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ABSTRACT

The present study deals with the taxonomy and morphology of the
immature stages of the Diptera family Calliphoridae (blowflies).

The eggs were studied, using both the light and the scanning
electron microscopes, and structural features were found that enable
specific identification. ’

The larvae and puparia of some sixty species were studied, and a
large number of new characters were found that enable the separation
of species reliably. In addition, various anatomical details,
especially of the cephalopharyngeal skeleton, have been elucidated.

The cephalopharyngeal skeletons of various related families were
studied and compared with the Calliphorid structure. '

Descriptions of the larvae of sixty species are presented, and
keys to various groups, especially those of medical or veterinary
importance, are given.

A discussion of the evolution and phylogeny of the Calliphoridae
and related families is presented, based on the above-mentioned
morphological studies and other evidence.
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.. though there dre animals which have no
attractiveness for the senses, yet for the eye of
science, for the student who is naturally of a
philosophic spirit and can discern the causes of
things, Nature which fashioned them provides joys

which cannot be measured.

De Partibus

Aristotle

Animalium
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CHAPTER ONE

INTRODUCTION

1.1 The Value of Anatomical and Taxonomic Studies on Calliphorid

Larvae

There are three main reasons for conducting nnnhumiunl and
taxonomic studies on the Llarvae of Calliphoridae. Firstly, such
studies contribute-é great deal to our understanding of the functional
anatomy and morphology of these larvae, and to a clearer understanding
of how they are adaptéd to their particular way of life. Secondly,
comparative studies on many species can contribute gréatly to the
systematics of the group, by clarifying affinities and giving a
stronger foundation for phylogenetic reconstructions; -often,
particular problems, such as deciding whether two forms are, in
reality, one species or two, can only beAHOLVud by o delailed shady ol
the immature stages. Lln other words, larval studics will resnll in an
improveﬁent of an already existing classification based on adult
"morphology.

The third, and perhaps practically the most important, reason is
the value of such studies in species identification. The usual method
of identifying the species of a larval Calliphorid is to rear it out
to lthe adult stage which can then be identified easily. However,
larvae (and eggs) are often presented to the specialist either

preserved in alcohol or in o moribund condition, nd inowany  coes




live, and seemingly healthy, larvae fail to develop. In some cases,
faéilities for rearing may not be available, or very large numbers of
specimens may need to be dealt with. For these reasons it is very
desirable to be able to identify the larvae to species. Regarding the
puparia, these are often found empty (i.e. after tﬁe emergence of the
adult) in various situations; in such cases any attempt at
identification must, of course, be made from the puparium alone.

The identification of the immature stages of Calliphoridae may

find practical applicability in the following fields of human

endeavour:

a) Ecological Research. As natural agents of decomposition, blowfly
maggots are of interest to the ecologist and others who are
involved in studies of the processes of decay and the recycling
of nutrients within ecbsystems. Much of what is known of the

bionomics of blowflies has been summarised by Norris (1965).

b) Medicine. Many species of blowfly larvae may act as parasites
(either obligate or facultative) and invade the living tissues

‘of Man and domestic and wild animals, while others may suck the
blood of their hosts. These larvae may cause permanent injury or

‘ éven death of the host. Myiasis in the 0Old World has been

comprehensively dealt with by Zumpt (1965).

c) Forensic Science. Calliphorid larvae are often found in human
cadavers and, in murder cases, may be of use in allempts Lo

determine the minimum time of death on Lhe basis ol Lhe stope of




development of the larvae. Other information, such as place and
manner of death may be gleaned from examination of these larvae.

This subject has recently been reviewed by Erzinclioglu (1983).

Archaeology. Due to their very tough® and durable nature
Calliphorid (and other Diptera) puparia are often found in
archaeological deposits, perfectly preserved after hundreds, or
even thousands, of years. Species identification in this field
contributes much to the reconstruction of events in ancient
times. The use of examiniﬁg puparia from archaeological deposits

has been discussed by Phipps (1983).

Palaeontology. Associations of fly maggots and vertcbrate
remains in a fossilised condition are not commonly reporled in
the literature, but it is probable that this is due to the fact
that thg material is not recognised, rather than an actual lack
of such associations. When such associations are reporteé, they
have contributed some information to the palaeoecological
reconstruction of the remains. The subject 1is reviewed by

Gautier (1974).

Hygiene. Meat intended for human consumption is sometimes found
to be infested with blo@fly maggots. In these silualions specien
identification is important in order that preventive measures
may be taken against the fly. In areas where adult flies act as
mechanical transmitters of disease by settling on human foods,

larval identifications from various pabula in the vicinity




(e.g. dung, carrion etc.) may assist in controlling the
population of the pest speciés. A comprehensive treatment of the

subject is given by Oldroyd (1973).

In a recent report by the NERC Working Party on the Role of
Taxonomy in Ecological Research (1976), it was pointed out that basic
research on cyclorrhapﬁous larvaé was needed. However, the Working
Party also stated that the ecological importance of cyclorrhaphous
larvae is 'medium', whereas the larvae of Lepidoptera and Coleoptera,
as well as such groups as the Aculeate Hymenoétera and the Mammalia
are of a 'high' ecological importance. This view is without doubt
erroneous. The diversity of larval habits and the number of species of
the Cyclorrhapha is very great ana their impact (as decomposers,
parasites, parasitoids, predators, leaf-miners etc.) on the terrestrial

environment is profound, and much greater than, e.g. the Mammalia, at

Ieast in Britain.
1.2 The Aims and Scope of the Present Work

In this thesis the family name Calliphoridae is used in the
restricted sense, to exclude the Sarcophagidae and the Rhinophoridae,
" put including the Ameniinae and the Rhiniinae. In all, sixty species
of Calliphoridae (as hefe defined) have been studied during the course

of this work. However, the genera Calliphora, Lucilia, Chrysomya and

the subfamily Phormiinae have received special attention.
In addition, representative species from Lhoses familicis in Lhe

‘Calliphorid'-line of the Calyplerales have been stuadicd; in obher




words, the 'Tachinidae' .in the old, wide sense to include the

following families: Tachinidae sensu stricto, Sarcophagidae,

Oestridae, Gasterophilidae, Hypodermatidae and Cuterebridae. Examples
from these groups have been studied in order to compare their
structures with those of the Calliphoridae and in order to attempt to
arrive at an understanding of the evolution of the group. The
'Muscid'-line (i.e. Muscidae, Anthomyiidae and Fanniidae) will not be

dealt with.

The scope of the present work is, therefore, as follows:

a) A discussion of the general anatomy of the immature stages of
the Calliphoridae in order to provide a basis for the taxonomic
work that follows. Also, various .struc£ures whose form or
function is in dispute are re-examined and discussed and new
interpretations offerred, and the form of certain imperfectly

understood structures is clarified.

b) Descriptions of sixty species of Calliphoridae at the immature
stages are given, and keys to certain groups in certain regions

are provided where feasible.

c) An anatomical comparison is made of the cephalopharyngeal

skeleton of the the various families of the 'Tachinidae' sensu

lato.

d) A phylogenetic reconstruction is tentatively proposed. This is
based on the comparative morphological studies carried oul

during the course of this study.




1.3 Previous Work

The literature on the immature stages of Calliphoridae will be
reviewed and referred to at the appropriate points in the thesis, but
a general summary is given here.

Weismann (1864) was probably the first to investigate the
anatomy of immature.stages. Lowne .(1890) published a very full account

of the anatomy of the larva of Calliphora vicina (as

C.erythrocephala), which, although containing some misleading
statements, nevertheless remains the standard work on the subject.
Other workers, especially Cook (1949), Ludwig (1949), Miller (1932)
-and Roberts (1969, 1971), have contributed greatly to the field of
larval anatomy and embryology.

The literature on the comparative anatomy and systematics of
Calliphorid larvae, although extensive, is scattered and of varying
quality. Most descriptions appeared during the first half of the
Twentieth Century and were usually the results of work on problems of
a medical or veterinary nature. The result of this was that species
were described singly or in unrelated groups, and no systematic and
comparative treatments of the subject were attempted. Furthermore,
most of the work was carried out in tropical énd subtropical areas,
and temperate (especially northern) species were largely ignored. An
added obstacle in the way of attempting systematic 'revisions' was the
difficulty in obtaining reliably named material, the difficulty in
rearing many of the species (e.g. parasitic or termitophilous species)
and the inadequacy of collections in museums and other institutions.

This meant that the, often very detailed, descriptions pubiliohed  in




-7 =

the past lacked a solid taxonomic basis, resulting in reliance on
unreliable charactérs, and potentially useful characters were often
overlooked. Therefore, it is not possible to compare newly-described
species with published' descriptions of other species meaningfully,
since these latter require to be redescribed on the basis of a strong
morphological foundation which was lacking wﬁen these species were
first described.

This work could not have been attempted without the pioneer
works of the following authors whose writings first stimulated my
interest in the subject: Austen, Banks, Cuthbertson, Froggatt, Fuller,
Hall, James, Keilin, Knipling, Miller, Patton, Roubaud, .Schumann,
Smart, Tao, Thompson, Townsend and Zumpt. In addition, Hennig's (1948,
1950 and 1952) monumental review of the larvae of Diptera deserves
special mention.

Although attempts at comprehensive treatments have been made in
other groups of cyclorrhaphous larvae, e.g. Drosophilidae (Okada,
1968), Sciomyzidae (Knutson, 1963) and Muscidae (Skidmore, 1973), no
such attempts have previously been made in the Calliphoridae. It is
hoped that the many questions posed by this thesié will encourage

others to take up the study of this interesting group.




1.4 Species Studied

The following. is a full 1list of the species of immature

Calliphoridae studied during the course of this work:

Calliphora vicina Robineau-Desvoidy

Calliphora vomitoria (Linnaeus)

Calliphora uralensis Villeneuve

Calliphora alpina (Zetterstedt)

Calliphora subalpina Ringdahl

Calliphora loewi Enderlein

Calliphora lata Coquillett

Calliphora croceipalpis Jaennicke

Calliphora terraenovae Macquart

Calliphora stygia (Fabricius)

Calliphora augur (Fabricius)

Calliphora ochracea Schiner

Calliphora livida Hall

Calliphora hortona (Walker)

Calliphora quadrimaculata (Swederus)

Cynomya mortuorum (Linnaeus)

Cynomyopsis cadaverina (Robineau-Desvoidy)

Triceratopyga calliphoroides Rohdendorf

Eucalliphora latifrons (Hough)

Aldrichina grahami (Aldrich)

Lucilia sericata (Meigen)

Lucilia caesar (Linnaeus)




Lucilia ampuliacea Villeneuve

Lucilia cuprina (Wiedemann)

Lucilia bufonivora Moniez

Lucilia porphyrina (Walker)

Lucilia caeruleiviridis Macquart

Lucilia pallescens Shannon

Hemipyrellia fernandica (Macquart)

Hemipyrellia ligurriens (Wiedemann)

Chrysomya putoria (Wiedemann)

Chrysomya chloropyga (Wiedemann)

Chrysomya marginalis (Wiedemann)

Chrysomya megacephala (Fabricius)

Chrysomya pinguis (Walker)

Chrysomya bezziana Villeneuve

Chrysomya albiceps (Wiedemann)

Chrysomya rufifacies (Macquart)

Chrysomya varipes (Macquart)

Chrysomya incisuralis (Macquart)

Chrysomya saffranea (Bigot)

Cochliomyia hominivorax Coquerel

Cochliomyia macellaria (Fabricius)

Phormia regina (Meigen)

Phormia terraenovae Robineau-Desvoidy

Boreellus atriceps (Zetterstedt)

Protocalliphora azurea (Fallen)

Protocalliphora avium Shannon and Dobroscky

Protocalliphora sialia Shannon and Dobroscky




- 10 -

Pollenia rudis (Fabricius)

Amenia imperialis Robineau-Desvoidy

Amenia leonina (Fabricius)

Stomorhina cribrata Bigot

Tricyclea deemingi Zumpt

Auchmeromyia luteola (Fabricius)

Elephantoloemus indicus Austen

Booponus intonsus Aldrich

Cordylobia anthropophaga (Blanchard)

Cordylobia ruandae Fain

Cordylobia rodhaini Gedoelst
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CHAPTER TWO

MATERIALS AND METHODS

2.1 Sources of Material

Specimens of many British species were obtained by setting up
carrion traps at various localities in County Durham, England. All

British species of Calliphora (except C.uralensis), Cynomya mortuorum

and Lucilia caesar were obtained in this way. Calliphora uralensis was

obtained from a gannet (Sula bassana (L.)) carcase from Ailsa Craig,

Scotland. All stages of Protocalliphora azurea were obtained by

searching the nests of swallows (Hirundo rustica L.) starlings

(Sturnus vulgaris L.), blackbirds (Turdus merula L.) and nuthatches

(Sitta europaea L.) in various localities in County‘Durham.

Specimens of other British and non-British species were received
as loans or gifts from many individuals and institutions throughout
the world. Most of this material was received preserved after having
béen obtained from positively identified cultures or individual
females, although in some cases live cultures were received. The

sources of all these specimens are listed in the Acknowledgements.

2.2 Culture Methods

Pure cultures were Kkept in cages at 20°-25°C, constantly

supplied with water and sugar; newly emerged specimens were given a
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protein meal by placing liver in the cage and all species readily
oviposited on this medium. Rearing was done on mice carcasses placed
in glass dishes with some peat as pupation medium. Pupating

individuals were removed to a clean cage for emergence.

2.3 General Laboratory Methods

Eggs and larvae were fixed and preserved in acetic alcohol (3
parts 90% ethanol:1 part glacial acetic acid); fixation in alcohol
alone is undesirable as the larvae contract and become difficult to
dissect. Eggs and first and second instar larvae were examined whole
under a stereomicroscope (mag. X10-X60), then slide-mounted whole in
Berlese's Fluid and examined under a compound microscope (mag.
X32-X320). Third instar larvae were examined whole under a
stereo-microscope; for examination under the coﬁpound microscope
dissected parts of the larvae were slide-mounted. For stereomicroscope
examination a strong 1light is needed to see details of the
spinulation, and fibre-optic illumination was found to be particularly
useful. No clearing by KOH or any other substance was done, as some
parts of the various sclerites are easily destroyed in this way. Whole
puparia were preserved in acetic alcohol, but empty puparia were
preserved dry. Puparia were examined whole under the stereomicroscope;
parts of puparia were then slide-mounted as above.

Measurements were made with a micrometer eyepiece and graticule.
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2.4 Sectioning Methods

For general purposes, eggs and larvae were fixed in Bouin's
Fluid for 24 hours ahd then embedded in wax. Sections were then made
using an ordinary microtéme. The sections (at a thickness of 8 u )
were then mounted on slides and stained with Ehrlich's haematoxylin
and eosin.

Attempts at sectioning the cephalopharyngeal skeleton using the
above method gave unsatisfactory results, due to the fact that the
hard skeleton was pulled through the soft tissues by éhe microtome
blade when it was struck by the latter, rather than being neatly
sliced. For sections through the skeletoh, therefore, a cryostat was
used. The method adopted was as follows: Live larvae were dropped into
a container of isopentane which was then lowered into a canister of
liquid nitrogen and held there for about 30 seconds. The larvae were
then immersed in the liquid nitrogen and left there for about 15
minutes. Sections were then made using a cryostat, and then stained
and mounted as above. Good results were obtained using this method,

due to the fact that the frozen specimen is of a uniform hardness

throughout.
2.5 Scanning Electron Microscopy

Eggs and larvae were prepared for the SEM as follows: Specimens
were placed in 50% alcohol for a day and then removed to 60%, 70%,
80%,  90% and, finally absolute alcohol, being kept for a day at each

concentration; the absolute alcohol being changed twice on the day.
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The specimens were then transferred to a mixtufe of 1 part absolute
alcohol and 1 part acetone for a day, followed by pure acetone (two
changes); the specimens could then be kept indefinitely in acetone.
Empty puparia were simply washed in absolute alcohol, then
transferred directly to acetone which was changed twice.
All specimens (except empty puparia) were dried using a Polaron
Critical Point Dryer. Puparia were dried in air. The specimens were

then gold-coated and examined with a Cambridge Stereoscan 600.

2.6 Illustration

Both line drawings and photographs are used to illustrate this
thesis. Line drawings 4were used to illustrate three-dimensional
structures, like the cephalopharyngeal skeleton, that cannot be
satiefactorily shown in a photograph since parts of .the' structure
will, of necessity, be out of focus. Also, the limits of the various
sclerites of the skeleton are very difficult to make out in a
photograph. Drawings were made with the aid of a camera lucida.

Scanning electron micrographs were taken using a Minolta camera.
Photographs of sections and slide preparations were taken using an

ultraphot. Photographs were used as the form of illustration when:

a) Evidence is presented to resolve a disputed point.

b) A structure is too complex to be satisfactorily rendered in a
drawing.

c) The degree of pigmentation of a structure iy importanl.
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CHAPTER THREE

THE MORPHOLOGY OF THE EGGS

...I began to believe that all worms found in meat
were derived directly from the droppings of flies,
and not from the putrefaction of the meat, and I
was still more confirmed in this belief by having
observed that, before the meat grew wormy, flies
had hovered over it, of the same kind that later
bred in it.

Francesco Redi

Experiments on the Generation of Insects

3.1 The Literature on Calliphorid Eggs

The above quotation from a book published in Italy in 1668 is
fhe first known reference in history to blowfly eggs. Since that time
much has been published on the egg-laying habits of blowflies (ec.g.
Portchinski, 1874; Osten Sacken, 1887; later work on blowfly
oviposition has been well summarised by Norris, 1965 and Nuorteva,
1977).

The. first detailed account of Calliphorid egg morphology was
that of Weismann (1864). Davies (1948) described the chorionic

structure of Lucilia sericata, and Wigglesworth and Beament (1950,

1960) published accounts of the chorionic structure of Calliphora

vicina (as C. erythrocephala), but their interpretations were

disputed by Hinton (1960). Further works by Hinton (1961, 1962, 1963),
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Anderson (1960) and Wigglesworth and Salpeter (1962) finally produced
a clear picture of chorionic structure.

However; relatively littlg work has been carried out on the
comparative morphology and systematics of blowfly eggs. Moreover, most
of the descriptions so far published are a matter of measurements of
length and width, and a few comments on colour and shape. The first
descriptions of diagnostic use were made by Laake, Cushing and Parish

(1936) who compared the morphology of Cochliomyia hominivorax (as C.

americana) with that of C. macellaria, using the light microscope.

Later, Hinton (1981) published descriptions and S.E. micrographs of
several species, but his concern was primarily with plastron function
and his descriptions are of little diagnostic use. The first to
examine eggs under the S.E.M. with a taxonomic viewpoint was Kitching
(1976) who published very useful descriptions and S.E. micrographs of
six species of Australian Chrysomya. O'Flynn and Moorhouse (1980)

described, and published S.E. micrographs, of Lucilia cuprina and two

'species of Australian Calliphora.

Other relevant references will be referred to at the appropriate

points below.

3,2 General Morphology of Calliphorid Eggs

A typical Calliphorid egg (Fig.188) may be described briefly as
follows: White or yellowish in colour. Cylindrical over most of its
length, but tapering at the anterior end and somewhat blunt at its
posterior end. The anterior end terminates in a disc-like area, the

micropylar plate. The micropyle perforates the centre ol the plate.
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The whole egg is slightly curved; on the concave dorsal surface a
hatching strip (or median area) is present, which broadens out at the
anterior end and also, although to a lesser extent, at the posterior
end. The median area is delimited on either side by a slightly raised
hatching pleat.

Muirhead-Thomson (1937), working on Muscids and Anthomyiids,
termed this type of egg the muscine-type to distinguish it from the
phaoniine-type egg which he characterised by the possession of two
large flanges, one on each side of the hatching strip. He also
described a Myiospila-type egg in which the two flanges diverge and
project anteriorly, and in which the anterior part of the egg projects
forward as - an apicomedian process. Much has been made in the
literature of this classification, and eggs have been described as
muscine etc. on the basis of this classification. (Skidmore, 1973;
Ferrar, 1979). However, since the 'flanges" of the phaoniine and
Myiéspila—type eggs are simply enlarged hatching pleats and many
intermediate forms occur, it is felt that this classification is
misleading, as many eggs cannot be fitted into any one of these
categories. The muscine and phaoniine eggs merely represent extremes
of the same condition and not different 'types'. This may be seen by

comparing figures
3.3 Taxonomic Value of Egg Characters

In this section the various characters of actual or potential
taxonomic value are discussed and evaluated. Comments on the possible
adaptive significance of the various character states will also be
made, and suggestions for future .work proposed. The discussion is

based on a study of 22 species.
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3.3.1 Colour

The colour of eggs is typically white or creamy-white, although
larger eggs appear to be yellowish. According to published

descriptions almost all Calliphorid eggs are of this colour, although

Zumpt (1965) describes the egg of Booponus intonsus as a 'dull greyish
white'. Ferrar (1978) states that the ovarian eggs and more advanced

follicles in specimens of Euphumosia papua are brown; he also states

that the material was 'not particularly well preserved' and that 'this

is not necessarily the colour in life’.

3.3.2 8Size and Shape

The length of Calliphorid eggs ranges f;om 1.00-1.80mm and the
width from 0.20-0.50mm. The dimensions of the species studied are
listed in Table I . A minimum of 20 eggs was measured for each
species. The size of an egg can serve only as a very fough guide in

identification, although certain species seem to have larger eggs than

averagé. In a few spécies, e.g. Auchmefomyia luteola and C!nbmxa
mortuorum the width of the egg in relation to its length is unusually
great, giving the egg a more robust appearance. This feature is best
presented as a Shape Factor, which is calculated by dividing the width
by the length (Table I ). It will be seen that this figure for the
‘above two species is appreciably greater than for the other species.

On the other hand, in Chrysomya bezziana, the size factor is unusually

low, this species being narrow in relation to its length.

The robustness (or otherwise) of an egg may be related to the




| Species | Measure- | Median | Shape | Volume -
| | ments |Area Index | Factor |

|

| | | I |
|Calliphora vicina | 1.37-1.50 | 0.08-0.12 | 0.28-0.33 |0.10-0.20
| | 0.38-0.44 | | I

I | I I I
|calliphora vomitoria | 1.25-1.50 | 0.09-0.11 | 0.29-0.30 |0.09-0.15
| | 0.38-0.44 | [ | :

| | | | I
|calliphora uralensis | 1.37-1.44 | 0.11-0.12 | 0.28-0.31 |0.10-0.14
| | 0.38-0.44 | | |

| I | | |
|Calliphora alpina | 1.31-1.55 | 0.18-0.19 | 0.26-0.29 |0.09-0.13
I | 0.38-0.40 | | [

| | | I |
|calliphora subalpina | 1.72-1.79 | 0.08-0.09 | 0.26-0.29 |0.17-0.23
| | 0.44-0.50 | | |

| I . | |
|Calliphora loewi | 1.50-1.63 | 0.10-0.11 | 0.29-0.31 |0.15-0.22
| | 0.44-0.50 | | |

I | I | | |
|Calliphora stygia | 1.30-1.35 | 0.19-0.20 | 0.27-0.28 [0.08-0.10
| | 0.35-0.38 | | |

| | I | |
|Calliphora ochracea | 1.45-1.53 | 0.11-0.12 | 0.25-0.26 |0.10-0.13
| | 0.38-0.40 | | |

| | | | |
|Calliphora quadri- | 1.70-1.75 | 0.19-0.20 | 0.24-0.25 |0.14-0.16
| maculata | 0.40-0.43 | | |

I : | | | |
|Calliphora hortona | 1.00-1.08 | 0.20-0.22 | 0.22-0.28 |0.04-0.05
| | 0.28-0.30 | | |

| | | | |
|Calliphora terrae- | 1.25-1.38 | 0.08-0:15 | 0.20-0.21 |0.04-0.06
| novae | 0.25-0.28 | | |

I | I I |

| Cynomya mortuorum | 1.63-1.75 | 0.05-0.07 | 0.31-0.39 |0.21-0.44
| | 0.50-0.69 | | |

| I I | I

| Triceratopyga | 1.42-1.48 | 0.12-0.13 | 0.23-0.26 |0.08-0.11
| calliphoroides | 0.33-0.38 | | | '

I | | | |
|Lucilia sericata | 1.13-1.25 | 0.24-0.28 | 0.22-0.25 |0.04-0.06
| | 0.25-0.31 | | |

I I - | I
|Lucilia caesar | 1.25-1.30 | 0.25-0.28 | 0.20-0.22 |0.04-0.05
| | 0.25-0.28 | | |

| I I | |
|Hemipyrellia | 1.24-1.37 | 0.15-0.16 | 0.26-0.27 |0 08-0.10
l ligurriens | 0.34-0.37 | | |

l




| A | Measure- | Median | Shape |

[ Species | ments |Area Index | Factor | Volume
|

| | | l |

| Auchmeromyia luteola | 1.43-1.48 | 0.06-0.07 | 0.35-0.37 [0.19-0.24
| | 0.50-0.55 | | |

| | | | |

|Phormia terraenovae | 1.00-1.06 | 0.09-0.11 | 0.25-0.30 |0.04-0.06
| | 0.25-0.32 | | |

| l | | |

|Phormia regina | 1.19-1.25 | 0.10-0.11 | 0.26-0.30 |0.06-0.09
| | 0.31-0.38 | | |

| | | |- |
|Protocalliphora | 1.19-1.25 | 0.14-0.15 | 0.26-0.27 |0.06-0.08
| azurea | 0.31-0.34 | | |

I I | | |
|Chrysomya bezziana | 1.08-1.18 | 0.52-0.60 | 0.19-0.21 |0.02-0.04
| | 0.20-0.25 | | |

I | | | I
|Chrysomya putoria | 1.31-1.37 | 0.28-0.36 | 0.21-0.28 |0.04-0.06
| ‘ | 0.28-0.38 | | |

} | I | I
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threat of dessication. Thus Au. luteola is known to lay its eggs in
dry dusty soil or sand in many parts of Africa wﬁere the temperature
is high (Zumpt, 1965). Under such conditions an egg with a greater
volume in relation to its surface area would lose water at a slower
rate than other eggs. On the other hand, Ch. bezziana lays its eggs in
open wounds of animals and men, which situations are unlikely to dry
out; its lack of 'robustness' is, therefore, not a disadvantage.

It is, however, difficult to see what advantage Cy. mortuorum

may have in laying such a robust egg. This species lives in cool, wet
(often coastal) areas and should have no particular problems of
dehydration; however, Nuorteva (1972)‘states that it is active mainly
on sunny days. It is aiso possible that a larger egg would better
withstand low temperatureé.

From the length and breadth measurements of the eggs, their
volumes may be calculated. Since the volume of a sphere may be

éalculated as follows:

V = 4/3 nr®

a modification of this formula will enable the computation of the
volume of an egg. Since only two of the radii of an egg are equal (the
breadths) and one is unequal to the either of the other two (the

length), the following formula will give the volume of the egg:

vV = 4/3 n(g)z (2)

Where V = volume, b = breadth and I - length. Al volumes, which

are of some diagnostic value, are listed in Table X
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3.3.3 Chorionic Structure

As is well known, the surface of the chorion is covered with a
network of hexagonal reticulations, (Fig. 39 ) which are a reflection
of the shapes of the follicular cells. I have not found any characters
in the shape of these hexagons that permit species identifications,
but further work, including careful measurements, may prove useful;
there does seem to be a tendency for some species to have larger
reticulations than others (compare Figs. 2 and 4 ). All that can be
said for the time being is that the reticulations are much fainter in

certain species (e.g. Calliphora hortona) than in others. (Compare

Figs. 2 and 7 ) Au. luteola (Fig. 24 ) possesses very well-developed
reticulations. The shape of the reticulations has, however, been used
diagnostically in other groups e.g. Muscidae (Hinton, 1981; O'Flynn
and Moorhouse, 1980) and Rhinophoridae (Bedding, 1973)). The character
is probably of value at the family level. |

In some species, e.g. Au. luteola (Fig. 24 ) the chorion is
grooved (or ridged) as is the case in many Muscidae (see Fig. 37 ).

Zumpt (1965) describes the egg of Cordylobia anthropophaga as having

'1ongitudinal.grooveé and also a fine hexagonal reticulation on the
surface'. Zumpt states that this species, iike Au. luteocla, oviposits
in dry sand and avoids moist soil. It is possible, therefore, that
these ridges are an actual thickening of the chorion that may curtail
water ioss. It is also possible that the ridges may strengthen the

eggs against knocking and rubbing in the dry,.loose soil in which they

are laid and to which they are not firmly stuck.




The detailed structure of the chorion has been sfudied by Hinton
(1960, 1981). It is essentially composed of a thick outer layer and a
thin inner layer connected by a series of vertical columns (Fig. 31 ).
According to Hinton these columns delimit air spaces. In sectioned
material roughly every sixth air space is larger than the others and
the outer layer above it is ridged. This air space corresponds to
Hinton's canal of the hexagonal system. Sections of the chorion of
five species were studied during the course of this work: Calliphora

vicina, Lucilia sericata, Phormia terraenovae, Cynomya mortuorum and

Chrysomya bezziana. No features of diagnostic value could be found,

however.
3.3.4 Micropyle and Micropylar Plate

The micropyle is an anteriorly situated pore which admits the
entry of spermatozoa during fertilisation. It varies in diameter from
8-40 p according to species, but most gpecies fall in the range of

8-12 p . Auchmeromyia luteola is an exception with a micropyle

diameter of about 40 u (Fig. 23).

Typically, the micropyle is situated on a dome-like structure
which is surrounded by a depressed area of the chorion. This whole
area is termed the micropylar plate (Fig. 8 ). The chorion of the
plate is usually smooth i.e. with only faint reticulations, but, as
with the réticulations on the rest'of the chorion, this feature varies
(rather subtly) between species (compare Figs. 2 and 8 ). In

Auchmeromyia there does not seem to be a well-defined plate, and the

area around the micropyle is normally reticulated (Fig. 23 ).
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3.3.5 Median Area

This feature provides some of the most useful diagnostic
_characters of the egg. The median area is delimited on either side by
the hatching pleats and, in most known Calliphorid eggs it has a
peculiar structure that enables it to function when submerged, as a
plastron, or physical gill; its structure and function have been

described in detail by Hinton (1960, 1981). However, in Pollenia rudis

the median area is similar .in structure to the rest of the chorion,
‘the plastron being restricted to the inner sides of the hatching
pleats (Richards and Morrison, 1972). In all known Calliphorid eggs
the median area is situated dorsally; the statement by Tawfik and
El-Husseini (1971) that it is ventral is incorrect. (The terms dorsal,
anterior etc. when applied to eggs are all in relation to the body
axis of the ovipositing female.)

Probably the most useful taxonomic feature afforded by the
median area is its shape. Anteriorly the structure is usually one of
two basic shapes. It either ends abrupfly before the micropylar plate

as is the case in e.g. Calliphora vicina and Calliphora alpina

(Figs. 1 and 4), or it bifurcates forming a U- or V-shape anteriorly

as in Calliphora vomitoria and Lucilia sericata (Figs. 2 and 16 ), In

Chrysomya putoria (Fig. 21 ) the very narrow median area bifurcates

anteriorly giving rise to two narrow bands one on either side of the

micropylar plate forming a very distinctive Y- shape which is very

similar to Kitching's (1976) S.E. micrographs of Ch. hegacephala. In

Chrysomya bezziana the wide median area bifurcates sending a wide band

around either side of the micropylar plate. These bands curve down
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ventrally on either side, but do not meet (Figs. 19 and 20 ). Fig. 36
shows a section through the ventral part of the chorion lying between
the two lateral bands. The shape of the median area in Ch. bezziana is

very similar to Laake, Cushing and Parish's (1936) light microscpe

description of Cochliomyia hominivorax.

The length of the median area along the body of the egg is also

of gréat diagnostic value. In many species, e.g. Calliphora vicina, it
extends over most of the length of the egg (Fig. 39 ), while in

others, e.g. Protocalliphora azurea, it extends over one third to a

half of the way down the egg (Fig. 26 ). In some species the median
area ends abruptly about a half or two-thirds the way down the egg,
only to reappear again after a short distance. This feature is present

in Chrysomya putoria (Fig. 22 ) and Calliphora ochracea (Fig. 11 ).

According to Dr Lewis Davies (pers. comm.), the median area is broken

in some specimens of Lucilia sericata and Lucilia caesar.

The shape and thickness of the part of the chorion lying between
the two arms of the median area (in species where it is bifurcated) is
also of diagnostic use. This 'lip' may be pointed as in Calliphora

uralensis (Fig. 3 ) or rounded as in Chrysomya bezziana (Fig. 20 ).

Intermediate forms occur, as in Calliphora vomitoria (Fig. 2 ) and

Lucilia sericata (Fig. 16 ) where the lip is roughly V-shaped, but

does not have a pointed tip.

The width of the median area is, to some extent, useful in
separating species. Along most of its length, the median area is
usuaily between 30-40 p in width, but the greatest interspecific
variatioq occurs at the anterior wide end of the median area. In this

connection, the median area index, calculated by dividing the greatest
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width of the median area by the greatest width of the egg is. of some
value. The results are listed in Table I . These figures may be of use
as a rough guide in‘identificatioﬁ, but they cannot be taken to show
differences in the extent of the respiratory surfaces of the different
species. This is because only the greatest width is measured, and in
some species with very narrow median areas, the median area may widen

out anteriorly giving a figure that does not reflect the true extent

of the respiratory surface (e.g. Chrysomya putoria Fig. 21 ). A
measure of surface area would be more meaningful in this context.

The structure of the meshwork of the median area seems to be of
potential value in taxonomy, although this character was not fully
explored during this study. The structure and respiratory function of
this area has been described in detail by Hinton (1960, 1981). For the
purposes of identification, three different types were observed.

Firstly, Hinton's type, which possesses a surface . network layer

(Fig. 28); this is typical of species of Calliphora and Lucilia. The

network may be rather dense, as in Lucilia sericata (Fig. 16 ), or

more open as in most species of Calliphora (e.g. Calliphora loewi Fig.

6 ). Secondly, a Protocalliphora-type, found in Protocalliphora azurea

(Fig. 27 ), which seems to lack the network layer and in which the
aeropyles appear to lie on the surface; the general impression is of a
spongy appearance. Thirdly, bezziana-type, characteristic of Chrysomya
bezziana (Fig. 20 ); this has a 'furry' appearance under the light
microscopé, pbut appears somewhat 'scaly' wunder the S.E.M. The
structure of this type of respiratory surface was rather difficult to

elucidate. Transmission election microscopy should prove useful 1in

this field.
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The structure of the median area must be seen in the context of
respiratory and dehydration problems (Hinton, 1981). Therefore, one
must assume that species with narrow median areas must be subject to

dessication in nature, for example, Lucilia sericata, which favours

high temperatures for oviposition, has, on average, a narrower median
area and a more closed structure, than Calliphora species that are

active at lower temperatures. The para