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A young male Anax imperator settled away from water during its period of
maturation. The glistening wings and light blue abdomen show that it is probably
between two and six days old. The time is late May in southern England, and
the branch of Pinus sylvestris, to which the dragonfly is clinging, has bluish-green
older leaves, a closed female cone, and golden-stemmed young shoots. The
surrounding heathland comprises Pinus, Betula and Calluna growing on plateau
gravel and Tertiary clay, an association much favoured by Anax imperator.
From an original watercolour drawing by Ralph Thompson
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' Another thing worthy of observation in these creatures is, that they
must hunt and seek after their food flying in the air, for which purpose
nature has given them two large eyes, which make almost the whole
head, and are like glittering mother-of-pearl. They have moreover four
remarkable membranous silver-coloured wings, with which, as with oars,
they can turn themselves like swallows with a prodigious velocity to all
parts of the air. . . Mouffet, who erroneously asserted, that these creatures were produced from rotten bull-rushes, speaks however very rationally of them, when he says: " They form one of the greatest beauties in
all nature, being superior by far to all art."'
J. Swammerdam, c. 1675
' Dragonflies occur in all parts of the earth. Some species are found even
within the Arctic Circle, though, of course, they become more abundant
the nearer we approach to the tropics'
W. Harcourt Bath, 1890
' There are . .. other (Hawaiian) species the nymphs of which live
under very different circumstances. These have given up their aquatic
life, and live hidden at the bases of the leaves of a liliaceous plantAstelia veratroides. . .. These nymphs . . . differ in some points from
those which frequent the water; they are shorter and stouter, and much
more sluggish, and the caudal appendages are very short and thick,
differing therein greatly from some of the aquatic species, the appendages
of which form beautiful tracheal gills.'
R. C. L. Perkins, 1897
Gynacantha nervosa seems essentially crepuscular in its flight. Where
the species occurs abundantly the numbers on the wing and in sight at
once, the mobile active flight, and the rapidly coming darkness of the
tropical night combine to form a scene to fire the imagination. . .. Suddenly, a large brown dragonfly goes with undulating flight circling
about a thatched but and at once the garden and path are alive with
interweaving forms. . .
E. B. Williamson, 1923

' The age of specimens taken in the field cannot be determined with
accuracy, and if studies are to be made upon the development of glands
and their physiological relations to reproduction, longevity and other
functional conditions, individuals must be reared from emergence to
reproductive maturity at least and possibly to normal death.'
A. D. Whedon, 1942
' Copulation time seemed to depend on the male, for the same female (of
Perithemis tenera) would copulate long with a long-copulating male or
briefly with a short-copulating male. The duration was often prolonged in
shade or when the air temperature was below 25°C. Stop-watch timing of
623 undisturbed copulations of 25 males in sunlight at temperatures of
3o-32°C. showed the mean duration to be 17.5 seconds.'
Merle E. Jacobs, 1955

PREFACE
Tilts book is concerned with the ecology of dragonflies, and in
particular with their physiology and behaviour. I have surveyed
existing knowledge in these fields and considered it in relation to
the problems of adaptation which dragonflies encounter. While
doing this, I have taken the opportunity to indicate certain problems towards which research might profitably be directed in future.
Although dragonflies are primarily tropical insects, previous
accounts of their biology have had to be based on the specialised,
and therefore less typical, forms in temperate regions. Here I have
been able to incorporate the observations which have been made on
tropical species, and thus reveal more clearly some of the factors
which determine patterns of behaviour in different environments
and at different latitudes. My main purpose, then, has been to
present an integrated ecological study of the group as a whole.
In reviewing the literature bearing on the subjects discussed, I
have made no special attempt to cover work published after August
196o, although several later publications which came to my notice
have plant Astelia. Specific facts or observations mentioned in
the text without an authority are from my own unpublished work.
I wish to take this opportunity of acknowledging the help I have
received while preparing this book.
My main debt of gratitude is to my wife, who has assisted with
every important aspect of the work, from the observation and capture of dragonflies in the field to the typing of the manuscript. In
particular I wish to thank her for many helpful discussions and for
criticism of the text.
I am much indebted to Dr. M. A. Lieftinck and Dr. T. R. E.
Southwood for having criticised the original draft of the manuscript, and to Dr. Charles E. Jenner and Dr. Merle E. Jacobs for
having commented on Chapters IV and VII respectively. Although
I have benefited greatly from their criticisms, these authorities do
not necessarily agree with all the views advanced in this book. I am
very grateful to my mother, Mrs. Irene Corbet, for having critically
read through the whole of the original draft.
It is a pleasure for me to be able to thank several other friends
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and colleagues who have assisted in various ways. Mr. Ralph
Thompson generously provided the drawing for the Frontispiece.
Mr. A. E. Gardner and Dr. M. A. Lieftinck made available to me
their published and unpublished drawings, and gave timely help by
loaning notes and publications. Mr. S. Beaufoy made available
photographs at short notice. Mr. D. E. Kimmins advised on the
copying of figures. Mr. C. P. Barker gave help in the field. Several
librarians gave courteous assistance, in particular Miss A. Wright
of the Royal Entomological Society of London, and Mr. Stanley M.
McDonald of the Concord Library, Massachussetts, who sent me an
extract from the paper by R. H. Howe (1917), the only reference
cited I have been unable to see in the original. Mr. Zoltan Lukàcs
translated the paper by L. Biro (1884). Miss Cynthia Longfield and
Mr. E. C. G. Pinhey named large numbers of African dragonflies
for me. Frau Hortense Wenner allowed my wife and me the use
of her beautiful house by Lake Constance, where the first draft of
the manuscript was written during September and October 196o. By
his consideration and help. Mr. Antony Witherby has made my
task of preparing this book a very pleasant one.
Most of the text figures derived from the publication of other
authors or myself have been redrawn, as stated, but those reproduced here in their original form have been acknowledged in the
manner `(From Smith, 1958)'. For permission to reproduce such
illustrations I am indebted to the publishers of the following :
The Entomologist for Figures 6o, 62 and 63; Internationale Revue
der gesamten Hydrobiologie for Figures 42-48; The Journal of
Animal Ecology for Figures 83, 86-89, 96 and 104; Miscellaneous
Publications of the Museum of Zoology, University of Michigan
for Figures 97 and 98; Nova Guinea (new series) for Figures 77-8o;
The Proceedings of the Royal Entomological Society of London for
Figures 3o, 31, 35 and 36; The Proceedings of the South London
Entomological and Natural History Society for Figures 14-16 and
o; Tombo (Acta Odonatologica) for Figure 55; and Treubia for

Figures 9, 65-70 and 72. The photographs for Plates V and VI were
first published by William Collins Sons and Co., Ltd. in Dragonflies (1960). The picture on the front of the book-jacket, which portrays a larva of Archilestes californica, was redrawn from the
original by Kennedy (1915a).
PHILIP S. CORSET.
Entebbe, Uganda,
April, 1962.
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INTRODUCTORY NOTE
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I

ALTHOUGH it is outside the scope of this book to include what has
already been treated adequately in text-books of general entomology
and in R. J. Tillyard's The Biology of Dragonflies, a few remarks
may be helpful by way of introduction and in order to clarify
certain terms used in the text.
Dragonflies are relatively generalised insects comprising the order
Odonata. They exhibit an incomplete metamorphosis, there being
no pupal stage separating the adult from the larva. The latter, however, although it develops rudimentary wing-sheaths at an early
stage, bears little resemblance to the adult, and is adapted for an
aquatic existence. In the typical condition, the winged adults mate at
water, and the female lays her eggs nearby, immediately afterwards,
sometimes with the male still attached to her thorax `in tandem '.
She may lay the eggs inside plant tissue (` endophytically '), or freely
on the water surface (` exophytically '), her ovipositor being modified
according to the method adopted. The larva, which is aquatic and
carnivorous, grows by successive moults or ecdyses '; these separate
stages or instars ', which vary in number from about 9 to 14. Towards the end of the final instar the tissues inside the larval cuticle
change into those of the adult. These internal changes comprise
' metamorphosis '. When metamorphosis is complete a larva leaves
the water and undergoes its final moult during which it transforms
into the winged adult. The processes associated with this moult are
termed ' emergence '. When the adult flies away, the larval skin or
exuvia ' remains at the site of emergence.
The order Odonata comprises three sub-orders : the Anisoptera,
robust dragonflies with the fore- and hind-wings different in shape;
the Zygoptera, sometimes called ' damselflies ', which are small and
delicate, with all the wings similar; and a third group, the Anisozygoptera, which superficially resemble the Anisoptera, but which
are intermediate in several important respects between the two
other sub-orders. Representatives of all three groups are referred to
here as ' dragonflies '.
The classification and nomenclature of Odonata adopted are
xv
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those outlined by Fraser (1957), with certain exceptions. I have used
Calopteryx instead of Agrion in order to avoid the risk of confusing
the latter with Coenagrion; and derivatives of the root -agrion- '

have been given as -agrionidae ' instead of -agriidae
It has not been considered necessary to give the authority for the
scientific name of each species mentioned, since in nearly every case
I have used the name given in the current handbook for the region
in which the species occurs. Where a generic name given in the
handbook differs from the one used here, the trivial or specific name
is retained and the generic synonym included under a crossreference in the Odonata index.
The terminology used to describe the larval labium is that which
I defined in 1953. According to this the two main segments are
called the prementum ' and postmentum ', the former being the
more distal; no part of the labium is termed the mentum
By the tropics' I mean that zone lying between Cancer and
Capricorn, i.e. the latitudes 23°27' north and south. Regions beyond these limits are all described as temperate ', there being no
need here to distinguish arctic dragonflies as such. Other terms
which require definition are explained on first mention in the text,
this being indicated in the subject index by a page reference separated from those succeeding it by a semi-colon.

CHAPTER I
HABITAT SELECTION AND OVIPOSITION
BETWEEN the aquatic and aerial stages of the dragonfly lifehistory occur two transitional events—emergence and oviposition.
Whereas a population scatters after emergence, it usually aggregates
before oviposition. And as sexual behaviour nearly always occurs
near the oviposition site, this aggregation involves both males and
females in much the same way. Thus the appropriate responses for
successful habitat selection must be developed in both sexes, being
directed towards mating in the males, and towards mating and
oviposition in the females.
It is not yet known whether or not some dragonflies possess an
effective method of homing' to the habitats from which they
emerged. There are indications that some may do so (see page 186),
but at the same time it is evident that many other species wander
so freely that they must regularly be faced with the need to locate
and select a new habitat suitable for their larvae. The existence of
mature adults far from water, the rapidity with which virgin
habitats are colonised, and the well-known phenomenon of
migration all serve to demonstrate this.
Dragonflies are animals in which sight is the most highly developed sense, and it is therefore to be expected that their habitat
selection is primarily visual. This has been stressed by Muller (1937),
who observed females of Orthetrum laying eggs on a shining cement
floor in Java, and also by Kennedy (1938), who cited instances in
which pool-breeders were attracted to shining surfaces, such as
those provided by roofs of automobiles or pools of petroleum, although these were obviously unsuitable as oviposition sites. Earlier
(1917) Kennedy had given an account of many Anax junius having
been killed, apparently as a result of mistaking an open surface of
crude oil for water; and it is a common experience in tropical
regions to see mature individuals of Pantala flavescens (also a smallpool-breeder) showing sexual behaviour and oviposition movements
over roofs of automobiles or even of tents (Neville, 1960a). As might
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be expected, Odonata which oviposit endophytically are less often
deceived by unnatural sites : but one such case has been described
by Muller (1937), who watched Copera marginipes, a sylvan platycnemidid in Java, making repeated oviposition movements in a
dirty seam on a shining black laboratory bench. Muller considered
that the seam had probably been mistaken for a plant stem floating
on water. Such examples serve to show that these species are probably responding visually to surfaces which are highly reflective, and
also that their response is initially a simple one which occasionally
allows them to be misled.
An experimental study of this problem was attempted by Steiner
(1948), using a pool-dweller, Leucorrhinia dubia. Finding that adults
(especially those which were sexually mature) were attracted to,
and settled upon, white cloths which he laid out on the ground,
Steiner concluded that they were mistaking them for pools, and
that therefore sight was the dominant sense employed in habitat
selection. Whereas this is probably so, Steiner's results do not clearly
demonstrate it, because it is possible that he confused two different
kinds of response in his method of assay (see Schiemenz, 1954). His
study merits attention, however, since it represents one of the first
attempts to approach this question experimentally.
It seems that riverine dragonflies, as well as pool-dwellers, can be
deceived by reflective surfaces, and there have been reports of
Ophiogomphus forcipatus (Puschnig, 1926), Macromia magnifica
(Whitehouse, 1941) and species of Chlorogomphus (Fraser, 1936b)
patrolling along roads instead of rivers. Although petroleum pools
are rare, and automobiles and shining roads are relatively recent
phenomena, it might nevertheless be expected that dragonflies
would possess some independent means of confirming the verdict
of their eyes. Moore (196o) has recorded that a mature male Libellula quadrimaculata, on first arriving at water in the morning, will
fly low over it and touch the surface with his abdomen, thereby
perhaps confirming his initial visual impression of its presence.
Similar ' water-touching ' behaviour has been observed in several
other species (particularly Gomphidae) over water, whereas Chlorogomphus (Fraser, 1936b) and Ictinogomphus ferox have been seen
to make similar movements while flying along roads. It seems
reasonable to regard most, if not all, of these records as descriptive
of behaviour directed towards testing the nature of a reflecting surface. There are, however, several remarkable cases on record (e.g.
Wilson, 1909, 1912; Williamson, 1934; Eda, 196ob) where adults
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(again mainly Gomphidae) have been seen to plunge beneath
water. Various authors have attempted to rationalise these actions
in different ways, regarding them as attempts to drink, to reduce the
body temperature, to wash or to feed. A common sequel to such behaviour is that the dragonfly quickly flies to the top of a tree where
it settles. The latter is a typical escape reaction and suggests that the
adult had just sustained an unpleasant accident, and that therefore
its submergence was not intentional. More information is needed to
clarify this question, but as the evidence stands at present, I think
that two other interpretations of submergence should be considered.
The first, as mentioned above, is that it is exaggerated testing behaviour, or, in the case of females, clumsy oviposition. It is difficult
to find a more likely explanation than this for the behaviour of a
female Gomphus vulgatissimus observed by Robert (1958). This
species often shows water-touching behaviour over streams, and in
this instance the female flew on to the surface of a road, covering
herself with dust, and then immediately rose to settle on a nearby
tree. A second interpretation of submergence behaviour is suggested
by the fact that many species seen to induge in it are those which
are aggressive and in which visual recognition is sometimes defective (see page 165). It may be that males sometimes attempt to fly at
their own reflections beneath them, and are then carried under the
surface by their momentum.
Steiner (1948) has shown that there is yet another way in which
the verdict of sight may be confirmed or amplified during habitat
selection. He found that adults of Leucorrhinia dubia, a species
which normally breeds in bog pools on moors or heaths, were
attracted in significantly greater numbers to bog water than to tap
water, and he attributed their ability to discern the difference to
sense organs on their antennae (Figs. 1 and 2). These organs, which
are essentially similar to the chemoreceptors in the antennae of
Aeshna larvae described by Zawarzin (1912), were found by Steiner
to be present also in adults of Aeshna cyanea, Libellula quadrimaculata, Orthetrum cancellatum, Sympetrum flaveolum and a
species of Coenagrion.
Once searching dragonflies have reached water, further site
selection takes place, and the responses involved in this can often
be inferred from the observed distribution of the species concerned.
One finds, for instance, that inhabitants of small pools rarely if ever
breed in lakes. I once watched a mature Pantala flavescens, which
had been showing sexual behaviour over a pond about 20 m. from
HABITAT SELECTION AND OVIPOSITION
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and
Ictinogomphus
ferox
margins are more sheltered one finds
Phyllogomphus orientalis, species which are characteristic of more
slowly-flowing rivers.
A good example of the way in which different kinds of dragonflies exercise habitat selection on the basis of shore-line is provided
by the distribution of adults around a newly-filled earth dam in dry
country in Tanganyika (Fig. 3). There it was only along the straight
dam wall that the riverine species were found. It is consistent with
HABITAT SELECTION AND
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Mos. 1-2. Olfactory sense organs on the antenna of
Aeshna cyanea. 1. Positions of organs on segments of
flagellum. 2. Longitudinal section through proximal
segment of flagellum to show structure of composite
olfactory furrow containing several cones (a). Greatly
magnified. (Redrawn after Steiner, 1948.)

Lake Victoria, fly to the lake edge (a sandy beach) but turn away
when it reached the open water. Observations such as this suggest
that it is the shape and size of a body of water that are important
in habitat selection, and that small-pool-breeders are not attracted
by water of more than a certain surface area. Experimental fishfarms in the tropics should provide good opportunities for the
investigation of this problem, since they often feature numerous
small ponds which, though similar in many respects, are of different
sizes. For some pool-breeders an important criterion of size may be
the area of open water. It has been noticed by Robert (1958) that a
newly-formed pond will he preferred first by Libellula quadrimaculata, and then later, when floating vegetation has encroached
upon the water surface, by Libellula depressa.
A factor involved in habitat selection by certain riverine breeders
seems to be the length of uninterrupted shore-line. It is well known
that long straight shores of lakes tend to be colonised by riverine
dragonflies. This can he illustrated by the distribution of Gomphus
:3ulgatissimus in Europe (Wesenherg-Lund, 1913), and by that of
;everal species elsewhere. In North America, Dromogomphus spin)sus inhabits open lake shores as well as streams (Needham and
Westfall, 1955). In Africa on Lake Victoria Paragomphus hageni
Ind Crenigomphus renei patrol sandy beaches just as they do near3y rivers; along rocky shores the same is true of Metacnemis valida,
rIlatycypha caligata and Trithemis donaldsoni; and where the lake

B
Flo. 3. The distribution of adult dragonflies around Mwalukwa Dam, Shinyanga, Tanganyika at noon on zoth January, 1955. The small-pool-breeders
(a-c) occurred nearer the drying-up river bed to the left (A), euryvalent
species (d-g) both there and along the irregular sandy margins (B), and riverine
and lacustrine species (h-j) along the straight dam wall (C), which was some
zoo m. long. a. Pantala flavescens. b. Tramea basilaris. c. Hemianax ephippiger. d. Orthetrum brachiale. e. Brachythemis leucosticta. f. Philonomon
luminans. g. Crocothemis erythraea. h. Orthetrum trinacria. i. Ictinogomphus ferox. j. Trithemis annulata. (Original.)

this observation that, among the species of Odonata known to
colonise dams in South Africa (Brinck, 1955), are three (Pseudagrion pseudomassaicum, Paragomphus cognatus and Macromia
pieta) which are typically inhabitants of rivers.
Although many riverine dragonflies readily colonise the open
shores of lakes and dams, there are some, such as the European
species of Calopteryx, which do not. Zahner (196o), who has made
a detailed study of this problem in Calopteryx splendens, concluded
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that the absence of this species from lake shores is a resultant of
several factors, in which adult responses play the major part. Adults
tend to remain very near the emergence site, and to return to it
regularly for reproduction. Since the larvae can survive only in
water with a unidirectional flow, this factor alone tends to restrict
the distribution to streams or rivers. Adults are apparently unable
to perceive water-movement, and they do not avoid standing water
as such. They do, however, try to avoid large, uninterrupted surfaces of water, being ill-equipped to fly over them. Zahner found,
for instance, that individuals released over a lake more than 1 som.
from the shore were obliged to settle before reaching it. Another
thing which tends to keep the species bound to its habitat is that
adult males prefer to establish territories in places where there are
many other individuals of the same species. A dimensional sense
also seems to play a part, Zahner (1959) having shown earlier that,
when establishing territories, males of C. splendens avoid streams
less than 6o cm. wide or free water with an area of less than o.5 m. 2 .
In this species, as well as the allied C. virgo, an ability to avoid lake
shores is clearly of adaptive value, since larvae can survive only in
running water.
In some riverine species habitat selection seems to be achieved by
adults congregating near shallow rapids, which present a surface
which is highly reflective compared with that in slower reaches.
When describing the characteristics of Hetaerina streams, Williamson (1923a) included shallow rapids among them, and remarked
that a great number of stream-frequenting dragonflies, both in
tropical and temperate regions, are attracted by ripples. He noted
(1932b) that adults of Stylurus laurae usually settle on branches
overhanging ripples, returning to them after short flights; and
oviposition in such sites has been observed in several species, including Megalogomphus hannyngtoni (Fraser, 1934), M. icterops (Lieftinck, 1941) and Chlorogomphus magnificus (Lieftinck, 1954). Forms
such as Zygonyx, which inhabit waterfalls, exhibit this kind of
habitat selection to an advanced degree.
A more refined type of discrimination is shown when the exact
site for oviposition is selected. Usually only the female is concerned
in this, but in species such as Perithemis tenera and Plathemis lydia
(Jacobs, 1955) or Calopteryx splendens (Zahner, 196o), it is the male
who takes the initiative in choosing the site. This act of selection is
of great significance in the life-history, since its function must be
to place the eggs in a site which is optimal for the development of
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the egg, and also, to some extent, the larva. Factors likely to affect
these two developmental stages are temperature, oxygen con
centration, water-movement, desiccation, overcrowding, and exposure to predation. We may now consider some of the ways in which
different kinds of oviposition behaviour meet the demands imposed
by these factors.
Perhaps the most unspecialised type of oviposition found today is
that exhibited by the Petaluridae, and other bog-dwelling forms,
such as Oligoaeshna pryeri (Taketo, 1958a). This process has been
described by Wolfe (1953) for the New Zealand petalurid, Uropetala
carovei, which inhabits mountain bogs. An ovipositing female
alights on a Schoenus tussock and, after slowly struggling down to

FIG. 4. Positions of eggs of Uropetala carovei after having

been laid amongst mosses (left) and liverworts near the surface of a mountain bog in New Zealand Each egg is about
1.4 mm long. (Redrawn after Wolfe, 1953.)

the bog surface, inserts her abdomen amongst the matted mosses
and liverworts beneath which the larvae construct their burrows.
She then lays the eggs between the moss stems (Fig. 4) to which
they are attached by a coagulating secretion. After remaining up to
two minutes in one place she flutters clumsily to another site and
oviposits again. By placing the eggs directly into the larval habitat,
a female may so damage her wings on the surrounding vegetation
that only the anal portions of them remain. After this she cannot
fly well and soon dies. The relatively generalised ovipositor of U.
carovei (Fig. 5) is well adapted for placing eggs amongst the moss,
where they are hidden from predators and effectively insulated
against extremes of environmental temperature and humidity. It
may well be that these three ecological factors have played a major
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part in determining the specialisations observed in other dragonflies
which practise endophytic oviposition.
In most endophytic species the elaborate ovipositor (see Duncan,
1933) is serrated (Fig. 7) and adapted for making incisions in the
tissues of plants and placing the eggs in them. Eggs laid inside
living plants are presumably well protected from predators, and
unlikely to suffer desiccation or the ill effects of extreme heat or of
freezing. It is perhaps significant that the majority of species in
which the egg stage must withstand drought in the tropics (e.g.
Lestes, Gynacantha) or survive the winter in temperate latitudes
(e.g. Lestes, Aeshna) are those which lay their eggs in plants.

5

ovipositing on the
FIG. 9. A female Selysioneura cornelia

Fics. 5-8. Types of ovipositors. 5 and 7, endophytic species; 6 and 8, exophytic
species. 5. Uropetala carovei (redrawn after Wolfe, 7953). 6. Anotogaster
sieboldii (redrawn after Needham, 193o). 7. Lestes dryas (redrawn after
Gardner, 1951b). 8. Somatochlora williamsoni (redrawn after a photograph
in Needham and Westfall, 1955).

In areas of high dragonfly density there exists the danger of
plants being damaged or even killed by excessive oviposition. In a
number of plants, such damage can be recognised by the galls which
form at the sites of injury. One should bear in mind, however, that
galls containing dragonfly eggs need not necessarily have been
caused by the act of oviposition. Selysioneura cornelia, for example,
is believed to oviposit in sites where galls have developed previously
from other causes (Lieftinck, 1953a) (Fig. 9). In other cases, however,
there can be no doubt that it is the dragonflies that are responsible
for the damage. In addition to the much-quoted record by Needham
(190o) of the heavy injury to the more exposed stems of an American iris inflicted by Lestes dryas and L. unguiculatus, there are

underside of a leaf in which are two large galls in the midrib and a small one in a lateral vein. Sorong, New Guinea.
(From Lieftinck, 1953a.)

other instances of severe damage caused by dragonflies. Archilestes
californica may sometimes oviposit so intensely in alders that galls
are formed or the trees even killed (Kennedy, 1915a); and the bark
of willows may be severely mutilated by the oviposition of certain
other Lestidae in Europe (Figs. Io and I I).
It may be partly as an adaptation to avoid excessive damage to
the plants they use that many species systematically space out the
incisions they make in them, although it must be remembered that
this habit may also give some protection against egg-parasites, as
well as alleviating crowding among newly-hatched larvae. A description of such oviposition behaviour has been given by Eriksen
(196o), who observed Enallagma exsulsans laying in tandem in submerged filaments of Potamogeton. After probing with her ovipositor, the female deposited an egg and then grasped the filament
with her anal appendages. She backed down the filament as far as
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oviposits almost exclusively in Stratiotes abides, even though by

FIGS 10-1r. Damage to willow caused by the oviposition
of Lestes viridis. 1o. Segment of branch containing egggalls. 11. Positions of eggs in a single gall (cortex
removed). (Redrawn after Robert, 1958.)

possible in that position before releasing her anal appendages and
probing again in the new position lower down. This behaviour was
repeated until she had reached the stream bottom about 15 cm.
below the surface. There she probed again but found only silt,
whereupon she stopped ovipositing and floated to the surface.
Another example of spacing is to be found in the way Coenagrion
pulchellum lays its eggs in a circular fashion under leaves of
Nymphaea; here the incisions can form such a regular pattern that
Wesenberg-Lund (1913) was prompted to suggest that the intervals
between them are measured by the styli. Such behaviour could do
much to reduce damage to the protecting plants, especially where
dragonfly density is low, and it may be that serious plant damage
only occurs when many females oviposit in a single stem. Another
manner in which plant injury is probably reduced is by the habit
many dragonflies have of moving frequently from one site to
another while laying a single batch of eggs.
Some endophytic dragonflies show a distinct preference for ovipositing in particular types of plants. In some areas Aeshna viridis

doing so the females damage their wings considerably on the rough
edges of the leaves (Munchberg, 1956). Somewhat broader preferences are shown by European species of Lestidae (Nielsen, 1954)
and Coenagrionidae (Aguesse, 1955). When well-developed, this
habit of plant-selection must effectively determine the distribution
of certain dragonflies, as appears to be the case with Coenagrion
armatum in Britain, where it is closely associated with Hydrocharis
morsusranae (Gardner, 1954b). This behaviour, as suggested by
Aguesse (1955), may be of importance in some cases in restricting
oviposition to those habitats which are suitable for the larvae, and
in this respect it can be regarded as a refined type of habitat
selection. But it must also relieve interspecific competition for oviposition sites, and lead to a more equitable distribution of larvae
than would otherwise occur.
All the species which descend beneath the water to oviposit are
endophytic, and almost all belong to the Zygoptera. This may be
partly because mature Anisoptera do not close their wings and so
would find it difficult to break the water surface. It has been noticed
for instance that Aeshna viridis will back downwards when ovipositing until the abdomen is submerged and the hind-wings touch
the water, but usually no further (Munchberg, 1956).
Females which lay eggs under water may do so alone or in
tandem, and they frequently descend a considerable distance below
the surface and remain submerged for many minutes. Erythromma
najas will descend to a depth of so cm. or more (Robert, 1958), and
both Calopteryx aequabile (Walker, 1953) and Lestes sponsa to
3o cm. The longest recorded durations of submergence have been
25 minutes for Erythromma najas (Wesenberg-Lund, 1913) and
Enallagma aspersum (Jacobs, 1955), more than 30 minutes for Calopteryx aequabile (Walker, 1953), 55 minutes for Argia moesta (Kellicott, 1899), and 65 minutes for Enallagma cyathigerum (Robert,
1958). During submergence the wings of both sexes remain closed
1901), and thereby confine a bubble of air which usually
envelops the thorax, and sometimes, as in Diphlebia lestoides (Tillyard, 1909), the abdomen as well. This bubble is thought to provide
the oxygen necessary for respiration during submergence, and is
presumably replenished as it is used by gaseous diffusion from the
surrounding water (see Popham, 1954). Wesenberg-Lund (1913),
who experimented with Erythromma najas under conditions of
artificially-prolonged submergence, concluded that a male in
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tandem assisted the female by retaining a larger bubble of air
around her thoracic spiracles. The hydrophobe surface caused by
the waxy pruinescence which develops on the thorax and distal
part of the abdomen of certain species of Argia and Lestes could be
of importance in this respect.
When oviposition occurs in tandem, the male does not always
remain with the female throughout. In a pair watched by Kellicott
(1899), the male surfaced after 20 minutes and the female after 3o.
The female then flicked open her wings, presumably to renew the
air bubble, and immediately descended again for a further 25
minutes.
Underwater oviposition is such a highly specialised type of
behaviour that one imagines it must have considerable adaptive
value, although this need not necessarily be the same for all dragonflies which exhibit it. For instance in obligate stream-dwellers, such
as Calopteryx, it is possible that underwater oviposition may enable
the female to select vegetation which is securely rooted, and therefore unlikely to be swept downstream. Sometimes the habit may
also be of value in giving females respite from interference by males,
although this is unlikely to be one of its functions in those species
in which an elaborate courtship display precedes copulation (see
p. 169). In some species, underwater oviposition may have evolved
as a means of reducing the chances of desiccation in places where
there is (1) a marked seasonal fluctuation in water level; (2) a lack
of floating vegetation; and (3) a lack of rooted vegetation with a
cortex sufficiently impermeable to moisture. Such a combination of
conditions is not uncommon in freshwater habitats, and that it
could have influenced oviposition behaviour is suggested by an
observation made by Robert (1958). This author noticed that Lestes
sponsa, a dragonfly known to oviposit both above and below the
surface, tends to oviposit higher in those upright plants which
possess a thick cuticle. In species such as this, which show facultative behaviour, this problem could be investigated experimentally
by offering females plant stems of varying textures.
Specialised forms of oviposition are found in certain dragonflies
which inhabit thick forest. Here insect food for the adults is
abundant but, although humidity is high, there is often a shortage
of ground-pools of sufficient permanence for larval development.
Some dragonflies, as will be described later, have met this difficulty
by evolving terrestrial larvae which live amongst litter on the forest
floor. Others, however, have developed the habit of breeding in the
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water which collects in small containers, such as broken segments
of bamboo or the leaf-bases of plants. It seems likely that this
behaviour evolved first among species which bred in ground-pools.
There is, for instance, a small Oriental libellulid, Lyriothemi,s
magnificata, which at present has oviposition habits which might
be regarded as transitional in this respect : Lieftinck (1954) records
it as breeding in crevices of fallen tree-trunks, miniature leafbottomed pools, tree-holes and bamboo stumps. The oviposition
behaviour of another Oriental libellulid, Camacinia harterti, also
supports this view. A female was once seen to be attracted by a
deep hole in one of the roots at the base of a tree. She swooped
repeatedly into the cavity, passing through the hollow tree-trunk
and out at the other side. Eventually she entered the cavity, which
was about 4o cm. above the ground, and oviposited in the small
quantity of dark-coloured water which had collected there (Lieftinck, 1954). Thus, from ovipositing in small pools on the forest
floor, often amongst roots of trees, it would not seem a great departure to lay sometimes in tree-cavities or bamboos.
Dragonflies which breed in broken bamboos are known from both
the Neotropical and Malaysian Regions (Calvert, 191o; Leicester,
1903), and in the latter comprise a considerable number of species
(Lieftinck, 1954). In Africa, however, where the only indigenous
bamboos are either solid-stemmed or else highland species of small
diameter, this habit has only recently been recorded, and then in
rather exceptional circumstances which also lead to the conclusion
that it originated among ground-pool-breeders. In 1958 in Uganda,
a large libellulid, Hadrothemis camarensis, was discovered breeding
in sections of Indian bamboo which were being used for a larval
survey of sylvan mosquitoes (Corbet, 1961c). Larvae of H. camarensis, some of them full-grown, were found in a number of sections,
and in others were dead mature females. The latter had apparently
been unable to fly out after oviposition, on account of the small
internal diameter of the sections. The species was thus ill-adapted
for this type of oviposition, since females would have been unable
to disperse their eggs, or to mature a second or subsequent batch.
The normal oviposition site for H. camarensis is unknown, but it
probably lays in small, heavily-shaded ground-pools, as does the
closely-related H. coacta. It is probable that natural selection has
prevented the habit of ovipositing in bamboos or tree-cavities from
becoming a specialisation in Anisoptera, since most natural containers of this sort are too small to allow the larger dragonflies to

14

A BIOLOGY OF DRAGONFLIES

fly out after having laid in them. This is doubtless one reason why
this habit is virtually restricted to Zygoptera, some of which, even
so, have an unsually long abdomen which must help to overcome
this difficulty (Lieftinck, 1934).
In the Neotropical Region, Mecistogaster modestus, and possibly
other small Zygoptera, are specialised to oviposit in epiphytic
bromeliads (Fig. 12), which are attached to the branches of forest
trees at varying heights above the ground. Females have greatly
elongated abdomens, presumably for penetrating deeply into the

FIG. 12. Epiphytic bromeliads growing on an Erythrina branch in
Costa Rican forest. Females of Mecistogaster modestus oviposit in
such bromeliads, and the larvae live in the water which collects
between the bases of the overlapping leaves. (Redrawn after a photograph in Calvert, lot ib.)

axils of the plants, and the larvae develop in the water which
collects amongst the humus in the leaf-bases. Calvert (1911b), who
first described this association in Costa Rica, found larvae in bromeliad clumps at least as high as 4 m. above the ground. Different species
of bromeliads vary considerably in their water-retaining capacity
(Picado, 1913), and it is likely that females of M. modestus are
selective as to the species in which they oviposit. If so, then it is also
probable that their breeding sites are limited vertically, since Pittendrigh (1948) has shown that one of the principal environmental
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factors determining the distribution of epiphytic bromeliads is light
intensity. Thus, as Mecistogaster customarily flies near the forest
floor (Hingston, 1932), it probably tends to be restricted to shadedemanding species of bromeliads which would not occur at the
forest margins or near the canopy.
There are indications that M. modestus can modify its oviposition
behaviour to a considerable extent according to circumstances.
Calvert's original observations were made in Costa Rica, where
larvae live in bromeliads of the genus Aechmea. On the Pacific
coast, however, where adults are also common (Picado, 1913), there
are hardly any bromeliads, and those examined by Picado did
not contain larvae. He therefore supposed, though was unable to
demonstrate, that the larvae lived between the leaves of the Acrocomia palms which were common there. If Picado's supposition be
correct, M. modestus would appear to select its oviposition sites
according to the microclimatic environment rather than to a particular species of plant. Where bromeliads provided the sites, the
outcome would of course be the same whichever method of selection
was used, since the distribution of the epiphytes themselves is
dictated by light and humidity.
Plant-breeding Zygoptera are also known from the Malaysian
Region where several species (notably of Amphicnemis) commonly
utilise the water which collects in the leaf-bases of the palm,
Pandanus palus (Lieftinck, 1954). These dragonflies may be considered to show essentially the same ecological requirements as
Mecistogaster. In Hawaii, however, the plant-breeding habit exists
in species which are less dependent on a supply of free water. Some
members of the Megalagrion species-group oviposit in semiepiphytic lilies, particularly of the genera Astelia and Freycinetia,
which grow on the ground, on moss or on fern-laden branches
(Williams, 1936). Here specialisation seems to have been towards
colonising a protected habitat with an adequate supply of food,
since larvae in the leaf-bases may only receive an occasional wetting
and are apparently well able to survive without free water.
Mention of the Hawaiian Megalagrion brings us to consider the
ways in which normally aquatic species have adapted their oviposition habits to overcome seasonal drought. In tropical latitudes,
where seasonal drought is usually most severe in its effects, many
dragonflies pass the dry season in the adult stage, but there are
several species in relatively sheltered habitats which appear to show
oviposition behaviour adapted partly towards this end. These breed
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in temporary waters, such as ditches or forest-pools, in which there
is a danger of larvae which hatch at the end of the season being
overtaken by the succeeding drought. Such species tend to lay their
eggs slightly above the water level. Members of the genus Gynacantha, both in America (Williamson, 1923b; Calvert, 1942) and in
Africa, characteristically oviposit in moist banks a few centimetres
above the water; and in Raratonga Anaciaeshna jaspidea oviposits
in damp sandy banks and moist plants above the water level in
creeks, but apparently never in the water itself (Lieftinck, 1953b).
A species of Tetrathemis, which breeds in small, stagnant pools, has
been seen by Fraser (1932) to alight on a leaf some feet above the
water and exude an egg mass which adhered to it, and in southern
Sumatra Tetracanthagyna degorsi was observed ovipositing in a
moss-covered branch 5 m. above a forest stream (Lieftinck, 196ob).
In Uganda I have seen a small sylvan libellulid, Notiothemis
robertsi, hovering just above the surface of a pool and placing its
eggs on an exposed stone; and another exophytic dragonfly,
Gomphus pryeri, will sometimes lay its eggs on mud adjacent to
water (Eda, 196oa).
The strange ' water-flicking' behaviour exhibited by Hadrothemis
coacta (Neville, 196oa) and certain species of Orthetrum in tropical
Africa may have a similar significance. While hovering close to the
surface of a forest-pool a female uses the scoop formed by the
abdominal tergites to flick the water as much as 6o cm. through
the air onto the bank. Such behaviour could serve to verify the
presence of water, and perhaps also to wash the eggs off the
abdomen and project them to a moist site above the contemporary
water level.
In cases such as these it is probable that the eggs do not hatch
until submerged or thoroughly wetted by rain, a physiological
adaptation which would ensure that the larvae began their development at a period of high water. Experiments carried out by
Wesenberg-Lund (1913) suggest that some such mechanism for
drought resistance exists in the Palaearctic Sympetrum sanguineum.
This species commonly flies in late summer and, like the Palaearctic
S. fiaveolum (Bartenef, 1915) and the Nearctic S. vicinum (Whitehouse, 1941), may lay its eggs on grassy depressions in the ground
where no water is present. The eggs, which may be dropped from
a height of 5-10 cm., do not at first adhere to the substratum, but
roll (Robert, 1958) and thus enter situations most likely to be
inundated subsequently. Wesenberg-Lund observed females of S.

sanguineum ovipositing 5 m. from water, and dropping their eggs
onto brown patches of Hypnunz and Fontinalis moss (Fig. 13).

Postponed hatching as a means of drought resistance is found
also in Lestidae and Aeshnidae of temperate regions (see p. 33). In
several species the eggs are laid in vegetation or trees near or overhanging the water. In Lestes viridis the prolarvae hatching in
spring drop into the water, or if they land first on vegetation they
try to jump into the water by making skipping movements (see
p. 46). Doubtless much the same process occurs in the other
species. Archilestes grandis, for example, oviposits over streams in
living branches of willow and elm up to 3 m. high, but apparently
never in places where the larvae will not fall directly into water
(Williamson, 193113). It is interesting to note that endophytic
dragonflies of this type, such as Aeshna juncea, may sometimes lay

FIG. 13. Eggs of Sympetrum sanguineum lying on damp
ground amongst bryophytes. (Redrawn after Robert, 1958.)

in vegetation over a dried-up pond bed (Neville, 1959d), or even in
the pond bed itself, but when doing the former they nearly always
seem to select sites which will be over water by the next spring when
the eggs hatch. It is not known what responses enable them to do
this, although in some cases they might perhaps exercise a specific
preference for a plant, such as Typha, which will only grow where
seasonal flooding occurs.
A singular example of drought oviposition which may illustrate
the same principle of site-selection is that observed by Lieftinck
(1939) in Orolestes wallacei, a tropical lestid inhabiting woodland
regions in Java. A female was seen to oviposit in a small sapling
68 cm. high, growing in dry soil at least 15 m. from water. If this
represented typical oviposition behaviour, it seems very probable
that the female was recognising the site as a suitable one (i.e. liable
to be inundated) on the basis of the species of sapling. In a woodland
environment subject to irregular seasonal floods, such behaviour
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:ould be of considerable adaptive value, since eggs would not only
be dispersed in space, but their hatching would be dispersed in time.
Discussion so far has been devoted mainly to endophytic Odonita which can accurately place each egg in a carefully chosen site.
Ln exophytic dragonflies, which possess a much reduced or nonfunctional ovipositor, this cannot be done to the same extent, and
it is interesting to observe how such species have adapted their
oviposition behaviour to meet the demands imposed by the various
habitats they have colonised.
Exophytic oviposition seems to be primarily an adaptation to
enable a flying female to oviposit rapidly in habitats which lack
suitable vegetation. It must therefore be regarded as an important
attribute of many species which colonise temporary pools in open
country.
Most exophytic Odonata characteristically oviposit in standing
water or in very slowly-flowing rivers or canals. They usually dart
down to the water surface and make characteristic dipping movements during which the tip of the abdomen touches the water
surface so that the eggs which have accumulated at the vulva are
washed off. It is the rule for the eggs to be dislodged from the vulva
by physical contact with the water surface, but in Sympetrum sanguineum (which also lays over dry land) the eggs are sometimes
dropped onto the water from a height of several centimetres (Gardner, 195o). Similar behaviour is said to occur in the gomphid
Davidius (Eda, 196oa). Eggs laid freely on the surface like this sink
rapidly to the bottom, each enclosed in a thin gelatinous envelope.
In such a position they are relatively unfavourably placed for rapid
development, being in a zone of low temperature, light intensity
and oxygen concentration. It is therefore not surprising to find that
some exophytic dragonflies lay their eggs in such a way that they
remain at the surface of the water, where development can be far
more rapid. This behaviour is found in a simple form in Micrathyria aequalis, which settles on a floating leaf and attaches its eggs in
a broad single-layered patch to the underside (Needham and Westfall, 1955). In other species the behaviour involved is complex, and
involves the careful selection of some suitable floating object (which
will rise and fall with the water level) to which the eggs can be
attached, and which then commonly provides a focus for oviposition
by several females. One such dragonfly is Libellula depressa, the
females of which oviposit without a male in attendance (Robert,
1958). In others, such as Plathemis Lydia and Perithemis tenera, it
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is the males which select the floating oviposition site (Jacobs, 1955).
In P. tenera, males arrive at the water earlier in the clay than
females, and closely approach projecting sticks and logs and patches
of Potamogeton partly covered with algae. Each male then selects
a particular site, the darker individuals tending to choose sticks and
logs, and the lighter ones patches of Potamogeton. The chosen site
is then defended against other males. Preferred sites are those
situated near steep banks in more than 20 cm. of water, and those
which are not displaced by wind. When a female arrives, the male
approaches her and then returns slowly to the site with the female
following. Copulation ensues, after which the male again leads the
female back to the site where she then oviposits. In both Plathemis
lvdia and Perithemis tenera the attraction of females to other
females leads to communal oviposition at single sites. In the former
species it appears that the glistening masses of eggs already laid
there also attract both males and females to an oviposition site.
Such a habit of communal oviposition, although undoubtedly
making good use of a limited number of surface sites, must lead to
severe clustering of the eggs which, as Jacobs has shown, may
prevent many of them from hatching. This danger is to some extent
overcome in Perithemis tenera, in which at least a proportion of
the egg masses ' explode ' after sinking more than 2-5 cm. in the
water (Montgomery, 1937). Such a procedure would seem to offset
the advantage of oviposition at the surface, and this would appear
to be a case where a habit originally of benefit has led to an ecological drawback even more severe than the one it was first adapted
to overcome.
Species of the corduliine genera Epitheca and Tetragoneuria
appear to have been less successful in alleviating the disadvantages
of communal oviposition at the surface. Members of these genera
differ from Perithemis tenera in that the female alone selects the
oviposition site, and in that the eggs are laid combined in a gelatinous string. When ovipositing, a female T. cynosura flies down and
pulls her abdomen through the water until it touches some solid
object, usually 5-8 cm. from the point of entry. The egg-string she
has released then adheres to the solid object. One such oviposition
site usually has many egg-strings attached to it (Kormondy, 1959).
Sometimes a female may he unsuccessful in depositing the string
and may fly around with it trailing from the abdomen (Walker,
1953). In some such cases, however, she may be able to rid herself
of it by flying in a circular fashion around an emergent plant, to
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which the egg-string then adheres (Kormondy, 1959). Probably the
cleaning movements which usually follow oviposition normally
achieve this. In T. spinigera a newly-laid egg-string measures about
mm by 5 cm., but within five minutes of touching the water it
expands to about 3'/ cm. by i 1 cm. Egg-strings of Epitheca bimaculata may be considerably larger than this, sometimes being up to
25 cm. long (Robert, 1958). As Robert has pointed out, it is necessary
when giving dimensions of egg-strings to specify whether the strings
were measured when hanging, and therefore stretched by their own
weight, or when resting on a horizontal surface. Kormondy calculated that in egg-strings of Tetragoneuria there are about 525 eggs
per c.cm. Since many females tend to oviposit in one spot, there can
he over 250,000 eggs in a usual-sized aggregation of T. cynosura or
T. spinigera, and over one million in an exceptionally large aggregation of the latter. The eggs on the inside of large masses show
seriously retarded development, and only a small proportion hatch
even if freed. The number of eggs thus prevented from hatching
in a single large mass may approach tens of thousands, and it
follows that considerable mortality occurs in Epitheca and Tetragoneuria as a direct result of aggregate oviposition at the surface.
Among exophytic species which inhabit standing waters, there
are some which show a condition intermediate between those in
which the eggs sink to the bottom, and those in which they remain
at the surface. Two such dragonflies are Somatochlora metallica
and Libellula quadrimaculata, both of which lay in places where
there is vegetation not far beneath the surface and to which the eggs
adhere after sinking a short distance (Robert, 1958).
Some of the exophytic dragonflies which attach their eggs
directly to a substratum are inhabitants of running water, where
this type of oviposition can be seen as an adaptation which prevents
the eggs from being carried downstream and away from the chosen
larval habitat. The African libellulid, Brachythemis lacustris, which
despite its name, typically inhabits large rivers, settles to oviposit,
and lays its eggs in a gelatinous mass which adheres to an emergent
aquatic plant about 2-5 cm. above the water level. Such behaviour
prevents the eggs from being carried downstream, and also serves
to localise the newly-hatched larvae in relatively sheltered sites
amongst vegetation near the bank.
An extreme example of such an adaptation is shown by species of
Zygonyx. These inhabit torrents and waterfalls, often under severe
conditions of water-movement that no other dragonfly can with-

stand. Adult Zygonyx congregate at waterfalls for reproduction and
often fly in tandem through the spray. In the African species, Z.
natalensis, the female will oviposit alone. I once watched oviposition
occurring at the Ripon Falls, in Uganda, where the Nile flows out of
Lake Victoria. At the time (August, 1954) the falls were about 5 m.
high and carried a water-flow of about 670 cubic metres per second.
A female settled on a rock-face about half way down the fall at a
spot which was not being washed by any waves, but where spray
was continually falling. She then spent several minutes attaching
eggs in groups of one to five to the interstices of roots and Bryozoa
which were growing over the rock in the film of water maintained
by the spray. Throughout this operation spray was falling on her,
and her wings were constantly in motion. This thin layer of roots
and Bryozoa in the spray-zone formed the habitat for larvae of
about the first five instars; when larger, larvae lived in the water of
the fall itself. It would he interesting to know whether Planaeshna
milnei, which lays eggs in decayed wood over torrents (Asahina and
Eda, 1957), possesses larvae which can live in the spray-zone until
robust enough to enter the main current, where they subsequently
cling to the undersides of stones. Another torrential stream-dweller,
Idionyx in India, lays eggs in seepages along borders of streams,
often directly into damp sand (Fraser, 1936b).
Two other groups which lay eggs exophytically in running water
are the Cordulegasteridae and Gomphidae. These families feature
burrowing or sprawling larvae, and ovipositing females have developed specialisations towards placing the eggs on or near the
bottom.
In the Cordulegasteridae, the female hovers over the water near
the bank of a stream and plunges the abdomen vertically into the
water, thereby inserting the eggs into the sediment on the bottom.
It is presumed that the large vestigial ovipositor (Fig. 6, p. 8),
which projects beyond the tip of the abdomen, assists in this process.
Robert (1958) has noticed that, towards the end of the flying season,
females of Cordulegaster boltoni may show considerable damage to
the ovipositor, and also have up to half the abdomen discoloured.
Cordulegasterids (particularly females) have long abdomens, but
even so they would have to oviposit in relatively shallow water in
order to reach the bottom. It is possible that much trial and error
may take place, eggs being released only when the abdomen
touches the bottom, but it is more likely that a female exercises
some kind of discrimination whereby she can initially select a
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shallow part of the stream. This might be achieved by her choosing
sites of high reflectivity, such as shallow rapids, or perhaps by
measuring inwards from low-lying banks. So far, observations have
thrown very little light on this question, since ovipositing females
of Cordulegaster have been recorded as facing both towards (Whitehouse, 1941) and away from (Kennedy, 1917) the bank. However it
is interesting to note that in at least one exophytic dragonfly some
kind of distance measurement seems to take place during oviposition.
This species is Somatochlora metallica, which resembles Cordulegaster in having a vestigial ovipositor (see Fig. 8, p. 8). It sometimes
pushes the ovipositor into a mossy bank above water—when the
eggs adhere to the moss—or it may thrust it to the bottom of
shallow water. On one occasion, however, Tiensuu (1945) saw a
female hovering near a bank, which it would touch with its head
and legs and then dart backwards a certain distance and deposit
two or three eggs on the surface of the water.
In the second group under consideration, the Gomphidae, the
eggs are normally laid freely at the surface of running water, but
possess various adaptations by means of which they are quickly
arrested and become attached to objects near the bottom. These
mechanisms are described on p. 41.
The stream-dwelling adaptations shown by Cordulegasteridae and
Gomphidae are such that, even though the eggs may be laid in
rapid stretches, they will usually not be carried far from the oviposition site. Efficient though these adaptations may be, there will,
one imagines, be a constant tendency for the aquatic stages to be
moved downstream, especially during floods (see Lieftinck, 195o),
and some writers have suggested that the adult behaviour may be
directed towards compensating for this. It is of course possible that,
unless suitable habitats were widely spaced along the course of a
stream, normal adult movements resulting from random wandering
and male interaction might suffice to prevent populations moving
downstream. Or, a measure of adjustment might be achieved in
some species by females showing a tendency to fly upstream to
oviposit. It has been suggested that this occurs in Cordulegaster and
Octogomphus (Kennedy, 1917) and also in certain Oriental species
of Macromia (Lieftinck, 195o), and ovipositing females have been
recorded as flying upstream in Zygonyx (Fraser, 1936b) and
Cordulegaster dorsalis (Whitehouse, 1941). It would seem unlikely,
however, that this behaviour exists in a highly specalised form
among stream-dwellers. Larvae seem to remain close to the ovi-

position site on the whole (Lieftinck, 1941; Zahner, 1959), and if
upstream flights of adults occurred regularly this might lead to
overpopulation in the upper reaches of a watercourse. The available
evidence indicates that dragonflies only inhabit running water if
the aquatic stages possess adequate means for preventing their being
swept an appreciable distance downstream. Moreover, Zahner (196o)
has been able to show that in Calopteryx splendens the males are
indifferent to water-movement when selecting territories, and the
females when ovipositing. Hence, at the present state of our knowledge, we should not take it for granted that adult stream-dwelling
Odonata can discern that water is flowing (save when ripples break
the surface) or that they can recognise the direction of its flow.
Since oviposition often provides an immediate sequel to mating,
it tends to occur at the time of day that sexual behaviour takes
place. This may be in the warm noon hours, as in Aeshna viridis
(Miinchberg. 1956) and Epiophlebia superstes (Asahina and Eda,
1958); in the late afternoon, as in species of Tetragoneuria (Wilson,
1909; Kormondy, 1959); in the twilight periods as in Somatochlora
charadrea (Williamson, 1922) and Aphylla (Byers, 193o) or even
sometimes in complete darkness, as in Somatochlora metallica
(Geest, 1905) and Enallagma vesperum (Robert, 1939). The Corduliidae in particular tend to oviposit near dawn or dusk.
When mating activity occurs at the same time and place as oviposition, females are liable to be disturbed during oviposition by
the sexual attentions of the males. Several types of behaviour appear
to reduce this interference. Some of these, which involve localisation
and territorial behaviour of males, are discussed in Chapter VII.
Here we are concerned only with those related to oviposition
behaviour itself. In some species this may be modified in accordance
with the likelihood of interference. Thus if males of Cordulia aenea
are common, the females act furtively and seek relatively inconspicuous oviposition sites; and under similar conditions females of
Libellula depressa may leave the water after copulation and return
to oviposit later (Robert, 1958). In general, however, females remain
to oviposit at the mating site, and male interference tends to he
reduced in other ways, of which the principal one appears to he the
continued association of the male with the female after mating.
This may take the form of the male retaining hold of the female
with his abdominal appendages, as in the act of tandem oviposition
(Figs. 14-16), or of the male showing ' guarding' behaviour near
the ovipositing female.
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FIGS.

14-16. Postures adopted by dragonflies during tandem oviposition.
14. Sympetrum striolatum. 15. Coenagrionpuella. 16. Lestes sponsa. The
female C. puella is laying in a flower spike of Potamogeton natans; the male
is inactive and is supported only by his grip on the female's prothorax.
(From Gardner, 1956.)
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Jacobs (1955) suggested that the main function of tandem oviposition in Enallagma aspersum is to reduce male interference. By
retaining his hold of the prothorax of the female after copulation,
the male prevents other males from seizing her and thereby disturbing oviposition. When the female descends beneath water, the
male releases his hold and remains perched or hovering over the
spot where she descended, and until she surfaces again he shows
territorial behaviour in dashing at any other males which enter
the area. Jacobs drew attention to the fact that the incidence of
tandem oviposition among dragonflies is inversely related to the
degree of territorial behaviour they show.
The habit of ovipositing in tandem is common among Zygoptera,
although in no species does it appear to be obligatory. That it is less
frequent in Anisoptera may be because male interference with
oviposition tends to be alleviated in other ways. In certain of the
smaller species, mainly Libellulidae, which oviposit in flight, the
male shows guarding behaviour, hovering above the ovipositing
female and dashing at other males when they approach her. This
can be regarded as a functional substitute for tandem oviposition
which is perhaps even more effective. For even in those libellulids
(mainly species of Sympetrum) which oviposit in tandem other
males will sometimes grasp the pair (Lang, 1920; Moore, 1952b),
whereas if the associated male is free to chase the intruder this is
less likely to occur. Among the larger Anisoptera it usually happens
either that mating and oviposition occur at different times or places,
or that males do not respond to females while they are ovipositing.
These questions are discussed further in Chapter VII. Here it should
be mentioned that there are certain species of Aeshnidae which are
exceptional in that they sometimes oviposit in tandem. These
include Aeshna affinis (Schiemenz, 1952), Anax Junius (Calvert,
1934; Whitehouse, 1943), A. parthenope (Bilek, 1953), A. strenuus
(Williams, 1936) and Hemianax papuensis (Tillyard, 1916a). It
would be worthwhile investigating the circumstances in which
these species show such behaviour. Perhaps it may occur when
density is unusually high, and the possibility of interference correspondingly greater.
The possible respiratory significance of tandem oviposition in
those species which oviposit under water has already been
mentioned, but there is one further aspect which should be referred
to in this chapter. In certain libellulids the male may make dipping,
or oviposition' movements both when alone and when attached to
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an ovipositing female (Moore, 1952b). This is interpreted by Moore
as displacement behaviour. Attached males exhibit such movements
in Sympetrum striolatum and probably also in S. flaveolum and S.
danae (Muller, 1871). Thus, although females of exophytic dragonflies are known to be able to oviposit alone, it appears that, as
Tiimpel (1901) suggested might be the case in Orthetrum cancellatum, males may actively stimulate females to oviposit while
attached to them.
In Perithemis tenera males probably play a part in reducing
mortality among ovipositing females. In this species, as previously
mentioned, exophytic oviposition takes place on surface objects,
examination and selection of the oviposition sites having been
carried out beforehand by the males. Jacobs (1955) noted that males
examining sites were sometimes killed by spiders (Dolomedes), bugs
(Belostoma), fishes and frogs, and that if this happened after male
localisation had become stable, the vacancy left by the deceased
male might not be filled for hours. In this way attraction of females
to dangerous sites was halted, and their survival enhanced accordingly.
Mortality during oviposition may result directly from predation,
or indirectly from physical damage incurred during the act of oviposition. Almost all the predators recorded at this time have been
surface-feeding fishes, amphibians or insects. Birds are rarely
involved, although Williamson (1923b) has reported that yellowbilled flycatchers sometimes catch females of Gynacantha mexicana while they are ovipositing in cattle-tracks, a circumstance
perhaps resulting from the exposed nature of the site, and from
the fact that the dragonflies would have settled on the ground.
Mortality due to predation during oviposition is probably heavier
in endophytic, than in exophytic dragonflies, and the former would
also appear to suffer heavier mortality due to physical damage. As
we have seen, such damage can occur in Uropetala carovei and
Aeshna viridis when their wings come into close contact with the
plants in which they oviposit.
The ovaries of Odonata are of the panoistic type, and are capable
of maturing successive batches of eggs. The number of undeveloped
follicles in each ovariole provides an indication of the maximum
number of batches a female might lay were she to survive long
enough. I have counted at least five follicles per ovariole in Phyllogomphus orientalis, 12 in Hadrothemis defecta pseudodefecta, and
is in Umma saphirina and Crenigomphus renei. Counts in three

of these species were underestimates, since all the females except
that of C. renei had already laid eggs before being examined, a fact
determined by the presence of follicular relics in the lumen of the
ovary (Figs. 17-18) (Corbet, 196113). Counts of follicles might perhaps be used to estimate the physiological age of female dragonflies,
since, if follicles are used but not replaced during adult life, the
number of egg-batches already laid could be calculated by subtracting the number of follicles still present from the known complement
of the newly-emerged female.

FIGS. 17-18. Follicular relics in the ovaries of females

which have already laid eggs. 17. Hadrothemis defecta
pseudodefecta: basal portion of a detached ovariole,
containing several follicles in different stages of maturation, and a follicular relic (a) degenerating after ovulation of a mature oocyte. IS. Umma saphirina: a single,
annular follicular relic, removed from lumen of ovariole.
Greatly magnified. (Original.)

Under natural conditions females apparently continue to mature
successive batches of eggs throughout adult life, though probably
few, if any, survive to lay their full potential. The most extensive
information existing on this point is that collected by Jacobs (1955)
for the libellulid Perithemis tenera, in which it was found that
some females could return to oviposit as many as 34 days after first
doing so (Table I). In another species, Plathemis lydia, Jacobs recorded one female which oviposited in the same pond seven times
in 22 days. Comparable data, also based on recaptures of marked
individuals, are available for the coenagrionid, Pyrrhosoma nymphula. In this species, observed during two sucessive seasons, the greatest recapture intervals for females over water were 19 and 36 days,
respectively (Corbet, 1952 and unpublished). A critical study of this
question was made by Grieve (1937) who kept Ischnura verticalis
under observation in cages. Females first oviposited up to ten days
after emergence, and thereafter at successive intervals of about five
days. One female lived for 34 days during which time she laid five
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doubtless be ousted by new arrivals well before this artificial state
TABLE I
Observed intervals between first oviposition and repeated oviposition
of 603 marked females of Perithemis tenera (from Jacobs, 1955)
Days after first
oviposition
2

3
4
5
6
7
8
9
10
11
12

13
14
15
16-2o
21-25
26-3o
31-34

Number
repeating
74
102
8o
67
48
28

35
34
23

Percent.
repeating
12.3
16.9
13.2
11.1
8.o
4.6
5.8
5.6
3.8

22

3.6

13
13
14
lo

2.2

II

17
8
3

■

was reached.
The number of eggs which mature in each batch is difficult to
determine accurately except by dissecting mature females which
have not yet oviposited, and counting the number of terminal
follicles. Using this method, Grieve (1937) found that Ischnura
verticalis could mature up to 40o eggs simultaneously. Counts of
eggs which are based on the numbers laid by females after capture
will in most cases be underestimates, since part of the batch is
likely to have been laid already. Only when a whole batch is laid
at once, as in the egg-strings of Epitheca and Tetragoneuria, can
such counts be accepted as complete. Even minimum counts can be
informative, however, and the records assembled in Table II are
sufficient to show how widely dragonflies can vary in the number
of eggs they lay.

2.2

2.3
1.7
1.8
2.9
1.3
0 .5
0.2

batches, her total production being about 165o eggs. She copulated
only once, but all the eggs she laid were fertile.
Although it is known that individual females may mate several
times, sometimes within the space of a few minutes, it is likely that,
as in Ischnura verticalis, a single act of copulation is sufficient to
fertilise all eggs which subsequently develop. It has been noted, for
instance, both in Perithemis tenera (Jacobs, 1955) and in Crocothemis erythraea (Aguesse, 1959b), that females ovipositing alone
or those captured away from water, can lay fertile eggs. One factor
which would theoretically influence the number of copulations required to achieve fertilisation is the potency of the males, which
under experimental conditions declines with repeated mating
(Jacobs, 1955). However, as males defend their territories with
decreasing vigour after successive matings, in nature they would

TABLE 1 I
The number of eggs laid in single batches by different species of
dragonflies
Species
Comphus externus
Epitheca bimaculata
Tetragoneuria cynosura
Somatochlora metallica
Pantala flavescens
Epiophlebia superstes
Libellula fulva
Tetragoneuria spinigera
Leucorrhinia dubia
Aeshna isosceles
Sympetrum danae
S. sanguineum
S. striolatum
Procordulia artcmis
Perithemis tenera

Number of
eggs laid
5,200
Needham and Heywood, 1929
Robert, 1958
1 ,924 b
Kormondy, 1959
,o6o bI
Authority

Robert, 1958
Warren, 1915
Asahina and Eda, 1958a
Robert, 1958
Kormondy, 1959
Robert, 1958
Robert, 1958
Gardner, 195o

900
816
600-i,000
Soo-boo
524 b
200-300
2 43

2 33
200 a

200 a

Licftinck, 1933
Jacobs, 1955

a known to be less than whole complement
b egg-string
c female caught mating

d average of 13 unusually productive females

I 50 a
50"
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The ability to mature successive batches of eggs would appear to
be of adaptive value in a species such as Perithemis tenera, in
which individual females live long enough to oviposit several times,
but presumably not in one like Uropetala carovei, in which, according to Wolfe (1953), very few females survive the first oviposition. A
species such as the latter, which suffers heavy mortality during
oviposition, would clearly be best adapted if it could lay its total
potential of eggs in a single batch. Accordingly, it might be
expected that such a species would have many ovarioles, each with
very few follicles. Wolfe states that U. carovei may lay between
40o and boo eggs, but gives no information as to the number of
batches or of follicles per ovariole. It would be interesting to determine whether any relationship exists in different dragonflies between the ovariole/follicle ratio and the longevity of the adult
female during the reproductive period.

CHAPTER II
THE EGG STAGE

I

DRAGONFLY eggs must be fertilised during the act of oviposition,
since fully-formed ones removed by dissection from a female which
has mated will not commence development. Fertilised eggs usually
turn reddish-brown within about 24 hours after having been laid
whereas those which are sterile remain cream-coloured.
The ecological significance of the egg stage finds expression in
its duration. This is because, in habitats which are only intermittently suitable for larval growth, it is often the egg which is adapted
to survive the inclement period. Thus dragonfly eggs fall into one
of two types : those which hatch promptly, and those which hatch
only after a prolonged period greatly exceeding that needed for
normal morphological development. Eggs of these two types may
be said to show direct, and delayed development, respectively. (For
the morphological aspects of embryonic development reference may
be made to the comprehensive bibliography given recently by
Ando (1955, 1957)•
Direct egg development occurs in the majority of Odonata, and
evidently represents the less specialised condition. The main factor
determining the rate of development is almost certainly temperature, although there are indications that light intensity may
sometimes be important also (Portmann, 1921). Although surprisingly few data exist to demonstrate this, it can be assumed that
eggs showing direct development have a positive thermal coefficient
for growth, that is to say their rate of development increases with
a rise in the ambient temperature. Two examples will illustrate
this point. At 20°C, eggs of Epiophlebia superstes require about 3o
days for development, and at 25.5 ° C about zo days (Asahina, 1950),
In Hemicordulia tau, eggs develop in 20 days when kept at temperatures fluctuating between 7.8 and 24.4 ° C, in ten days at a steady
temperature of 21.1°C, and in only six days at 29.4°C (Hodgkin
and Watson, 1958). Further research into this subject would be
rewarding, both because thermal coefficients for egg development
31

32

A BIOLOGY OF DRAGONFLIES

probably differ considerably from one species to another, and because these differences provide a reflection of the ecological conditions the species encounter. In temporary habitats, for example,
the aquatic stages require a much greater capacity for accelerating
their development in response to rising water temperature than
elsewhere (see p. 93).
Little is known of the duration of the egg stage in tropical species
beyond the fact that, as might be expected, it can be very short.
The three dragonflies which have been recorded as having eggs
which can hatch after only five days all have a tropical distribution.
These are Pantala flavescens (Warren, 1915), Diplacodes haematodes
(Tillyard, 1917a), and Tramea lacerata (Bick, 195 b). In the light of
what has been said above, it is significant that these species are all
inhabitants of temporary pools.
Numerous records exist of the duration of egg development in
temperate regions, though very few have been made under controlled conditions. It appears that eggs of most species showing
direct development hatch from two to five weeks after having been
laid. In a pond in southern England, during three successive years,
the average minimum duration of the egg stage of Anax imperator
at the beginning of the season was about 24 days, with a range of
22-26 days (Corbet, 1957d). In southern France, under laboratory
conditions of fluctuating temperature which would approximate
to those in a shallow exposed pond, eggs of Crocothemis erythraea
hatched in 13 days, and those of Sympetrum meridionale (kept at
a slightly lower temperature) in about 22 days (Aguesse, 1959a).
And at a constant temperature of 21 °C, a value considerably below
what the species would experience in nature, eggs of Sympetrum
fonscolombei hatched in 21 days (Gardner, 1951a). These examples
are typical of the many other species for which less precise records
exist.
Eggs laid by a single female on the same day can show considerable individual variation in their rates of development. Lamb
(1925) has recorded that eggs of Pantala flavescens from a single
laying hatched over a period of 35 days, and Lieftinck (1933) found
this period to be 31 days for Procordulia artemis. In species of
Epitheca and Tetragoneuria, which deposit egg-strings, this variation may be even greater (Bath, 1890), doubtless because the innermost eggs in the string do not develop as rapidly as the others
(Kormondy, 1959). The hatching curve of Tetragoneuria cynosura
(Fig. 19) is probably representative of most species in which the
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FIG. 19. Daily hatching rate of eggs in a single egg-string of Tetragoneuria

cynosura. Hatching began is days after oviposition, and continued for 40
days. (Redrawn after Kormondy, 1959.)

eggs are laid in a string or cluster. Here the peak of hatching falls
near to the minimum duration of egg development, and there is a
relatively small proportion of eggs in which hatching continues
very slowly. In those species which disperse their eggs well, the
range of the hatching curve is apparently very much less. Aguesse
(1959a) found that 96% of a batch of Sympetrum meridionale eggs
hatched in 22 days, and that all of a batch of Crocothemis erythraea
hatched in 13 days.
Almost all the known cases of delayed egg development are found
among species of Lestidae and Aeshnidae, and they include temperate as well as tropical representatives of these families. It seems
likely that this phenomenon originated in the tropics as an
adaptation to seasonal drought, and that it was retained as a feature
of the life-history in forms which colonised temperate regions,
where it has since become modified to serve the additional function
of surviving the winter. Thus, in higher latitudes, delayed development is usually found in dragonflies which oviposit in late summer

A BIOLOGY OF DRAGONFLIES
34
in ponds liable to dry up then. If these habitats fill with water in
autumn, however. the eggs do not hatch, but remain in a resting
condition until the following spring.
As mentioned in the preceding chapter, the dragonflies which
lay drought-resistant eggs in the tropics probably include most
species of Gynacantha, many species of Lestes and allied genera
(Kennedy, 1942), and perhaps certain libellulids such as Tetrathemis, Notiothemis and Orthetrum. Their egg-laying habits
strongly suggest that hatching is delayed until the eggs are
sufficiently wetted. It must be emphasised, however, that, as far as
I know, no experiments have yet been carried out on eggs of these
species; therefore this supposition still needs to be confirmed.
There are probably very few species in temperate regions in
which the egg serves solely to resist drought, although some of the
Palaearctic Sympetrum which lay their eggs on the soil may be
among them. In Denmark, in early September, Wesenberg-Lund
(1913) saw females of Sympetrum sanguineum ovipositing in
depressions in the ground 5 m. from the nearest water. In nature
these eggs remained dry until first covered with water in midNovember. They were then under ice from December through
February. However, when eggs were collected at fortnightly intervals from September until December and immediately placed in
water at laboratory temperatures, they invariably hatched after
about eight days. There can be little doubt from this experiment
that, in the earlier collections at least, it was the submergence of the
eggs which was causing them to hatch, since environmental temperatures during September would have been above the threshold for
hatching. Similar responses seem to exist in eggs of S. flaveolum
which, if laid direct into water in autumn hatch forthwith, but
which, if not submerged until spring (as often happens), postpone
hatching accordingly (Robert, 1958).
Observations have been made on Sympetrum sanguineum in
Britain which show, either that a different physiological race exists
there, or else that the hatching response is not simply related to
wetting. Some batches of eggs (all of which were kept in water
throughout) have hatched after 22 days (Gardner, 1950), but others
only after 129-149 days (Longfield, 1956) or even longer (Lucas,
1900). This has led Gardner (1951b) to suspect that the rate of
development of the eggs may depend upon when they are laid, and
that those laid in August will hatch directly, whereas those laid in
late autumn will overwinter. Robert (1958), also, has implied that a
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similar situation may exist in S. striolatum. Such an arrangement
is not uncommon among arthropods (Lees, 1955) but is usually
encountered only in animals which complete two or more generations annually. In those species which have been studied experimentally, it is the photoperiod experienced by the ovipositing
female that generally determines whether her eggs will show direct
or delayed development. It would he rather surprising, however, to
find such a mechanism in S. sanguineum, in which there seems to
be no obvious ecological need for it, unless it might be that the
earliest larval instars do not survive well at winter temperatures,
and that the existence of this species near the northern limit of its
range might therefore depend upon some such facultative response
being evolved. If this were to be so, S sanguineum could be regarded as a transitional form in which a drought-resistant egg is in
process of becoming adapted to overwinter as well.
It has long been known that certain dragonflies in temperate
latitudes lay overwintering eggs (e.g. East, 1900b; Needham, 1903b;
Wesenberg-Lund, 1913), and it is eggs of this type which may be
said to exhibit delayed development. Such eggs usually develop
quickly up to a stage at which blastokinesis has been completed
and the embryos possess fully differentiated appendages; but they
then.remain in that condition without further visible development
for a long time. Eggs in this resting condition will not hatch even
if ambient temperatures are high enough to permit them to do so,
thus showing that the arrested development is a condition of diapause and not a simple dormancy induced by low temperature. It
is important to distinguish clearly between these two phenomena.
In Uropetala carovei, for example, eggs laid in summer hatch in
21-25 days, but those laid in autumn take longer to develop because
of the lower temperatures then, and some of them may not hatch
until the following spring (Wolfe, 1953). Similarly, eggs of the
European Gomphus flavipes laid in July hatch in the same year,
whereas those laid in later months do not do so until the following
spring (Robert, 1958). In both these species it is almost certainly
the sub-threshold temperatures that are postponing hatching. and
thus they must he regarded as cases of temperature-induced dormancy, and not of diapause.
Diapause represents an obligatory period of delayed development
which is often terminated most rapidly after exposure to low
temperatures. Andrewartha (1952) showed that diapause in the egg
of the grasshopper, Austroicetes cruciata, can be regarded as a
THE EGG STAGE
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by Krull (1929). Eggs which were collected on 1 4th and i5th August,
and kept at room temperature, hatched between 9th October and
3oth January, that is at least 55-168 days after having been laid.
When, however, eggs were kept in an outside pond at environmental
temperatures during the winter, they all hatched in a synchronised
fashion within two days of being removed to warmer temperatures
in mid-March.
It should be mentioned here that the hatching responses and
survival of eggs of Lestes sponsa at different temperatures recorded
by Fischer (1958) must not be interpreted as providing data on the
thermal coefficient of diapause development in this species. The
question of diapause seems not to have been taken into account in
Fischer's experiments but, as the eggs she studied were collected
in nature in late January, they had presumably already completed
diapause development, which would therefore not have affected the
responses observed. Fischer's results indicated that eggs at this
stage tended to survive sub-zero temperatures better in ice than in
air.
The experiments on diapause development in Lestes sponsa,
undertaken by myself (1956c) and described above, were carried out
on eggs which had been laid under water, and which were kept
submerged throughout the period of observation. On the other
hand, several species of Lestes in temperate regions habitually lay
their eggs above the water (see Nielsen, 1954), apparently as a
drought-resistant measure, and in such species it is possible that
diapause termination may be more complex than in L. sponsa,
perhaps being influenced also by wetting. This is suggested by
observations made by Needham (19o3b) on two Nearctic species,
L. dryas and L. unguiculatus. Eggs of these species are laid well
above the water, near pools which dry out every summer. They
reach an advanced stage of morphological differentiation in two to
three weeks, and then remain through the summer and autumn
without developing further. In late autumn, the pools fill up and
the dead plant-stems containing the eggs fall into the water. Needham found that eggs he collected in mid-July and in mid-October
were both in the same stage of morphological development. In
October, when he submerged eggs in the laboratory for the first
time, they hatched without delay. Since Lestidae commonly have
aestivating eggs, a likely interpretation of this result is that diapause development had been completed by October, and that
hatching was then induced by wetting at an adequate temperature.
THE EGG STAGE

A BIOLOGY OF DRAGONFLIES

-36

developmental process which has an inverted temperature coefficient
compared with that for normal growth. This process, which he
termed diapause development ', is thus completed more rapidly
at low temperatures than at high ones. Preliminary experiments on
the egg of the dragonfly, Lestes sponsa, have shown that its diapause
is fundamentally similar to that in Austroicetes (Corbet, 1956c).
If eggs of Lestes sponsa, which have first been allowed to complete
normal pre-diapause development, are maintained at a constant
temperature of 20°C, they hatch slowly and irregularly after 98-217
days. If instead such eggs are subjected to to°C for 15 weeks and
then returned to 20°C, they hatch quickly and regularly after only
4-21 days (Fig. zo). These experiments have indicated that in this
20 •

200

Days after exposure to 20 * C
zo. Hatching curves of eggs of Lestes sponsa in which diapause development had previously been completed (A), and in which it had not (B). There
is a marked difference in the degree of synchronisation shown by the two
groups. (Redrawn after Corbet, 1956c.)

species diapause development probably proceeds most rapidly at a
temperature near to to°C. In nature the diapause has the following
effect : eggs laid in summer complete pre-diapause development in
about two weeks, but then develop extremely slowly because temperatures are high. In autumn, temperatures fall to about io°C
whereupon diapause development is rapidly completed. Hatching
cannot take place, however, since temperatures are now below its
threshold, which is probably near to 4°C (see Fischer, 1958). In
this way hatching is postponed until spring, when it occurs in a
synchronised fashion.
Another dragonfly which appears to have a diapause in the egg
resembling that of Lestes sponsa is Sympetrum obtrusum, studied
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Presumably these eggs would not have hatched in October in the
field because temperatures were too low then. It is reasonable to
expect that overwintering eggs laid above the water near temporary
pools would require wetting as a hatching stimulus, even though
they might also possess a temperature-dependent diapause. Not only
would such a response increase the likelihood of hatching being
postponed until water was present in the nearby pool; it would also
ensure that there existed a moist environment in which the prolarva could make its way to the water. If this supposition be correct,
it would be interesting to know how soon after laying wetting can
cause hatching in eggs of this type. There is no doubt that, in the
overwintering eggs of dragonflies, there is a rich field for future
investigation, and one that might considerably increase our understanding of the evolution of diapause.
The shape of Odonata eggs is related to the way in which they
are laid. Those of endophytic species are elongate and cylindrical,
and those of exophytic species broad and elliptical (Figs 21-25).
Within each of these two types, eggs show very little variation in

22

23

24

25

FIGS. 21-25. Shapes of dragonfly eggs. 21. Tramea lacerata.
22. Anax imperator, showing the blade-like cone (a) investing
the anterior pole. 23. Perithemis tenera. 24. Hagenius brevistylus, showing the thin gelatinous investment. 25. Coenagrion hastulatum, showing the membranous funnel (b)

around the anterior pole. (21, 23 and 24 redrawn after Needham and Westfall, 1955; 22 redrawn after Corbet, 1955c; 25
redrawn after Gardner, 1956.)
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shape although in a few exophytic dragonflies, such as Epitheca
bimaculata (Robert, 1958), species of Zyxomma (Lieftinck, 1931)
and Tholymis tillarga, they are unusual in being somewhat
elongate. Despite their constancy of shape, however, eggs of some
species possess structural modifications of great interest.
In eggs of certain endophytic dragonflies, the chorion extends
beyond the anterior pole in the form of a blade-like projection
(Fig. 22). This feature occurs in several species of Anax (see Corbet,
1955c), in Hemianax ephippiger (Gambles, 1954), and in Aeshna
isosceles (Gardner, 1955), a species considered by some to belong to
the genus Anaciaeshna. In Anax imperator, Robert (1939) showed
that this blade-like structure was a truncated, open cone, with its
base enveloping the egg and its apex free. He suggested that this
cone served either as a sheath through which the prolarva could
pass when hatching, or else as a blade which might prevent imprisonment of the egg by overgrowth of the surrounding plant
tissue. It is now known that the prolarva passes through the cone
at the time of eclosion (Corbet, 1955c), but the function of the cone
in preventing imprisonment still requires confirmation. It would
appear significant that Aeshna isosceles and species of Anax are
exceptional among the Aeshnidae of higher latitudes in that their
eggs show direct development, and therefore hatch before the decomposition of the plant tissue surrounding them. It would be
instructive to see if a cone is present in the eggs of other Aeshnidae
which show direct development, such as Brachytron pratense
(Munchberg, 1931). A cone is not found in eggs of many Coenagrionidae which would appear to have the same needs; but one
reason for this may be that they are not laid so deeply within the
plant tissue. Also, in some Zygoptera which lack a cone, the egg
itself may be able to push its way through the incision made by
the female's ovipositor in the plant stem, and in this way prevent
damage to the delicate prolarva. During the hour or so before
hatching, the egg of Ischnura verticalis slowly moves so that about
an eighth of its length projects out of the stem (Grieve, 1937). In
this way the prolarva can hatch unimpeded. It may he that such
movements are impossible in larger endophytic dragonflies and that
a cone is required instead. Another possible function of the
cone, and one it clearly serves in Anax imperator (Plate I), is to
anchor eggs which have been laid in thin floating leaves, such as
those of Potamogeton natans (Corbet, 1957d). Possibly eggs of small
Zygoptera would not require such a device since they would not
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project so far beyond the tissue of the leaf. A structure is found on
the eggs of Coenagrion hastulatum and C. puella, which though
different from a cone in form, may serve a similar function. This
is a funnel-shaped membranous sheath which encloses the anterior
pole (Fig. 25, p. 38) (Gardner, 1954a). It is not yet known whether
the prolarva uses it as a passage during eclosion.
Some of the most interesting modifications in the eggs of Odonata
are those found in exophytic species which oviposit in running
water. In many species of Gomphidae, the eggs are laid freely at
the water surface, and in some, such as Onychogomphus nilgiriensis,
they may be dropped into a stream from a height of a foot or more
above it (Fraser, 1934). In such dragonflies, some adaptation would
be expected in the egg to prevent its being swept too far down-

PLATE I

Anax imperator. Two eggs in a leaf of Potamogeton natans. The
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28

leaf was rolled as a cylinder when they were laid, and unfolded later. Each egg is anchored by the blade-like cone which
surrounds its anterior pole. The incisions made by the ovipositor of the female arc clearly visible. (Photo: S. Beaufoy.)

29
Fins. 26-29. Eggs of exophytic, riverine Anisoptera,
showing the means by which they become attached
to the bed of a watercourse. 26. Onychogomphus
forcipatus, with the basal jelly not yet expanded.
27. Gomphus descriptus, showing the gelatinous
investment, probably after laying. 28. Cordulephyn
pygmaea, showing the pitted exterior and the gelatinous cap surrounding the posterior pole. 29. Cornphus pulchellus: several eggs stuck to a stone by
the basal gelatinous cap which has expanded on
contact with water. (26 and 29 redrawn after Robert,
1958; 27 redrawn after Needham and Westfall,
1955; 28 redrawn after Tillyard, 1911b.)

Anax imperator. Final instar larva consuming an earthworm.

The labial palpi retain their hold of the prey, and feed it to the
mandibles. Note the large compound eye and long labium,
both characteristic features of weed-dwellers, and also the
sharp anal spines which are swung forwards to stab the prey
if it struggles violently. (Photo: S. Beaufoy.)
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stream. In several stream-dwelling Anisoptera, particularly Gomphidae, the eggs are invested with a gelatinous substance which
expands and becomes adhesive on contact with water. This is doubtless homologous with the similar substance by means of which the
eggs of certain species which inhabit standing water adhere to
floating or submerged plants. In stream-dwelling forms, however,
a series can be recognised in which this gelatinous investment undergoes progressive localisation and specialisation to form an intricate
adhesive organ situated on the posterior pole. In its simplest form,
as in Hagenius brevistylus (Fig. 24, p. 38) or Gomphus descriptus
(Fig. 27), this jelly is evenly distributed around the egg, except at
the anterior pole, which must of course he left free so that hatching
is unimpeded. In Onychogomphus forcipatus (Fig. 26) and Phi,llogomphus orientalis, the jelly is concentrated around a small projection on the posterior pole, whereas in Cordulephya pygmaea
(Fig. 28) and Gomphus pulchellus (Fig. 29), it forms an adhesive
disc. In G. pulchellus, and probably C. pygmaea also, this disc
expands rapidly on contact with water and anchors the eggs in an
upright position if they touch a rock or stone on the stream-bed
(Robert, 1958). An adhesive disc of this kind is essentially similar
to that found on the eggs of certain fishes which breed in small
streams (see Greenwood, 1955).
An adhesive specialisation of an advanced type has recently been
discovered by Gambles (1956a) on the egg of Lestinogomphus
africanus, a small gomphid which inhabits swiftly-flowing streams
in tropical Africa. Each egg possesses at the posterior pole a single,
very long, tightly-coiled filament (Fig. 3o). When the egg leaves the
body of the female, this filament is coiled into a cap covering the
end of the egg, but on contact with water it rapidly uncoils and is
then liable to become entangled with anything it touches. When
uncoiled (Fig. 31), the filament is about 3o mm long, thus being
about 46 times as long as the egg itself. It then serves as a grapplinghook to arrest the passage of the egg downstream.
This discovery by Gambles of what is clearly a specialised currentresisting adaptation opens up fascinating avenues for research into
the ecology and systematics of the Gomphidae. It provides a means
for recognising riverine ancestry in forms which may now be found
in standing water. For example, a somewhat similar device exists on
the egg of Ictinogomphus ferox, a large African gomphid which
inhabits rivers and also the open shores of lakes. In I. ferox there
are many slender filaments on each egg, these being tightly coiled
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Fics. 32-33. A current-resisting adaptation in the egg of Ictinogomphus ferox. 32. Egg before being laid, showing the cone of
filaments tightly coiled at the posterior pole (figured uppermost).
33. Egg after contact with water, with filaments expanded. The
egg alone is about t.o mm. long. (Original.)

Fics. 30-31. A current-resisting adaptation in the
egg of Lestinogomphus africanus. 30. Egg before
contact with water, the filament being tightly coiled
around the posterior pole. 31. Egg after contact with
water, the filament being expanded (distal portion
of filament, and pitting of chorion omitted). The
egg alone is about 0.7 mm. long. (From Gambles
and Gardner, 1960.)

into a shape resembling a cone of yarn (Fig. 32). The expansion of
the filaments in this species (and doubtless in Lestinogomphus africanus also) must be brought about by osmosis, since eggs removed
from the body of a dead female expand their filaments if placed in
distilled water (Fig. 33) but not if placed in normal saline solution.
In I. ferox the cap of filaments is presumably a product of the follicular cells, since eggs with fully-formed caps can be found within
the central lumen of the ovary.
The principal factor causing mortality among dragonfly eggs is
probably desiccation. This will presumably affect exophytic species

to a much greater degree, and will of course vary greatly in severity
according to the climate. The extent to which other animals (if any)
regularly prey on eggs of dragonflies is not known. Eggs of endophytic species have occasionally been recovered from stomachs of
insectivorous fishes (see Corbet, 1961 a), but it is unlikely that they
could have been discerned by the fishes and eaten on purpose.
The only detailed knowledge of mortality in the egg stage appears
to be limited to accounts of parasitism by small Hymenoptera
belonging to the families Mymaridae, Tetragrammidae and Trichogrammidae (see Miinchberg, 1935; tarry, 196o). As far as is known,
these minute wasps only parasitise endophytic Odonata. To do this
the females swim or climb beneath the water to search for the eggs
in submerged plants, or, as in Anagrus incarnatus parasitising
Lestes viridis, they may look for them in branches well above the
water. A searching female appears to use tactile responses to locate
the eggs inside the plants, and to verify that they contain embryos.
Having done this she usually lays one of her small complement of
eggs in each egg of the host. Prestwichia solitaria, which infests
both Coenagrionidae and Aeshnidae, is said to lay one egg in a
small host and two or three in a large one, but it is not known how
widely this principle applies.
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The eggs and larvae of the wasp develop quickly, and the adults
emerge from near the middle of the dragonfly egg, leaving a round,
irregular hole in the plant stem, quite distinct in appearance from
the incision made by the ovipositor of the female dragonfly. Thus
it is sometimes possible to see whether or not a group of endophytic
eggs has been parasitised without removing them from the plant. A
clear illustration of such exit holes, associated with eggs of Platycnemis pennipes, has been given by Robert (1958).
Little host-specificity seems to be shown by these Hymenoptera.
The wide range of hosts parasitised by Prestwichia solitaria has
already been mentioned, and Needham (i9o3b) found three species
of three genera infesting eggs of North American species of Lestes.
The mortality caused by such parasitism may be considerable
under certain circumstances. Needham recorded a high incidence
among the eggs he collected, while Jarry (196o) found I i% of a
sample of Lestes viridis eggs to be parasitised. The ecology of this
relationship is complicated, however, by the fact that hyperparasites
are also involved (Needham, 19o3b).
A few minutes before a dragonfly egg hatches, convulsive pumping movements occur within the head of the embryo. These
pulsations were originally believed to be caused by the action of a
special hatching organ, the ' cephalic heart ', but it is now known
that they result from the embryo swallowing amniotic fluid (Grieve,
1937; Wolfe, 1953). Such a process occurs frequently in insects just
before hatching, and is believed to enable the embryo to exert the
necessary localised pressure to rupture the egg-shell at the anterior
end.
A possibility to which future observers might give attention is
that hatching follows a diurnal periodicity. A large proportion of
the activities of animals which have been closely studied have been
found to be cyclical and there would seem to be no obvious reason
why hatching should not be among them. Observations by Robert
(1958) indicate that, although it is not well synchronised, hatching
in Epitheca bimaculata may be concentrated around sunset.
The first larval stage of Odonata, like that of several other groups
of insects, differs in form and in duration from all those which
succeed it. The body is elongate, with imperfectly delimited appendages pressed closely against its ventral surface, and the cuticle,
which is rugose, has hydrophobe properties. At the least, this stage
lasts a few seconds, and at the most several hours. In these differences can be seen specialisations which enable the larva to escape
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without damage from the material surrounding the egg. and to
reach the water safely in cases where the egg has been laid some
distance away from 'it.
The Abbe Pierre (19o4a), who discovered and first described this
stage, termed it the prolarva ', a name which serves well to distinguish it from succeeding larval stages, while at the same time
emphasising that it is essentially one of them. As Tillyard pointed
out many years ago, the prolarva moults in virtually the same
way as do subsequent larval stages and should therefore be regarded as the first instar. Accordingly this is the terminology I have
followed here.
The duration of the first instar depends upon the ease with
which the prolarva can free itself from the jelly or detritus around
the egg, and also upon the distance it must travel to reach water.
In those dragonflies which disperse their eggs, the first instar may
last only a few minutes (Balfour-Browne, 1909; Aguesse, 1959a),
and as these are the species in which hatching has most frequently
been observed, the impression can be gained that such short
durations are typical. But in species which lay their eggs in masses,
this stage may take very much longer. In Epitheca bimaculata, its
duration depends, as one might expect, on the depth at which the
egg lies within the gelatinous egg-string. A prolarva hatching from
an egg near the centre of a string may remain in that stage for up
to two and a half hours, while the whole process from hatching to
the completion of the next ecdysis may last up to four hours
(Robert, 1958). In other species, such as Orthetrum cancellatum,
Robert has shown that the protracted duration of the first instar can
be due to the fact that, while attempting to free itself, the prolarva
moves extremely slowly and may sometimes rest immobile for an
hour or more.
Special problems face the prolarvae of dragonflies which lay their
eggs in vegetation around the margins of temporary pools. As we
have seen, such species usually postpone hatching until a season
when the pool contains water, but, having hatched, the prolarvae
still have to make their way to the pool, and having reached it, they
must recognise it for what it is. The classic investigation of this
problem is that made by the Abbe Pierre (19o4b) on the hatching
of eggs of Lestes viridis from branches of Salix aurita. Most of the
prolarvae, after leaving the egg, dropped directly onto the surface
of the pool, the eggs having been laid in branches overhanging it.
Others, however, landed on the ground, and then jumped about
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until they fell into the water. These jumps seemed to have no
regular orientation, although one can perhaps assume that they
would in general have been in a downhill direction, and therefore
have tended towards the water for that reason if for no other. The
longest recorded jump by L. viridis was 3 cm., but in Epiophlebia
superstes prolarvae are known to be able to jump a distance of
10 cm. (Asahina, 195o), which is about 1 oo times their own length.
Prolarvae of Lestes viridis sometimes remained active in this way
for up to two hours before finding the water. When finally they did
so, they rested immobile, floating on the water with the dorsal
surface facing downwards. Thus, during ecdysis, which lasted some
13 minutes, the second instar larva passed directly into the water
beneath it. It is obviously important that prolarvae of Lestes viridis
should have a cuticle which is hydrophobe, since otherwise they
might be imprisoned by drops of water they encountered en route
to the pool. It is possible that a prolarva can ensure that it reaches
its destination by postponing ecdysis until it finds itself resting
immobile on a horizontal water surface, beyond the influence of
marginal surface tensions. In this way, moulting in adventitious
pockets of water, such as leaf-pools, might be prevented.

CHAPTER III
THE LARVAL STAGE: GENERAL
IT is in the larval stage of Odonata that the greatest adaptive
radiation in functional morphology has taken place. This has presumably been necessitated by interspecific competition for space
and food in the relatively confined aquatic habitat. The basic larval
form upon which these modifications have been imposed has
already been described (Tillyard, 1917a; Snodgrass, i954b). and
here remarks will be restricted to the ecological significance of larval
structure and behaviour.
The morphological and ethological adaptations shown by larvae
to their environment are almost all associated with one of three
processes, discussion of which will provide the framework for this
chapter. These processes are : respiration, feeding, and concealment.
They will be treated in this order, the first two briefly, and the last
one at greater length, since it is probably this requirement which
has necessitated the greatest modifications in body-form and
behaviour. The discussion of concealment will then be used to
incorporate remarks on other, associated adaptations, and on those
aspects of feeding and respiration considered to be correlated with
it.
RESPIRATION
The form of the tracheal system in Odonata larvae indicates that
they have descended from terrestrial ancestors which must have
breathed through paired spiracles on the thorax and abdomen (see
Calvert, 1929a). In all existing species, closed functionless stigmata
occur on the ventral surface of the abdomen, and in young larvae
of Aeshna vestiges of them have also been discerned on the mesothorax (Robert, 1958). A possibility which should be considered is
that in ancestral Odonata additional respiration occurred by
diffusion through the walls of the rectum, this being assisted by
the normal ventilating movements of the abdomen. Since they
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have become aquatic, larvae have developed specialisations which
increase the area of body-surface through which gaseous diffusion
can take place. This has been done in three different ways.
In Anisoptera, the inner surface of the rectum has become foliate
and richly supplied by tracheae. These foliations, or ' rectal gills '
(Fig. 34), vary in complexity in different families, and a series of
progressive specialisation can be recognised such that systematic

Fm. 34. Tramea carolina: dissection of larval abdomen from dorsal aspect to show the positions
of the main muscular diaphragm
(a), the sub-intestinal diaphragm
(b) and the rectal gills (c). (Redrawn after Whedon, 1918.)

position, larval metabolism and gill development are correlated
(Tillyard, 1915, 1916b, 1917a). In those Anisoptera which have been
studied, rectal respiration is employed throughout larval life. Water
in the rectum is continually renewed by pumping movements, the
abdomen being proportionately robust to accommodate the necessary muscles. Ventilation is effected mainly by the segmental
dorso-ventral muscles and by two transverse muscle bands : the main
diaphragm between segments 4 and 5 (Amans, 1881; Snodgrass,
1954b), and the suhintestinal diaphragm in segment 6 (Wallengren,
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1914a) (Fig. 34). In a large larva of Aeshna grandis which_ is not
unduly active, each of these respiratory movements can replace
about 83% of the rectal contents, this being equivalent to a ventilation rate of about 1 c.cm. per minute (Wallengren, 1914b).
Abdominal respiratory movements, which also assist in the circulation of haemolymph (Brocher, 1917), are under control of all
the abdominal ganglia, but particularly of the seventh or terminal
one, which is the seat of reflex movements involving the opening
and closing of the anal spines (Abbott, 1928). The frequency of respiratory movements, and therefore the ventilation rate, can he
adjusted in accordance with the concentration of dissolved oxygen
in the water (Matula, 1911). The nerve centre controlling this
appears to be the first thoracic ganglion, acting independently of
the brain (Wallengren, 1913).
An interesting consequence of rectal respiration is found in
certain species of North American Anisoptera. The regular intake
of water into the rectum results in their being infected with immature Trematoda (see p. 115). The cercariae, after having been
released from the liver of a snail, are drawn into the rectum of a
dragonfly larva whence they migrate to muscle and encyst there
(Macy, 1934).
In the Zygoptera, the paraprocts, and in most cases the epiproct
also, have become specialised to form foliaceous lamellae (Tillyard, 1917b,c). The function of these structures has been the
subject of considerable controversy (see Zahner, 1959; MacNeill,
196o) mainly, it seems, because larvae are known to be able to
survive without them, and because they apparently serve more than
one function. There can be little doubt, however, that they have
been evolved primarily as a supplement to the other, less specialised
methods of respiration which larvae have at their disposal.
If lamellae of Calopteryx virgo and C. splendens are amputated
when the concentration of dissolved oxygen is high, no damage to
the larvae can be detected, and in due course the organs may he
regenerated. Removal of the lamellae at low oxygen concentrations,
however, aggravates respiratory distress and increases mortality due
to this cause (Zahner, 1959). In two species of Enallagma the caudal
lamellae have been found to provide a more efficient surface for
oxygen absorption than the rest of the body (Pennak and McColl,
1944), and in Coenagrion they can be responsible for up to 6o% of
the total uptake of oxygen (Harnisch, 1958), their removal resulting
in an unusually rich development of superficial tracheoles in the
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body-wall. It is therefore justifiable to regard the caudal lamellae as
a supplementary respiratory device which becomes important for
survival at critically low oxygen tensions. Accordingly, in the great
majority of species, they can appropriately be called caudal gills '.
In this book I have retained the term ' lamellae' only to emphasise
that they may have other uses besides respiration, and to avoid
possible confusion with other types of gill.
In second instar Zygoptera larvae, in which water-exchange may
take place through the rectum (Tillyard, 1916c; Lieftinck, in press),
caudal lamellae are present as simple tubular outgrowths. In most
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Fics. 35-36. Ontogenetic changes in the shape of the caudal lamellae in
relation to habitat in a stream-dweller, Coenagrion mercuriale (35), and in
a bog-dweller, Ceriagrion tenellum (36). Left: in approximately the seventh
instar; right: in the final instar. Note the disproportionately greater expansion
of the distal portion of the lamella by protrusive growth in C. tenellum.
The scales each represent a millimetre. (From Corbet, I955b•)

species, however, they increase greatly in size during ontogeny,
owing to the disproportionate expansion of the distal portion of the
lamella (Figs. 35-36). This process, which has been described in
detail by MacNeill (196o) and termed by him protrusive growth
provides additional evidence of the respiratory function of the
lamellae. It is true in general to say that the shape and size of the
lamellae are inversely proportional to the availability of oxygen in
the normal habitat. This is particularly well demonstrated by the
series described by Williams (1936) in larvae of species of Hawaiian
Megalagrion (Figs. 37-40). The lamellae of M. leptodemas, which

Fics. 37-4o. The shape of the caudal lamellae
of Hawaiian species of Megalagrion in relation
to their adoption of the terrestrial habit. All
are median lamellae viewed from the left side.
37. M. leptodemas, a complete aquatic which
rests on bottom vegetation. 38. M. oceanicum,
a stream-dweller which often leaves the water.
39. M. amaurodyturn waianaeanum, which lives
between the leaf-bases of Astelia, often without free water. 40. M. oahuense, a completely
terrestrial form which lives in leaf trash on the
forest floor. (Redrawn after Williams, 1936.)

lives in stream-pools, are large and leaf-like, presenting the maximum surface area possible for their volume. At the other extreme,
those of the terrestrial M. oahuense are short and squat, and are
thickly covered with setae. Thus, as stressed by Lieftinck (1956),
caudal lamellae are to be regarded as highly adaptive organs, and
therefore not reliable indicators of phylogenetic relationship. If, as
is believed, they evolved to supplement oxygen uptake in an aquatic
environment, then their small size and hairiness in terrestrial
Zygoptera must be regarded as secondary, and not primitive.
No signs of caudal lamellae have been discerned in Anisoptera.
The flattened form of the paraprocts in the Anisozygoptera (Figs.
74-76, p. 8o) led Tillyard (1921) to suggest that this might represent
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an early stage in the evolution of the caudal lamella. Present views
on the homologies of these structures (Snodgrass, 1954a) do not
conflict with such an interpretation, but it now appears improbable
on two counts. First, if caudal lamellae were evolved primarily as
supplementary respiratory organs, this is unlikely to have happened
in a well-oxygenated habitat such as a highland stream; and second,
the flattened form of the paraprocts in Epiophlebia is believed to
be a current-resisting adaptation.
In two families of the Calopterygoidea—the Epallagidae and
Polythoridae—paired abdominal gills are present, in addition to
caudal lamellae (Calvert, 191 1 a; Needham, 191 1 ; Ris, 1912; Lieftinck, in press). In the Epallagidae (Fig. 41) they occur as tapering
unsegmented filaments on segments 2-8; in the Polythoridae they
are segmented and occur on segments 2-7. They are well supplied
with tracheae in both groups. Snodgrass (1954b) suggested that
abdominal gills might have provided the most primitive method
of respiration in aquatic Odonata larvae, and Lieftinck's discovery
(in press) that they occur in second instar larvae of the epallagid,
Euphaea variegate, supports the view that they are relatively archaic structures. As yet, however, they have not been found in second
instar larvae of any allied families, whereas all Zygoptera so far
examined have possessed caudal lamellae from this stage onwards.
There is thus a possibility that abdominal gills may have arisen
secondarily, to supplement respiration by the caudal lamellae.
Robert (1958) has remarked that the gill-bearing larvae of Epallage
fatime inhabit streams which are liable to dry up and become reduced to shallow pools, and that for this reason they might require
supplementary gills. Their need would presumably be the greater
since, as they are stream-dwellers, their caudal lamellae would in
any case be small, and therefore ill-equipped to support them under
conditions of low oxygen tension. Until further evidence comes to
light, we should perhaps regard abdominal gills as a rare adaptation
to an unusual habitat—the semi-permanent stream.
The behaviour of dragonfly larvae when they are deprived of
oxygen can provide useful information concerning their auxiliary
means of respiration. When the concentration of dissolved oxygen
falls to 2.5 c.cm. per litre at i7–i8°C, larvae of Aeshna grandis
climb to the surface to breathe. It is lack of oxygen, and not concentration of carbon dioxide, which stimulates this behaviour, and
it is the pressure gradient alone which enables them to orientate to
the surface. Once there, they take in air, and not just oxygen from
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FIG. 41. Final instar larva of Euphaea

(probably ochracea), a Malayan epallagid with paired abdominal gills on
segments 2 to 8. The gills are figured
in the expanded position; in the resting
attitude they are directed backwards
and are invisible from above. The larva,
excluding lamellae and antennae, is
about 13 mm. long. (Unpublished
drawing by M. A. Lieftinck.)
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the surface water. Young larvae climb to the surface backwards and
expose the cloaca, whereas those at a late stage in the final instar
climb forwards and expose the thoracic spiracles. If such larvae
cannot find a support to hold on to at the surface, or if they cannot
reach the shore, they suffocate (Wallengren, 1914b).
This provides an explanation for the pre-emergence exposure
which has been noticed in many Anisoptera, particularly members
of the Aeshnidae. Wesenberg-Lund (1913) recorded that, on certain
days in early summer, large numbers of Aeshna larvae could be
seen clinging to plants with the prothorax above the water; and
similar climbing behaviour has been observed in many other
aeshnid genera (Lucas, 9oo; Calvert, 1929b; Byers, 193o). The larvae
which do this are presumably experiencing oxygen lack, doubtless
as a result of the increased metabolic demands imposed by metamorphosis (see Lutz and Jenner, 196o), and the rising temperature
which would reduce the oxygen-retaining capacity of the water. It
is significant, for example, that larvae of Brachytron pratense will
cease to expose themselves if the weather turns cold in spring
(Robert, 1958).
When larvae of Calopteryx are deprived of oxygen, they first
spread the lamellae and wing-sheaths, and then shake themselves
from side to side, thereby increasing the circulation of water around
the body (Figs. 42-48). Movements which indicate that the lamellae
are being ventilated have also been observed in Copera (Lieftinck,
194oa), Ceriagrion (Gardner, 1956) and Platycnemis. If the oxygen
tension remains too low, Calopteryx larvae move to the surface,
touch it with the antennae, and expose the head and thorax to the
air. Some will lie along the surface, while individuals without
lamellae will poke the tip of the abdomen above the water. Others
may leave the water completely, even if they are young larvae in
which the thoracic spiracles are not yet open (Zahner, 1959).
The behaviour of young larvae of Lestes viridis under similar
conditions provides a salutary warning against the dangers of too
rapid generalisation. Such larvae will expose the whole dorsal surface to the air, but apparently never the caudal lamellae (Robert,
1958). This suggests that the lamellae of this species may be used
more for locomotion than for respiration, a conclusion supported
by the fact that, although large, the lamellae of Lestes are unusual
in being of the ' simplex' type (sensu MacNeill, 196o) and thus do
not show the protrusive growth characteristic of other species with
high supplementary respiratory needs.
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Fics. 42-48. Postures adopted by Calopteryx larvae at low oxygen tensions.
First the antennae (42) and later the whole body (43) are placed in contact
with the water surface. In larvae lacking lamellae the tip of the abdomen
breaks the surface (445 45). Later, a larva may climb partially (46) or
completely (47) out of the water, before finally becoming stiff (48) and
dying of asphyxia. (From Zahner, 1959.)
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These patterns of behaviour show that in Zygoptera respiratory
exhange can occur in the rectum, at the general body-surface, and
possibly also at the wing-sheaths. The rich tracheation of the latter
organs in the later instars of both Zygoptera and Anisoptera
suggests that they are used as auxiliary organs of respiration. It is
evident that Odonata are extremely adaptable in meeting their
respiratory demands, and in nature they probably rarely die as a
direct result of oxygen lack. In humid air, larvae will readily leave
the water rather than suffer respiratory distress, and it is easy to
imagine how the evolution of secondary terrestrialism could have
been assisted in this way. Even species which are usually aquatic
are known to be able to survive for several weeks in moist air (East,
19oob; Svihla, 1959) and also to feed there (Tillyard, 1916a; Lucas,
1930). In drier surroundings, larvae are much more confined to the
water, certain species of Lestidae being unable to survive without
it (Lieftinck, 1939).
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experiments which greatly increase our understanding of the subject. The results of these will be mentioned in some detail here,
since they are fundamental to the discussions which follow.
Richard (in press) studied the relative importance of different
receptor organs throughout larval development in dragonflies of
three types (Figs. 49-51). The species involved were a stream-dweller,
Calopteryx virgo, and two forms which inhabit standing water.
Cordulia aenea and Aeshna cyanea. C. virgo clings to submerged
vegetation; C. aenea sprawls amongst debris and algae, which more
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FEEDING

The newly-hatched larva is nourished for a few days by yolk
retained in its mid-gut (Fig. 68, p. 76). When this is used up, the
larva must sustain itself solely by the food it is able to catch.
Dragonfly larvae are generalised, obligate carnivores, which feed on
almost any kind of animal which they can perceive and which is
of an appropriate size. Swammerdam (c. 1675) made one of his
very rare mistakes when he supposed that they fed on soft mud and
silt.
During the daytime a larva usually remains immobile until it
perceives a moving organism. After this, its feeding behaviour may
be said to consist of three phases (Koehler, 1924). First, it orientates
itself correctly to the organism, sometimes by walking slowly towards it; second, it ejects the labium and grasps the prey; and third,
it uses the mandibles to masticate and ingest the prey. It is consistent with their habit of remaining still and awaiting the arrival
of their prey, that larvae should be able to withstand long periods
without food, and it has been noted that two species of Australian
Anisoptera were able to survive starvation for at least three and
eight months, respectively (Tillyard, 191o).
Several aspects of feeding behaviour in Odonata have been
studied experimentally in the past and this work has recently been
reviewed by Richard (196o; in press), who has himself performed
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Fins. 49-51. Larvae studied by Richard in his experiments on feeding
behaviour. 49. Calopteryx Virgo, in which the antennae are the principal sensory receptors. so. Aeshna cyanea, in which the eyes play
the main part. 51. Cordulia aenea, an intermediate type, in which
a complex of tactile receptors is employed. (Redrawn from Robert,
1958.)
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the
same
stage.
And
the
condition
of
the
optic
Calopteryx virgo
lobes and chiasma in a fifth instar larva of A. cyanea is not reached
by C. virgo until the ninth instar. In Cordulia aenea the ontogeny
of the optic lobes parallels that in A. cyanea except that the eyes
are smaller.
This work by Richard has demonstrated an evolutionary sequence
in the pattern of larval feeding behaviour. In the primitive condition, several sensoreceptors play a part, and of these the antennae
are the most important. In the most specialised condition, the eyes
have achieved dominance over all other receptors. Those species
showing the most advanced type of feeding behaviour have greatly
increased their effective range of prey perception, and therefore
have access to correspondingly more food. These are the dragonflies we should expect to grow most rapidly and to be most active.
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or less cover it; and A. cyanea lives amongst vegetation near the
surface.
The feeding behaviour of second instar larvae of the three types
is almost the same, and follows a characteristic sequence. When a
prey organism, such as a protozoan, approaches, a larva raises its
head, and brings the tips of the antennae towards each other. It then
bends the antennae ventrally at the articulation of the pedicel and
flagellum, and ejects the labium. Prey is always detected at a short
distance, not exceeding the length of the larva itself.
During subsequent larval development the methods of feeding in
the three species change in different ways. Calopteryx virgo retains
essentially the same method throughout larval life, except that the
tarsi gradually acquire a complementary role as mechanoreceptors.
A sensitivity gradient can be demonstrated between the antennae
and the hind-tarsi, stimulation of the latter resulting in the fewest
successful captures. If, for instance, a mid-tarsus is stimulated, the
larva will eventually turn towards the site of the stimulus and sweep
the space with its more sensitive fore-leg. The eyes remain of minor
importance, the limit of movement perception being about 3 cm.
Aeshna cyanea retains a certain antennal sensitivity throughout
its life, but by the fifth instar sight is already important, and later
comes to play the dominant role. The final instar larva responds
visually to moving prey at distances of up to 20 cm. It walks towards
the prey and, when close to it, uses the antennae as well as the eyes
to achieve a correct judgment of distance before extending the
labium.
Cordulia aenea develops in a manner which is intermediate
between the two other species. It also retains antennal sensitivity
throughout life, but in the fourth or fifth instar the method of
capture becomes relatively complex, such that no single sense organ
acquires supremacy over the others. Its threshold range of movement perception is about 5 cm. but, in addition to the eyes, the tarsi
and the prementum of the labium also act as sensoreceptors. Each
of the sense organs appears to be insufficient to determine capture
by itself, and the experimental destruction of any one of them
causes a permanent disturbance of feeding behaviour and frequently
leads to death from starvation.
In each of the three species the corresponding centres of the brain
change in ways which can be correlated with the differences observed in feeding behaviour. Thus a newly-hatched Aeshna cyanea
larva has optic lobes which are much more developed than those of

TABLE III
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The number of ommatidia in each compound eye of the second instar
larva of different genera (from Ando, 1957)
Ommatidial
number
Calopterygidae
Calopteryx
7
Megapodagrionidae Rhipidolestes
7
Ceriagrion
7
ZYGOPTERA
Cercion
Coenagrionidae
7
ANISOZYGOPTERA

Lestidae
Epiophlebiidae
Petaluridae
Gomphidae
Cordulegasteridae
Aeshnidae

ANISOPTERA

Corduliidae

Libellulidae

Copera
ca
Lestes
Epiophlebia
Tanypteryx
Comphus
Sieboldius
Anotogaster
Polycanthagyna ca
ca
Aeshna
ca
Anax
Somatochlora
Epoph thalmia
Orthetrum
Nannophya
Crocothemis
Rhyothemis
Sympetrum

7
30

7
7
7
7
7
270
170
250

7
7
7
7

o
4
19
1
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The work by Ando (1957) on the comparative development of
ommatidia in Odonata enables us to trace the different levels of
optic specialisation which have been reached in the various families
of dragonflies. Ando found that the 25 species he studied could be
classified according to the number of ommatidia in the second instar
larva. His findings, which are summarised in Table III, show that a
close relationship exists between ommatidial number, systematic
position, and larval habitat. With Richard's and Ando's observations as a background, some useful generalisations can be made
about feeding behaviour in Odonata larvae.
Larvae with the basic ommatidial number of seven are Zygoptera
(with the exception of Lestes) and bottom-dwelling Anisoptera. The
Zygoptera probably rely mainly on the antennae for feeding, whereas the Anisoptera, which lie buried in sediment, or like Cordulia
aenea, half-hidden amongst debris, probably employ a complex of
mechanoreceptors. In both groups, prey will only he detected at
relatively close quarters. Such forms include those which grow
slowly. Evolution away from this basic type has been associated with
a movement upwards, to sites nearer the surface where the range of
vision is greater and is relatively unimpeded. This enables increased
visual sensitivity to be used to the best effect. Thus the libellulids
with more than seven ommatidia are those which live in relatively
open vegetation near the surface, and therefore have more food available to them and grow more quickly. The most specialised types are
to he found among the Lestidae and Aeshnidae. Species of Lestes
and Anax are probably the most highly developed of surface-feeders,
and Lestes larvae have even been known to catch subimaginal
Ephemeroptera (Nielsen, 1954). In Anax the eyes increase greatly
in size during larval life (Figs. 52-53), those of the second instar
larva more closely resembling Aeshna in shape (Corbet, 1955c). It is
larvae of this type which have been used most widely for experiments on optical fixation (Baldus, 1924), form perception (Abbott,
1925) and flicker threshhold (Salzle, 1933; Crozier et al., 1937a,b).
Anax junius can distinguish the size and possibly the form of
prey organisms, and responds positively to small degrees of movement. The latter response is particularly amenable to quantitative
study and has been evaluated in detail for this species by Crozier
and his co-workers, An interesting finding is that, although the
maximum flicker frequency for response, and the maximum intensity of light with which it is associated, are very little if at all
affected by temperature, the curve of mean critical illumination is
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Fics. 52-56. Changes in the form of head organs in Aeshnidae in relation
to ontogeny and habitat. 52-53. Anax imperator: head of second (52) and
final (53) instars, showing how the relative importance of the antennae and
eyes changes during ontogeny. The condition in the final instar may be
compared with that in the same stage of the bog-dwelling aeshnid, Oligoaeshna
pryeri (55), in which the eyes are small and the antennae large. Note the
expanded post-ocular areas which may be sensory. The two species differ also
in the relative length of the movable hook, this being long in A. imperator
(54) and short in 0. pryeri (56). Various magnifications. (52-54 redrawn after
Corbet, 1955c; 55 from Asahina, 1958b; 56 redrawn after Asahina, 1958b.)
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Fie. 37 . Anax Junius: mean critical light intensities for the response of larvae
to flickering illumination, plotted as log I m as a function of F, the frequency
of flicker, at three temperatures, 27.3, 21.5 and 12.4°C. (Redrawn after Crozier,
Wolf and Zerrahn-Wolf, 1937b.)
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progressively shifted towards higher intensities the lower the
ambient temperature (Fig. 57). Thus at low temperatures, larvae
require more intense illumination before they can perceive moving
objects.
The progressive increase in importance of the eyes might be expected to have affected the diurnal rhythm of feeding activity. This
it appears to have done by determining the kind of feeding behaviour which takes place during daylight, rather than by restricting the activity to that time. In Aeshna cyanea Paulian and Serfaty
(1944) have demonstrated a circadian 24–hourly) rhythm of
locomotory activity which has a bearing on this question. This
rhythm is entrained by the alternating light-dark cycle. During the
daytime, the larvae, when given no suitable support, frequently
move by jet propulsion, which implies that their thigmotaxis (manifested in this case by their urge to hold themselves closely to a
support) is then positive and strong; but at night they walk slowly
over the bottom. I have noticed a similar behaviour rhythm in
Anax imperator, and Robert (1958) notes that Calopteryx virgo
larvae remain immobile on their supports during the day, but
descend from them to walk around over the bottom at night. It is
probable that this nocturnal wandering is a type of feeding behaviour, during which the antennae and also perhaps the chordotonal organs and tactile setae (Zawarzin, 1912) may act as receptors.
It appears then that highly-evolved forms which use their eyes
to perceive prey near the surface by day may supplement their
food by descending to the bottom and using other receptors at
night. It can now be understood how certain Aeshnidae, such as
Anax (Wesenberg-Lund, 1913; Williams, 1936) and Gynacantha,
come to eat aquatic gastropods in nature. This gives the lie to the
popular generalisation that Odonata larvae feed only on moving
prey.
It is possible that locomotory feeding may represent the primitive
method among dragonfly larvae, and that it may occur more widely
than has been believed. If it occurred at night it would seldom be
noticed, and in any case attention would tend to be concentrated
on the highly-specialised weed-dwellers which employ optical
methods of prey perception during the day. Locomotory feeding
would be expected to occur in those Zygoptera with few ommatidia,
and in most such species (e.g. Calopteryx virgo) it doubtless occurs
at night. The behaviour of larvae in rapidly-flowing rivers may
perhaps represent an exception to this statement, since selection

pressure exerted by predators may be less in such environments.
Larvae of Aeshna umbrosa and Calopteryx maculata have been
observed crawling upstream over rocks in the daytime and devouring sessile larvae of Simulium venustum (Peterson and Davies, I960).
The labium shows modifications correlated with differences in
feeding behaviour. As judged by its very constant condition in
second instar larvae, the primitive organ was broad and flat, and
possessed one palpal seta, a relatively small movable hook, and no
premental seta (sensu Corbet, 1953). In a few generalised species,
such as Uropetala carovei (Wolfe, 1953) and Tanypteryx pryeri
(Asahina and Okumura, 1949) the labium remains in this condition
throughout larval life. In Sympetrum striolatum, and probably
many other Odonata, the labium grows much more rapidly
than other organs during larval development (Corbet, 1951). In
many forms which burrow, especially the Libellulidae, the premental and palpal setae form a cage over the top. The function of
these setae is not clear, but they probably help to separate small
prey from the surrounding sediment. In the most advanced weeddwellers, such as Lestes and Anax, the prementum and postmentum
have become greatly elongated, as has also the movable hook
(Plate I, and Fig. 54, p. 61). In Lestes and Gynacantha the
presence of setae on the movable hooks probably increases their
effective length. These modifications enable prey to be grasped
from further away—a development correlated with their increased
range of visual perception. Species which take prey at close quarters
have a small movable hook (Fig. 56, p. 61), as does the aberrant
bog-dwelling aeshnid Oligoaeshna pryeri (Asahina, 1958b; Taketo,
I 958a). Weed-dwellers which do not possess an elongated flat labium
are the Libellulidae, such as Sympetrum. These, however, have
originated from bottom-dwellers and still have a labium of the
spoon-shaped type (see St. Quentin, 1938).
The development of the abdominal diaphragm has assisted the
process of feeding in Anisoptera, in which ejection of the labium is
achieved by a sudden increase in blood pressure (Amans, 1881). The
abrupt contraction of the diaphragm as used in the capture of prey
is under control of the sub-oesophageal ganglion and ventral nerve
chain, and if these nerve centres are destroyed only the hooks of the
labium can be moved (Richard, in press). Thus these hooks are
evidently under muscular control, and are not, as was believed by
Amans, activated entirely by blood pressure via the diaphragm.
Snodgrass (1954b) has suggested that the small labium and narrow
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abdomen of Zygoptera may compensate for their lack of a diaphragm (Whedon, 1918).
Amans (188 1) believed that one function of the diaphragm was
to assist defaecation. It is obviously not essential for this, since both
Zygoptera and Anisozygoptera (Asahina, 1954) which lack it can
expel faecal pellets. But it helps certain aeshnids to project pellets
long distances, whatever the adaptive value of this habit may be.
When large larvae of Anax imperator are kept many in one small
container, they will regularly shoot pellets at least 30 cm. out of the
water.
Since dragonfly larvae are facultative feeders on whatever is
palatable, most readily available, and of a suitable size, their diet
will he a reflection of their habitat. Few detailed studies of the food
eaten in nature have been made. One of the first was that of Warren
(1915), who recorded the gut contents of 35 Anax junius and 218
Pantala flavescens, and found that chironomid larvae comprised
the overwhelming majority of the contents. Recently a detailed
analysis of the food of Pseudagrion salisburyense has been made in
South Africa by Chutter (1961). In this study the animals in the
fore-gut of larvae of different sizes were compared with those
collected by hand-net in the same habitat at different times throughout the year. The bulk of the food of all but the smallest P. salisburyense consisted of chironomid and psychodid larvae and oligochaete
worms. Apparently these were being eaten in proportion to their
abundance, and partly for this reason chironomid larvae featured
more in summer. Another factor contributing to this result was
the preference larger individuals showed for chironomids. Chutter
concluded that P. salisburyense larvae of different sizes do not compete with each other directly for food because the smaller ones eat
smaller prey organisms than do the larger. The food of dragonfly
larvae in nature can also be studied by examining the faecal pellets
which they expel at short and regular intervals. These contain the
fragments of the last meal enclosed in a sloughed peritrophic membrane. Food remains in this form are finely-fragmented and therefore sometimes difficult to recognise, but they are easy to handle
and store, and the larvae which voided them do not have to be
killed.
Odonata are sometimes cannibalistic in the larval stage. In certain
circumstances such a potentiality might be of survival value in
species showing rapid growth in confined habitats. An experimental
study of cannibalism in a pool-breeder, Lestes dryas, has shown that
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the intensity of this behaviour increases with a rise in population
density, and is greatest among small larvae (Fischer, 1961). Larvae
observed suffered no ill-effects if they fed exclusively on their own
species, but grew slightly less rapidly than those which enjoyed a
more varied diet. From an evolutionary point of view, however,
cannibalism must be regarded as a desperate measure indeed to
secure survival, and adaptations to avoid it are apparently shown
by certain dragonflies (see p. 83). In his extensive study of Pseudagrion salisburyense, Chutter (1961) found no evidence of cannibalism in nature.
As facultative predators, dragonfly larvae are unlikely to affect
man economically by significantly reducing the numbers of a particular prey organism. This is only likely to happen when both the
larvae and their prey are in a strictly confined space. Such exceptional conditions may exist sometimes in fishponds. There are indications that they may have done in the fish-rearing pond stocked
by Biro (1884) in Hungary, although even in this now classical case
it remains possible that the reduction of the fish-fry could have been
caused by some other predators. For, although Odonata larvae were
abundant in the pond, no single species was incriminated. Rather
similar conditions obtain in temporary rock-pools, in which
Odonata sometimes breed. Lewis (1943) attributed the apparent
diminution in numbers of larvae of the mosquito, Aedes vittatus,
to predation by a species of Crocothemis in such habitats in the
Moro Hills of the Sudan, but here again the evidence was circumstantial. Even if, in both these instances, it was really the dragonfly
larvae that were decimating the prey, they still constitute exceptions to the general rule.
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CONCEALMENT

Dragonfly larvae evidently conceal themselves mainly to avoid
being seen by predators, rather than by their prey, since it seems
unlikely that the majority of animals they feed on could recognise
them as such visually. Most carnivorous water creatures, insects
included, have been recorded as predators of Odonata larvae from
time to time, but fishes seem to be the most important among them
(Wright, 1943a, 1946a). In some situations Odonata larvae can provide the main food of certain fishes (Tillyard, 192o; Wilson, 1920;
Corbet, 1961a), weed-dwelling forms being eaten more often than
burrowers (Needham, 19o3a). It is probably predation by fishes
F
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which has acted as the main selective force in the evolution of protective behaviour.
Larvae achieve concealment by the position they choose in the
habitat, by their shape or markings, and by their posture. As an
adjunct to protection by concealment, many species exhibit behaviour directed specifically towards escape or defence. This will
be discussed at the end of the chapter.
Great adaptive radiation has been shown by Odonata larvae in
colonising different microhabitats, and their body-form has been
modified accordingly. It must be emphasised, however, that we still
possess very. little information about the precise positions larvae
occupy in the environment. Broad classifications relating body-form
to habitat, such as that given by Fraser (1936b) for Gomphidae,
are valuable as first approximations but can provide no real substitute for detailed observations of larvae in nature. Among the very
few studies of the latter kind are those by Lieftinck (195o) on
Oriental Macromia and by Zahner (1959) on European Calopteryx.
These indicate that knowledge will probably be advanced most
rapidly by direct observation in nature, as for instance with a glassbottomed boat, and by > aquarium studies on behaviour. Until a
great deal more has been done along these lines, generalisations can
at best be tentative, and those presented here are offered mainly in
the hope that they will stimulate critical enquiry. In the rest of this
chapter, concealment will provide the theme on which the discussion
is based, but opportunity will be taken to mention other correlated
features which have already been introduced in the sections on
respiration and feeding.
Two lines of specialisation can be recognised with regard to the
positions larvae adopt in a habitat. If they live in relatively fine
sediment, they may burrow into it,.cover themselves with it, or hide
amongst debris which accumulates near the bottom. Such dragonflies usually lay eggs exophytically. If, on the other hand, they live
'amongst large stable objects, such as stones, sticks or upright plants,
They grasp them tightly, but do not attempt to cover themselves.
Dragonflies of this second type usually lay eggs endophytically.
Larvae of the first type, the ' burrowers ' and !hiders ', belong to
,families considered to be the more primitive on adult characters;
they have the! bask ornmatidial number, a thick cuticle, and they
move and grow slowly. The Petaluridae, although evidently specialised in certain aspect* ftittrval behaviour, must be considered as
archaic memberr9f *kw:burrowing type and will be considered
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first. The family is represented by five genera, occurring in
Australia, New Zealand, Japan, North America and Chile. All the
species so far studied (Tillyard, 191 a;.WoIfe, 1953; Taketo, i958b;
Joseph, 1928; Svihla, 1959, 1960) inhabit highland spring-fed bogs,
and have closely similar larval habits. Wolfe (1953) has given a
detailed account of the New Zealand speciesoUropetala carovei,
which will serve as an example. Larvae are found in mountain bogs
fed by clear, slowly-flowing spring water. These bogs are seldom
more than i m. deep and overlie a base of shingle or rock. The
surface vegetation is composed of Schoenus tussocks, Sphagnum
mosses, and liverworts, which grow in peaty clay. The larvae live in
burrows, always of a definite pattern, which they construct and
maintain below the surface. The second instar larva makes a very
small burrow, no more than r mm. in diameter, close to the surface
vegetation where the eggs are laid. Thereafter the diameter and
depth of the burrow depend on the size of the larva inhabiting it,
that of a full-grown larva being about 3o mm. in diameter and from
3o to 7o cm, deep. It is believed that each larva progressively enlarges a single burrow in which it remains throughout its life. No
burrow harbours more than one larva. The burrow of a large larva
will have several side chambers inhabited previously by earlier

FIGS. 58-59. Types of larval burrow in the Petaluridae. 58. •
Uropetala carovei, showing the series of side chambers occupied
by the larva in previous instars; it now rests in silt in, the bottom
chamber. 59. Tanypteryx hageni: two types of burrow, that on
on the left being typical, and that on the right having a surface
pool where the larva can rest. Note the piles of &Ws surrounding the mouths of all burrows. (58 redrawn after .Wolfe, 1953;
'
59 redrawn after Svihla, 1959.)
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instars, the smallest being at the top near the water surface and the
largest below. During the day a larva lies buried in silt in the lowest
chamber with the tip of its abdomen projecting into the water above
(Fig. 58). At night it ascends the burrow in a spiral fashion, cleaning
the interior wall with its mandibles and labial palpi, and leaving a
pile of newly-excavated debris near the entrance hole at the top. A
larva may walk over the bog surface at night, but remains close
to its burrow and usually waits at the entrance, just above the water
level, for the arrival of the nocturnal insects and spiders upon which
it feeds. These are mainly terrestrial forms and include carabid
beetles, grasshoppers and ants. In winter, larvae make a feeding
chamber in the moss above the burrow, where it does not freeze. It
is likely that larvae detect their prey mainly by tactile stimuli. The
eyes are relatively small, and the antennae large, and the body
bears bunches of stiff hair-like setae which are almost certainly
innervated (see Zawarzin, 1912). Svihla (1 959) has noticed that
larvae of the North American petalurid, Tanypteryx hageni, are
very sensitive to touch, and that they immediately attempt to seize
small arthropods walking over the bog surface around the entrance
to the burrow. T. hageni larvae probably spend longer at the burrow
entrance than do those of U. carovei : although commonest during
the evening and night, they may be seen there also at all hours of
the day (Fig. 59). Petalurid larvae employ rectal respiration of a
primitive type, and probably the dense setae on the paraprocts
prevent particles of silt being drawn into the rectum when the
larva is buried during the day. They presumably encounter no
serious respiratory problems since they live in well-oxygenated
water by day and in humid air by night. Larvae of both U. carovei
and T. hageni can survive for long periods in water-saturated air.
There is one other anisopteran which inhabits a bog environment
of a rather similar type. This is the Japanese aeshnid, Oligoaeshna
pryeri, the larvae of which are thought to live in the wet soil of
swampy fields (Taketo, 1958a). In view of the fact that sensory
specialisation in most Aeshnidae has proceeded in quite another
direction, it is particularly interesting to note that 0. pryeri shows
a convergent similarity to the Petaluridae. The body surface is
roughened and setigerous, and is usually covered with debris; the
eyes and movable hook (Figs. 55-56, p. 61) are relatively small and
the antennae are long and slender (Asahina, 958b). These are all
modifications to be expected in a larva living in confined surroundings, and perceiving and catching its prey at close quarters. From

this point of view, the much-inflated condition of the post-ocular
lobes may be significant, and the possibility should be considered
that they may act as sensory receptors.
Petalurids are the only dragonflies of the burrowing or hiding
type which are known to inhabit holes of a definite construction,
probably because the matted roots in the peaty soil prevent walls
of tunnels collapsing. All the others make characteristic digging
movements with their legs or abdomen (Lieftinck, 195o), by means
of which they sink into the sediment and are more or less covered
by it. The food of species of this type probably consists mainly of
chironomid larvae (see Wright, 1943a). Their body-form and behaviour appear to depend partly upon the particle-size of the
sediment in which they are found. In the Gomphidae, larvae which
live in coarse sediment, such as sand or grit, characteristically have
an elongate abdomen, concave below and strongly convex above,
and short, robust legs. When placed on sand they make energetic
digging movements by means of which they rapidly cover themselves. The eyes and antennae, and the tip of the abdomen remain
near the surface, the sediment itself presumably offering sufficient
resistance to prevent their sinking further. Larvae of this type
which live in sand are usually smooth and pale, and comprise small
gomphids of rivers or open lake shores such as Crenigomphus renei,
Paragomphus hageni (Fig. 6o), and Ophiogomphus supinatus. Like
all burrowing Gomphidae, they possess well-developed antennae,
which presumably play an important part in prey detection. They
live in a well-oxygenated environment, since sand usually collects
only in regions of moderate water-movement.
A modification of this type is found in larvae which inhabit finer
sediment, or which bury themselves beneath deposits of uneven
size, such as plant debris overlying sand. These differ from sanddwelling larvae in several respects ; the dorsal surface of the body
is thickly covered with setae, the colour is usually a uniform dark
brown, the abdomen is somewhat broader, and the legs are longer.
The best examples of this type are larvae of the Holarctic genera
Cordulegaster, Orthetrum and Libellula. Cordulegaster larvae inhabit streams where there is considerable water-movement, and are
found in layers of humus overlying sand. They bury themselves by
scooping the sediment from beneath them by lateral movements
of the legs, and then kicking it over the dorsal surface until only
the tip of the pointed abdomen and the elevated apices of the eyes
remain uncovered (Needham and Betten, 1901). The burying
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behaviour of Orthetrum and Libellula is essentially similar. These
two genera usually inhabit mud, but it is not known whether or not
they encounter the danger of passively sinking into it. In some
instances, they may rest on, rather than in, mud (Robert, 1958), and
this difference may perhaps be determined by particle-size. Perhaps,
as Cordulegaster appears to do, they select sites where there is only
a relatively thin superficial layer of soft mud. It has been claimed
that the numerous setae which cover these larvae have a protective
significance because the mud particles which adhere to them
obscure the outline of the larva. The value of such an adaptation in
a larva which is usually buried is not likely to be great, however,
and it seems far more likely that they are tactile sense organs which
assist in prey detection. Like Oligoaeshna pryeri (Fig. 55, p. 61),
these larvae usually have specialised areas on the post-ocular lobes,
which may also have a sensory function.
There are certain gomphid larvae, probably inhabiting slightly
finer sand, which have become specialised to bury themselves
deeply, while at the same time retaining respiratory contact with
the water above. Such larvae have a characteristic form and are
exemplified by species of Macrogomphus and Merogomphus in
India (Fraser, 1943b), Aphylla in America (Needham and Westfall,
1955) and Phyllogomphus and Lestinogomphus in Africa (Corbet,
1956e). The abdomen is more nearly cylindrical in section and therefore would sink readily into the sand, and the tenth abdominal
segment is greatly elongated to form a siphon, the tip of which
projects above the sediment An extreme example of this type is
the larva assigned by supposition to Lestinogomphus africanus
(Fig. 61). This habit of deep-burrowing may well have been evolved
to reduce predation by bottom-feeding fishes.
It would seem that such larvae could only survive successfully in
relatively coarse sediment in well-oxygenated water. Finer sediment,
which is characteristic of more sheltered waters, would offer less
resistance to the larva sinking to a level where it could no longer
maintain respiratory contact with the overlying water. This may
explain why many larvae which live over mud or silt have developed
quite a different form. In these the abdomen is dorso-ventrally
flattened, being concave below and convex above, and often bearing
long curved spines which project laterally. There is no respiratory
siphon, but the terminal tergites are so shaped that the rectal opening faces upwards. Both the shape of the abdomen and the relatively
long legs would tend to prevent the larva from sinking passively
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FIGS. 6o-6z. Types of body-form in bottom-dwelling larvae of
African Gomphidae. 6o. Paragomphus hageni, which burrows
into sand (length 21 mm.). 61. Lestinogomphus africanus (supposition), an extreme example of a deep-burrower with a long
respiratory siphon (length 6o mm.). 62. L. angustus, a muddweller which has a form intermediate between that of shallowand deep-burrowers (length 22 mm.). 46a from Corbet, 1957a;
61, original camera lucida drawing of an rill,* 62 from ,Cbibtt;
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in fine sediment. Larvae of this type are found in the genus Ictinogomphus (Fig. 63). It is not known to what extent they attempt to
conceal themselves, but they probably remain near the surface of
sediment with the body lightly covered. They may therefore be
called ' shallow-burrowers ', in contradistinction to the ' deepburrowers' represented by larvae which possess a siphon. In Africa
there is a small mud-dweller, Lestinogomphus angustus, which
occupies a condition intermediate between these two types (Fig. 62).
The siphon is fairly well-developed, but the abdomen is considerably flattened, and the legs are relatively long. It is possible that

Fm. 63. Larva of the African Ictinogomphus ferox, a shallow-burrower
with laterally projecting abdominal spines (length 29 mm.). (From
Corbet, 1956b.).

this may be a riverine species in the process of becoming adapted to
more sheltered situations.
The case of L. angustus raises the important question of the ways
in which larvae select the type of sediment to which they are
adapted. It is possible that some may do this on the basis of particlesize, and it would be interesting to determine whether, like certain
Petaluridae and Aeshnidae, they have a nocturnal locomotory
phase during which they can seek favourable substrata. Once in a
suitable site it is probable that they move very little : Needham and
Betten (19o1) recorded that a Cordulegaster larva remained buried
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in the same position for weeks, and the experiences of other
observers have been similar.
Some species, though probably not many, seem to be able to
adapt the shape of the larval abdomen to the type of sediment in
which they live. There is evidence that such an ability exists in
two African dragonflies, Brachythemis leucosticta and B. lacustris
(Corbet, 1957a). These species, especially the former, have an unusually broad ecological valency, being able to live over mud or
sand in a wide variety of habitats ranging from rapidly-flowing
rivers to stagnant water-holes. Larvae of B. leucosticta living over
sand are pale, and have a narrow, elongated abdomen with small,
backwardly-directed spines. Those over mud are darker, and have
flatter abdomens, with larger spines which are directed laterally,
while the rectal opening shows signs of facing forwards and upwards. Over mixed substrata larvae of an intermediate type are
found. Similar variation is encountered in larvae of B. lacustris, thus
providing strong support for the view that the structural modifications are correlated with the nature of the substratum over
which the larvae live. An experimental study of the discrimination
and behaviour of Brachythemis larvae over sediments of different
particle-size should increase our knowledge of the adaptations
shown by bottom-dwelling larvae.
Larval types which are clearly related closely to the shallowburrowers are the hiders. Among the Gomphidae these include the
strongly-flattened larvae which are thought to hide in leaf trash,
such as species of the genera Hagenius, Heliogomphus, Leptogomphus, Microgomphus, Notogomphus and Sieboldius. Little is
known of the adaptations demanded by this niche, but such larvae
usually tend to develop straight lateral margins to the abdomen,
which gives them a characteristic appearance (Figs. 64-66). A few
Zygoptera, such as Pyrrhosoma, Platycnemis and Isosticta (Tillyard, 1917b) probably also inhabit trash on occasion. These have
the habit of raising the tip of the abdomen so that the caudal
lamellae are held clear of the surrounding debris.
It is in the Corduliidae that the hiding habit has been adopted
most widely. The primitive corduliids in which the habit developed
were probably bottom-dwellers in still water. Members of the family
have colonised a variety of niches, and their larval morphology is
of interest on account of the modifications which have been imposed
secondarily on a body-form adapted to hiding. A relatively unspecialised species is Cordulia aenea (Fig. 51, p. 57), which hides in
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FIGS. 64-66. Larvae of Javanese Gomphidae which inhabit
leaf trash. Note the flattened abdomen and its sub-parallel
lateral margins. 65 and 66 show the abdomen from the side.
64. Microgomphus chelifer thelyphonus (length 17% mm.).
65. Heliogomphus drescheri (length 18 mm.). 66. Leptogomphus lansbergi (length 21 mm.). (64, unpublished drawing by M. A. Lieftinck; 65 and 66 from Lieftinck, 1948a.)
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thick vegetation or debris near the bottom in still water. It has
small eyes, long antennae, relatively long legs, and a moderately
flattened abdomen lightly covered with setae. From one point of
view, C. aenea represents a highly significant stage in larval
evolution, since it has gained independence from the bottom sediment and thus prepared the way for the evolution of the specialised
libellulids which live in vegetation near the surface.
It is characteristic of corduliid larvae that they have unusually
long legs, and it is possible that these are used as mechanoreceptors
to detect subtle movements in the framework of debris within
which the larvae live. They would thus serve much the same
function as the legs of spiders, which they so closely resemble, and
would accordingly increase the effective range of prey perception,
an important consideration for larvae which may remain motionless
in one spot for many successive days (see Lieftinck, 1933).
Elongation of the legs has proceeded furthest in the genus Macromia
(Fig. 67), some species of which are unusual in that they appear to
have colonised sandy streams from more sheltered regions lower
down. Lieftinck (195o) has described some modifications which
occur in certain Oriental species which he considers show secondary
adaptations to the stream environment. One of these, M. cydippe,
lives amongst leaf trash which accumulates between boulders in the
stream-bed. It folds the legs tightly against the abdomen, which is
triangular in section and flat below, and presses its body, limpetlike, onto a leaf. The more interesting forms are those which have
secondarily become shallow-burrowers in sand. Their method of
covering themselves differs from that shown by the Gomphidae,
Cordulegasteridae and Libellulidae, probably because they have
long legs ill-adapted for digging. A larva of M. gerstaeckeri, when
placed on sand, will first make lateral swaying movements with the
abdomen. Then, when half-buried, it will sweep sand over the head
and thorax with the fore-legs. Other shallow-burrowers, such as
M. erato, behave similarly.
Richard's finding that Cordulia larvae perceive prey by a complex
of visual and tactile stimuli suggests that other structural peculiarities of corduliid larvae, besides the legs, may function as mechanoreceptors. In some genera, for instance, there are one or two large
setigerous tubercles on the frons—as in Macromia (Lieftinck, 195o,
1953d; Corbet, 1957c), Epophthalmia (Needham, 193o) and Neurocordulia (Needham and Westfall, 1955). And certain species of
Epophthalmia (Fraser, 1936b), Macromia (Lieftinck, 195o; Corbet,
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1957c) and Somatochlora (Gardner, 1950) have hornlike protuberances on the post-ocular region (Figs. 68-72). Some of these morphological peculiarities are found only in the earliest larval stages.
Second instar larvae of Epophthalmia vittata sundana (Figs. 68-7o)
are peculiar in possessing complex setae on the dorsum of the
head and thorax (Lieftinck, 1931). In newly-hatched larvae of
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FIGS. 67-68. Larval form in Oriental
Corduliidae. 67. Macromia arachnomima: final instar, collected from rootlets hanging in a stream (length about
17 mm.). Note the frontal and postocular horns, and the long legs. 68.
Epophthalmia vittata sundana: second
instar larva a few minutes after hatching (length about t mm.). Note the
setigerous post-ocular expansions, the
positions of spine-like setae on the
thorax, and the persistent yolk in the
gut. (67 from Lieftinck, t953d; 68 from
Lieftinck, 1931.)

FIGS. 69-72. Details of larval structures of Corduliidae. 69-70.
Epophthalmia vittata sundana, second instar: post-ocular processes (69) and composite spine-like seta on thorax (70). 71.
Dorsal view of head of Macromia sp. (supposition) showing the
frontal and post-ocular horns. 72. Macromia arachnomima: anterior view of head of final instar showing horns. (69 and 7o
from Lieftinck, 1931; 7t redrawn after Needham, 193o; 72 from
Lieftinck, 1953d.)

Cordulia aenea there are post-ocular horns, but these have disappeared by the sixth instar (Gardner, 1954b). It is interesting to
find a similar situation existing in two libellulids : Erythemis simplicicollis, which possesses horns only in the second instar (Needham
and Heywood, 1929), and Zyxomma petiolatum (Fig. 73), in which
they persist until the fifth instar. All these structures may perhaps
have evolved as additional sensory receptors. In other trash-
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Fm. 73. Second instar larva of the Oriental Zyxomma
petiolatum, showing the two pairs of outgrowths on
top of the head. Both stand straight upwards in
life and carry an apical segment, that of the hinder
pair being long and stiletto-like. The larva covers
itself with detritus immediately after hatching, and
the outgrowths assist in this. They disappear after
the fifth instar. The larva is 0.6-0.7 min. long. (Unpublished drawing by M. A. Lieftinck.)

dwellers, also, structural peculiarities of unknown function are
found which may have a similar significance. Examples of these
are the beard-like fringes of robust spiniform setae which occur
beneath the eyes on larvae of Pseudophaea splendens (Fraser, 1936b)
and Microgomphus schoutedeni corbeti.
The last larvae to be considered in the first major category of
concealment are those highly specialised libellulids which have
moved away from the bottom into vegetation near the surface.
These might better be regarded as intermediate types since, although
many prefer to sprawl, some at least have developed a thigmotactic
or clasping response. In this group are the weed-dwelling libellulids,
Sympetrum, Pantala, Tramea, Rhyothemis and allied genera. They
have a thin cuticle, grow quickly, and are pale, smooth and active.

1
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Aethriamanta aethra provides a specialised example of this type,
the larvae being very small, and living amongst the floating leaves
of the water cabbage, Pistia stratiotes (Lieftinck, 1954). In those
species of this type which have been studied (Ando, 1957), the
ommatidia have increased from the basic libellulid number (Table
III, p. 59), and it is evident that with the departure from confined
surroundings, sight plays a greater part in prey perception. The
resulting increased growth-potential in the larval stage has probably
been a major factor in their evolution, since it has permitted the
successful exploitation of temporary pools.
The second major group to be considered comprises those larvae
which have achieved concealment by holding tightly to a stable
substratum. In this category are nearly all the Zygoptera, the Anisozygoptera,:the Aeshnidae, and a few specialised Libellulidae which
have already been mentioned.
This habit is developed in a simple form by lithophilic larvae
(i.e. those which live amongst stones) in swiftly-flowing water. The
majority of such larvae are members of the more primitive families
of Zygoptera. They are dorso-ventrally flattened and press the body
tightly against the stones to which they cling. The flattened shape
of insects living in rapidly-flowing water is often assumed to give
them a streamlined form which presents the least resistance to the
current. However, Stuart (1958) has shown that the flattening in
the mayfly, Rithrogena semicolorata, is primarily a crevice-seeking
adaptation : not only is its shape ill-suited to high water-velocities,
but the larva characteristically avoids a strong current by sheltering beneath stones. It therefore seems probable that the flattened
form of many lithophilic Odonata has a similar adaptive significance. This is especially likely in the smaller Zygoptera, such as
Cora (Calvert, 191 I a), Diphlebia (Tillyard, 1912a), Argia (Walker,
1953), Palaiargia (Lieftinck, 1957), Metacnemis (Corbet, 1956d) and
Platycypha, all of which cling to the undersides of stones, and perhaps also in the two species of Ephiophlebia, which are strongly
flattened and live in rapid, stony streams (Asahina, 195o, 1958a). In
the latter, the tufts of setae on the ventral surfaces of the paraprocts
(Figs. 74-76) are considered to act as adhesive organs (Asahina,
195o), as are the setae' which form a fringe beneath the eyes of
Pentaphlebia (Fraser, 1955)• In the few lithophilic Anisoptera, however, the body has become rounded, compact and extremely robust,
and these may therefore represent true cases of streamlining. Such
forms are mainly Aeshnidae, but include members of the highly
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FIGS. 74-76. The anal appendages of Anisozygoptera larvae. 74-75.

Epiophlebia laidlawi, dorsal (74) and ventral (75) view. Note the
flattened paraprocts with terminal pores and ventral tufts of setae.
76. E. superstes, lateral view, showing the positions of the tufts of
setae in life. They probably serve as adhesive organs. a. epiproct or
appendix dorsalis. b. paraproct. c. cercus. d. terminal pore. e. ventral
tuft of setae. (74 and 75 redrawn after Tillyard, 1921; 76 redrawn
after Asahina, 1954.)

specialised libellulid genus, Zygonyx, which inhabit the margins of
waterfalls. These have probably developed the strongest clasping
response of any Odonata.
Larvae in swiftly-flowing water show little respiratory specialisation, and the Zygoptera usually have reduced caudal lamellae
unless, as in Diphlebia lestoides (Tillyard, 1912a) or Argiolestes
pectitus (Lieftinck, 1956), these are used as adhesive organs (Figs.
77-8o). The larvae in this environment which possess paired
abdominal gills may have developed them as a secondary adaptation
to meet the unusual conditions imposed by temporary streams
In the lower reaches of streams, where the weaker flow permits
emergent vegetation to grow, larvae are found which have become
adapted to cling to it. The European species of Calopteryx, C. Virgo
and C. splendens, have become specialised for this mode of life.
Zahner (1959) has found that they prefer shaded sites where they
can cling to emergent plants or to roots beneath banks. In a favourable situation they move no more than 20-I20 cm. in a day, and do

FIGS. 77-80. Larval structures of Argiolestes pectitus (supposition), a stream-

dweller in New Guinea, showing the body-form and the use of the caudal
lamellae as adhesive organs. 77. Transverse sections through the lamellae in
natural position. 78. Transverse section through lateral part of lamella,
showing the scale-like setae. 79. Apex of abdomen of larva, ventral view.
Note the setigerous margins of the lamellae and their restricted tracheation.
80. Final instar larva (length 12-13 mm.). (From Lieftinck, 1956.)
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so by walking slowly amongst the vegetation. Their behaviour is
dominated by their respiratory requirements, one of which is water
of an adequate unidirectional flow. The amount of water circulating
around the body is a determining factor and thus their posture
depends on the speed of flow : at speeds of up to 20 cm. per second
the body is held loosely near the support, but at speeds exceeding
5o cm. per second, it is pressed tightly against it. If the water flows
too slowly, or if the concentration of dissolved oxygen becomes too
low, larvae move to the surface of the water as described on p. 54.
Larvae of Calopteryx possess a limited ability to change their
colour, and do so in accordance with the general illumination of
their surroundings, rather than with their immediate background.
Thus they tend to be darker in winter than in summer Their strong
thigmotaxy and reluctance to move combine to keep them stationed
in one spot, but if they do by chance become dislodged, they very
seldom swim but instead arch the body and spread the legs widely
(Zahner, 1959). In this position they are quickly turned over by the
current and driven head downwards to the bottom, to which they
promptly cling with the fore-legs. Lieftinck (195o) has described
similar current-resisting behaviour in the stream-dwelling Macromia
moorei fumata. Calopteryx larvae, as we have seen, use their
antennae more than other receptors to perceive prey. Zahner (1959)
states that C. virgo and C. splendens feed in situ on their supports,
but, as mentioned on p. 63, there is a record of locomotory feeding
behaviour in the Nearctic C. maculata.
Calopteryx larvae are perhaps unusual in that they expose themselves to the current, instead of avoiding it. Most forms which cling
to vegetation are found in sheltered standing waters. As we have
already seen, vegetation near the surface in standing water is a
niche which offers great potentialities for rapid growth to larvae able
to colonise it. The families of thigmotactic Odonata which have
achieved this most successfully are the Aeshnidae, Lestidae and
Coenagrionidae, in all of which the eggs are usually laid in plants
near the surface. The first two families have increased their ommatidial number, and thereby also their range of prey perception,
and in highly developed weed-dwellers like Lestes and Anax, growth
can be extremely rapid.
In this relatively exposed environment certain species have
developed specialised forms of protective coloration. Most weeddwellers are able to modify their colour to match their immediate
background; and it has been shown experimentally that Aeshna
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larvae are able to distinguish certain different colours (Koehler,
1924). Thus larvae of Aeshna grandis are green in summer and
brown in winter (Wesenberg-Lund, 1913), and those of Brachytron
and Gynacantha, which live in shaded sites, are usually much
darker than more exposed weed-dwellers like Aeshna cyanea. Tillyard (19i7b) has recorded that larva of Isosticta simplex are black
amongst trash, but brown amongst weed. A wide potentiality for
colour change is shown by certain Coenagrionidae.
A little is known about the extent of this ability in young larvae
of Anax imperator, which are pale or dark according to their background. Darkening of the cuticle, by deposition of melanin, can
only occur during the second and third hours after ecdysis. The
intensity of darkening is determined mainly by the time spent on
a given background before ecdysis. There is, however, a stronger
tendency for larvae to be dark than pale. If given a choice, both
pale and dark larvae will choose a dark background away from the
light. And if the background is changed from white to black or
vice versa during ecdysis, larvae reared on white will become darker
at short notice, whereas those reared on black will not become paler.
Larvae of the Aeshnidae, especially those of Anax, possess a
highly characteristic type of juvenile coloration, the full significance
of which is not yet understood. Young larvae are transversely
banded with contrasting light and dark stripes. Because such larvae
usually live amongst weed near the surface, Wesenberg-Lund (1913)
suggested that this coloration might be protective and determined
by the background, since other animals in the same environment
possessed it. This interpretation seems very likely to be correct,
since young larvae of Anax imperator, if kept on a plain black or
white background, can be induced to lose their banded pattern
much sooner than they would have done in nature. Probably the
daytime background of such larvae near the surface of the water is
a patchwork of light and shade caused by ripples and minor
irregularities which interrupt light penetration. A puzzling feature,
however, is that very few large predators exist in habitats where
aeshnid larvae are common. I have therefore suggested (Corbet,
1957d) that juvenile banding in the Aeshnidae represents an adaptation to reduce cannibalism, since presumably the main predators
of small larvae in this zone are larger individuals of the same
species, which, as we have seen, hunt by sight near the surface
during the day. Such intraspecific predation has in fact been shown
to occur in nature in Anax imperator. In this respect, the size at
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which banding is replaced by a homogeneous pattern is of ecological
significance (Fig. 81). It varies in different species, but usually
seems to occur at a time when larvae are no longer exposed to
predation by a senior age-group, either because they have become
too large to qualify as prey, or because the older larvae have already
emerged. Juvenile banding has also been recorded in Epiophlebia
superstes (Asahina, 1954) in which it may persist until larvae are
about half-grown. It is likely that such a pattern might be cryptic
in a shallow stream with surface ripples, but not enough is known

Definite changes of habitat can occur later in larval life. In temperate regions, several Zygoptera and Anisoptera move to deeper and
more sheltered situations during the winter months (WesenbergLund, 1913; Corbet, 1957b, d, f). And in some species it appears that
there may be more permanent changes, in behaviour as well as in
habitat. Larvae of Paltothemis lineatipes spend their first two
years in sandy shallows, where they have a chequered pattern, and
their third and last year in deeper places, where they become olivebrown (Kennedy, 1915b). In Procordulia artemis, larvae wander
restlessly during the first few instars, but later become sluggish and
hide beneath algae or debris (Lieftinck, 1933). Up to the seventh
instar, larvae of Somatochlora metallica stay mainly over mud, hide,
move much, but do not burrow. Subsequently their rate of
metabolism falls and they remain buried for long periods (Robert,
1958). Larvae of Tetragoneuria cynosura change their habits in
much the same way (Kormondy, 1959), and it has been noted that
larvae of Libellula depressa and L. fulva do not start to burrow until
after the third instar (Robert, 1958). These initial periods of dispersive movement in species which subsequently burrow or become
sluggish may help to prevent overcrowding and cannibalism at the
oviposition sites.
Habitat changes of a similar order have also been discerned in
stream-dwelling Odonata. Young larvae of Megalogomphus icterops
inhabit shallow depressions in gravel near the stream edges where
the females oviposit, whereas the older ones bury themselves in sand
or mud in deeper water, where they are better able to withstand
floods (Lieftinck, 1941). A similar change in larval habitat occurs
in Chlorogomphus magnificus, in which the large larvae move from
shallow tributaries to more open streams (Lieftinck, 1954). When
more is known about such changes in larval habitat and behaviour,
they may provide useful indications of phylogeny.
Weed-dwellers usually orientate themselves parallel to the
supports they grasp and thus present the least conspicuous outline.
It has already been noted that the thigmotactic response of Aeshna
larvae may become reversed in darkness, and Abbott (1926b) has
made the interesting observation that it may be changed also by
rising temperature. This last response would perhaps assist larvae
to leave sites which might become overheated during the day.
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FIG. $r. The loss of the juvenile banded coloration with age in larvae of
Anax imperator. Data smoothed by a moving average of 3, and based on

field collections of 2,644 larvae, covering the size-range -5o mm., from the
second to the final instars. (Redrawn after Corbet, 1955c.)

about the niches occupied by larvae for us to say yet whether the
banding might serve the same function as has been suggested in the
Aeshnidae.
When considering the ecological significance of coloration, it is
important to remember that larvae of a given species do not necessarily remain in one type of microhabitat throughout life. There is,
for example, a progressive movement away from the oviposition
sites in some species which lay eggs at the surface, and in habitats
where the density is high this can set up appreciable size-gradients
in the spatial distribution of the younger larvae (Corbet, 1957d).

85

86

A BIOLOGY OF DRAGONFLIES

ESCAPE AND DEFENCE

The type of protective behaviour which remains to be mentioned is that associated with escape and defence. Such behaviour,
as is to be expected, is most pronounced in species which live in
more exposed situations like surface weed. When danger threatens,
almost all larvae try first to escape. Defence behaviour is usually
used only as a last resort.
On first being alarmed, burrowing larvae make rapid digging
movements, whereas thigmotactic species may slip round to the
opposite side of the support. Lithophilic forms probably ding more
tightly to the substratum : larvae of Argiolestes, for example, respond by pressing their adhesive caudal lamellae more firmly to a
stone (Lieftinck, 1956).
If the disturbance continues or becomes greater, and a larva is
in an exposed position, it may try to escape by rapid movement. The
means it employs are related to its habitat, and thus to the degree
of development of its respiratory mechanism, which in more
specialised Odonata has become adapted to provide an emergency
system of locomotion. Thus larvae of Erythromma swim by means
of rapid lateral movements of the abdomen and lamellae, whereas
Anax larvae fold the legs backwards against the body and expel
water convulsively from the rectum. Nearly all Zygoptera swim by
lateral movements of the abdomen, although in Calopteryx this
may be a very slow and clumsy process which is seldom employed.
The ability of Anisoptera to escape by jet propulsion is dearly
related to the presence and strength of the diaphragm, and thus
also to their habitat. Uropetala carovei, for instance, does not swim
by jet propulsion even if given the opportunity to do so (Wolfe,
1 953).

Most Anisoptera, however, use jet propulsion for escape, weakly
if they are burrowers, and powerfully if they are weed-dwellers. In
Aeshna larvae the act of swimming comprises three processes :
(i) expulsion of water from the rectum; (2) rowing or beating movements of the legs against the sides of the abdomen; and (3) pressing of the legs against the abdomen as jet propulsion continues.
The third process is controlled via the cerebral ganglion by the
antennae, and depends on the water pressure they encounter as the
animal swims forwards (Tonner, 1935).
It seems likely that swimming is only used for escape in daytime.
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The locomotory rhythm of Aeshna cyanea is such that larvae swim
only during the day (Paulian and Serfaty, 1944); and in some Zygoptera swimming is inhibited in dim light (Riley, 1912). In weeddwellers, swimming is probably associated temporally with thigmotaxis—another daytime response—since in Aeshna it can be reflexly
inhibited by placing something between the legs as well as by lack
of light (Tonner, 1935).
Two important points concerning larval locomotion have been
made by Schmidt (1919). The first is that the normal means of
locomotion is walking, and that larvae swim only in exceptional
circumstances. Thus swimming can be regarded as a true form of
escape behaviour, although it must be remembered that it may also
be used by both Zygoptera and Anisoptera when moving to the
shore just before emergence (Kennedy, 1915a; Corbet, 1952, 1957d).
The second point made by Schmidt is that the zygopteran method
of swimming is the more primitive of the two, since it is used by
newly-hatched larvae of those Anisoptera which later employ jet
propulsion. It should also be noted that even advanced Anisoptera
may revert to the zygopteran method in unusual circumstances.
For instance, larvae of Anax imperator employ it if they have lost
the use of jet propulsion (see p. 107). Robert (1958) has remarked
that second instar larvae of Anax imperator swim by moving all
six legs simultaneously from front to back, whereas young larvae of
Libellulidae and Zygoptera beat the water alternately with the
three right legs and then the three left.
Certain of the smaller Zygoptera possess the ability to detach
a leg which is injured or in the grasp of another animal. The leg
is usually released at the trochanter, and can be regenerated later
(Child and Young, 1903). The rate of regeneration, as in the case of
caudal lamellae, depends upon the interval between the loss of the
limb and the next moult. Lamellae can usually be replaced completely in the course of two or three moults.
If they are unable to escape, and are repeatedly stimulated or
removed from the water, many larvae will remain motionless and
adopt a characteristic position. The cloacal valves are dosed and the
legs are pressed closely against the body, which is often slightly
flexed ventrally. This behaviour, which has been figured by Tillyard
(1917a) for Austrocordulia refracta (Fig. 82), is termed ' death
feigning ', and has been reported in several families of Odonata,
including the Epiophlebiidae (Asahina, 195o), Petaluridae (Wolfe,
1953; Svihla, 1959) Gomphidae (Lieftinck, 1948a) and Aeshnidae
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FIG. 82. Larva of Austrocordulia refracta

in death feigning attitude. (Redrawn after
Tillyard, 1917a.)

(Abbott, 1926a). It has also been observed in the zygopteran genus
Cora (Calvert, 191 I a). Miinchberg (193i) made the interesting
observation that, among European Aeshnidae, death feigning is
shown only by larvae of species which emerge early in the year,
such as Anax and Brachytron. In Britain, at any rate, this is not
invariably true, but if it expresses a general tendency it may indicate that thresholds of light or temperature are associated with
the response. Abbott (1926a) determined the durations of individual
feints made by larvae of Aeshna and Anax junius. These varied
from about half a minute to 22 minutes, with a mode at about 2
minutes and a median between 4 and 5 minutes. Larvae could be
returned to this state by gently stroking the sides of the abdomen
(a stimulus which, it is intriguing to note, elicits the same response
in the African spitting cobra). In Anax junius, the duration of feints
induced in rapid succession always tended to decrease, usually falling to one minute or less after the second to fourth trial. Death
feigning can he particularly intense in Boyeria irene, in which it
is shown by larvae of all ages (Robert, 1958). Even if returned to the
water, a larva may remain in the death feigning position for up
to half an hour.
It has been suggested that death feigning may represent an overdeveloped thigmotaxis (see Abbott, 1926a). Although this may
perhaps be a useful hypothesis, there is one respect at least in which
it would seem to be misleading. Death feigning appears to have been
evolved as a protection in circumstances where conventional escape
behaviour is ineffectual, namely, on land. There it would he of
adaptive value, since by employing it. a larva in a highly vulnerable
position would cease to attract attention by its movements. As we
have seen, however, larvae are only likely to wander over land
during the nocturnal locomotory phase when the normal thigmotaxis has been suspended.
If larvae are roughly handled., in or out of the water, they
exhibit violent movements whit may be termed ' defence be-
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haviour '. Only in long-bodied larvae, however, do such movements
take a form which could be regarded as an effective deterrent to
an attacker. They are most often employed by species of Cordulegasteridae and Aeshnidae, which open the anal spines and jerk the
tip of the abdomen round towards the head, an action also used to
quell prey which is struggling violently. Some Aeshnidae may also
eject the labium in defence. I have seen emerging larvae of Anax
imperator employ the stabbing movement successfully to drive off
attacking Nepa cinerea. In A. imperator, larvae do not use this
means of defence until the sixth instar (Robert, 1958). Evidently
it is the site of nervous stimulation and the surroundings that
determine the type of reaction. If the abdomen is stimulated out of
water, an Anax larva feigns death (Abbott, 1926a). If the abdomen
is stimulated in water, Anax exhibits escape movements, but if the
head is stimulated it defends itself (Hughes, 1953).
Defence behaviour in Zygoptera is less often observed, but also
involves the abdomen being jerked towards the head. It is probable
that the caudal lamellae of certain species play a part in this
behaviour (Fraser, 1934). In Calopteryx these are robust and
pointed, and might well be effective as organs of defence, and
Williams (1936) has actually observed the pointed lamellae being
used for this purpose in the terrestrial Megalagrion oahuense (see
Fig. 4o, p. 51). In certain other species which do this, it may be
the appearance of the lamellae rather than their striking power
which deters an aggressor. This was apparent from behaviour
observed in a larva of Pyrrhosoma nymphula when it met a spider
on land (Corbet, 1952). By flicking forwards its strikingly-patterned
lamellae, the larva forced the spider to withdraw without once
touching it. It appears, then, that in some species the lamellae may
serve the additional function of threat display.
A final point which should be mentioned here is the possibility
that the stridulatory organs which have been found by Asahina
(1939) in larvae of Epiophlebia superstes may be used for defence.
As Haskell (1961) has emphasised, very little incisive evidence exists
to demonstrate the defensive value of insect sounds, and therefore
it would be valuable to verify this question in Epiophlebia. That
this is indeed the function of the sound it produces is suggested by
the fact that, when disturbed, larvae stridulate as an alternative to
feigning death (Asahina, 195o).
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CHAPTER IV
GROWTH, METAMORPHOSIS
AND EMERGENCE
UNDER natural conditions, different species of Odonata vary
greatly in the time they take to complete larval development. The
species which take the longest are almost all inhabitants of permanent upland waters. It seems likely that the bog-dwelling petalurid,
Uropetala carovei, usually requires five or six years to complete
larval development (Wolfe, 1953), and Epiophlebia superstes, which
inhabits highland streams, may perhaps take even longer (Asahina,
1950). Four years has been suggested as the period for normal larval
development in Cordulegaster dorsalis (Kennedy, 1917), and such
a duration is probably not uncommon among Cordulegasteridae
and Gomphidae in temperate latitudes. In Europe a few aeshnids
may also grow as slowly as this, even in lowland lakes, but it seems
that most species of Anisoptera and Zygoptera there develop in
three years or less (Schiemenz, ,953b; Corbet, 1960a).
A point made recently by Macan (1961) should be considered
when field studies on growth-rates are being interpreted. Working
in north-west England, Macan found that both Enallagma cyathigerum and Pyrrhosoma nymphula were requiring two years to
complete development in one part of a tarn, but three years in
another. He thought that this was probably due to the uneven distribution of their food throughout the tarn. Macan's findings underline the importance of considering each microhabitat on it own
merits, and of exercising caution before allowing results from
different sites to contribute to a common conclusion.
It can be assumed that the dragonflies which show the most rapid
larval development are inhabitants of temporary pools in the tropics
(see Williamson, 1923c; Kennedy, 1923). Unfortunately very few
field observations on rates of growth in such habitats have been
made. By observing the first appearance of water in temporary pools
in Nigeria, and recording the subsequent dates of emergence of the
dragonflies breeding in them, Gambles (1961) has been able to show
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91

that Gynacantha vesiculata can complete larval development in,
at the most, about 70 days, and that Anax tristis (one of the largest
dragonflies in the world) and Hemianax ephippiger can do so in
about loo days. Using the same method, Gambles (1956b) found
that Gynacantha nigeriensis must be able to complete larval
development in about 70 days, and I have obtained a similar result
for G. villosa in Uganda. There can be little doubt that many
smaller species inhabiting temporary pools in the tropics must
regularly develop still more rapidly than the aeshnids mentioned
above since even in higher latitudes they can exceed these rates of
growth. The record is probably held by Pantala hymenaea which,
in a swimming-pool in Oklahoma, took only 36 days from oviposition to emergence (Bick, 1951a). Lestes dryas can complete the
larval stage in 45 clays in woodland ponds in Europe (Rostand, 1935),
and even a species as large as Anax junius has been observed to grow
from egg to adult in 121 days or less in a small lake in Ohio (Fischer,
1891). Members of the Lestidae, which are highly adapted for life
in temporary pools, probably develop more quickly than most
Zygoptera in temperate latitudes, but it is noteworthy that in
southern France Ischnura elegans (which has no diapause in the
egg) may complete two generations in one summer, and thus three
within a year (Aguesse, 1955), and that under optimal conditions
in captivity, the American I. verticalis can complete a generation
in only 57 days (Grieve, 1937). Among the Anisoptera, there is one
species, Sympetrum fonscolombei, which is reported to be bivoltine
in southern France (Aguesse, 1959a).
Rapid rates of growth have been recorded among tropical species
of Anisoptera which have been reared in captivity. For instance,
Palpopleura lucia Portia is able to complete larval development in
53 days (Gardner, 1956) and Pantala flavescens in 55 days (Warren,
1915). Species with less active larvae presumably take longer. In
Java, Lieftinck (196ob) found that Potamarcha congener required
about too days for larval development and Zyxomma petiolatum
about i8o days.
Although the environmental temperature influences the rate of
growth, it does not wholly determine it. This was demonstrated by
Calvert (1929b) when he reared larvae of Anax junius and Nannothemis bella under the same conditions of temperature. A. junius
grew more rapidly than N. bella in summer, but suffered greater
retardation in winter. One interpretation of this result is that the
two species had different thermal coefficients for growth, since,
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according to Calvert's data, they differed in their capacity to respond
to increasing temperature. This suggests that species which develop
rapidly in small pools do so not only because the water temperature
is high, but also because they have high thermal growth coefficients.
Experiments carried out recently by Hodgkin and Watson (1958)
have confirmed this. These authors recorded the growth-rates at
varying temperatures of certain Australian Anisoptera which
colonise temporary pools in arid regions. In such places the mean
annual rainfall is less than 20 inches, and is derived largely from a
few heavy falls. The resulting surface waters persist for a few
months at the most. Hence there are very few permanent natural
bodies of freshwater. Under experimental conditions, it was found
that the growth-rates of dragonflies living in temporary pools there
were greatly accelerated at higher temperatures (Table IV), whereas

larvae of a slow-growing species from upland streams, Austroaeshna
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TABLE IV
Relationship of growth-rate to temperature in Australian temporarypool-dwellers (from Hodgkin and Watson, 1958)
Number of days needed to
complete development at given
temperature, and (number of
records)

Species and extent of development

Hemicordulia tau
oviposition to hatching
2 3 mm. larva to emergence
-

7.8-24.4°C

20
132

2I.I

I0

(6)

56 (io)

29. 4°C

6
36 (2)

Diplacodes haematodes
oviposition to hatching
oviposition to emergence

Io

89 (2)

Hemianax papuensis
oviposition to hatching
4-10 mm. larva to emergence

6
56 (3)

14

176 (i)

70 (4)

45 (2)

anacantha, showed no significant increase in growth when treated
similarly. The response to high temperature shown by a species
such as Hemicordulia tau would be of great adaptive value in a
temporary pool, since the greater the likelihood of the water drying
up, the faster the larvae would grow. These results show that under
extreme conditions some Odonata must be able to complete the
aquatic stages in between five and six weeks, a duration which so far
has only been recorded for Pantala hymenaea. Such forms would
appear to have little need of a drought-resistant larva in temporary
waters so long as the adult or the egg can serve this purpose (see pp.
123 and 37). Although a larva of Synthemis eustalacta has been
known to survive in dry sand for ten weeks (Tillyard, 191 0), there is
no reason to believe that dragonflies in arid regions generally have
drought-resistant larvae. Tillyard suggested that Diplacodes haematodes and Orthetrum caledonicum might survive the dry season as
larvae buried in sand, but Hodgkin and Watson (1958) found no
evidence of this in their study. On the contrary, they noted that
newly-filled ponds contained only small larvae.
In tropical regions, if sufficient food is available, it is likely that
larval growth-rate is a simple resultant of the thermal growth
coefficient and the environmental temperature. In temperate
regions, however, the duration of larval development is controlled
by additional factors, the main ecological significance of which
appears to be to synchronise emergence of the adult. As yet, little
is known about the ways in which these factors operate, although
it is evident that they involve the variable responses of larvae to
both temperature and photoperiod. Three such factors have so far
been recognised, and these are of fundamental importance in any
consideration of larval growth-rate or of seasonal regulation.
The factor about which most is known is the diapause which can
exist in the final larval instar. This has been studied in the European aeshnid, Anax imperator, in which it is probably controlled
by temperature in much the same way as is the diapause in the egg
of Lestes sponsa (see p. 36). Its effect in nature is to ensure that a
large proportion of the larval population overwinters in the final
instar, and is therefore able to emerge synchronously when temperatures rise in spring. In southern England, where A. imperator
is usually semivoltine (i.e. requires two years to complete a generation), the diapause operates in the following way. Most larvae
enter the final instar in August (Fig. 83), whereupon they pass
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FIG 83. The seasonal development of Anax imperator in southern England.
The dotted line is an approximation to the average growth-rate of the larval
population based on means of monthly field samples which are indicated
by circles. The extent of the white areas shows the extremes of size encountered within an age-group. Most of an age-group enter the final instar
in August and September one year after hatching; these pass the winter in
diapause and emerge early the following year (emergence-group A). The
few precocious larvae that enter the final instar before ist June forgo diapause
and emerge later the same year (emergence-group B). (From Corbet, 1957d.)

the rest of the summer without further visible growth. Diapause
development is probably completed in autumn, since, if it is a
temperature-dependent process, it probably occurs most rapidly at
about io°C (Corbet, 1956a). Larvae are then physiologically capable
of metamorphosing, but are prevented from doing so until spring
because the temperatures are still below the threshold for this process. In this way emergence is efficiently synchronised and is
restricted to a short period lasting about so days a year. The lower
temperature threshold for metamorphosis is evidently below that
of many Aeshnidae, since A. imperator emerges relatively early in
the year. It should be noted that the rate at which metamorphosis
proceeds, once it has started, could also influence the date of
emergence. The independent actions of temperature threshold
and rate can, however, be assessed by noting when the early
stages of metamorphosis can first be discerned in field populations
(see p. Ioo).
Many dragonflies in temperate regions appear to have a diapause
in the final larval instar. These constitute a distinct ecological type,
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and have been termed spring species ' (Corbet, 1954), since they
usually emerge synchronously and early. A dragonfly can usually
be recognised as a spring species (in the sense defined above) if final
instar larvae are habitually found in summer without signs of metamorphosis. Typical examples are probably the North American
Cordulegaster maculatus and Helocordulia uhleri, which do not
metamorphose in captivity once their emergence season is past
(Needham and Betten, 1901). Another is presumably the European
Libellula depressa, in which individuals achieving the final instar
before July emerge without delay, whereas those doing so later
postpone emergence until the following year (Robert, 1958). The
same situation is not often found in spring species that are univoltine, since these tend to enter the final larval instar in early autumn.
An interesting feature of the diapause in Anax imperator is that
it is not shown by larvae entering the final instar before the beginning of June. Such larvae, kept at 23°C, commence metamorphosis
only 30 days after ecdysis, whereas those which develop diapause
do not do so for io5 days at the same temperature. It appears that
larvae entering the final instar are able to discern the amount by
which successive days are increasing in length, and that they will
forgo diapause if this amount exceeds two minutes per day (Corbet,
1955a, 1956a, 1957d). It is common for diapause in arthropods to be
determined by a response to absolute daylength (Lees, 1955), but it
is very rare for it to be controlled by a response to changing daylength. Anax imperator was the first arthropod in which such a
response was recognised, and since then it has been demonstrated
in only two others, a locust, Nomadacris septemfasciata (Norris,
1958), and a beetle, Anthrenus verbasci (Blake, 196o). In temperate
regions at least, the explanation for the rarity of this response is
presumably that most arthropods complete a generation in a year or
less and therefore have no ecological need to distinguish between
photoperiodic regimes in spring and autumn, when daylengths are
the same. We may therefore expect a facultative diapause of the
A nax-type to occur in other spring species which require more than
a year to develop. The ecological significance of the facultative diapause in A. imperator is that it permits the few precocious larvae,
which reach the final instar less than a year after hatching from
the egg, to emerge directly instead of remaining as larvae for a
further ten or eleven months (see Fig. 83). These precocious individuals, in which diapause has been averted, emerge about 25
days later than the other members of the population, thus pro-
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longing the emergence period and making the emergence curve
bimodal (Fig. 9o, p. iii).
Dragonflies which do not possess a diapause in the final larval
instar have been termed summer species' (Corbet, 1954). In view
of the important part that diapause plays in synchronising emergence in spring species, it is to be expected that emergence in
summer species would be relatively poorly synchronised. The available evidence indicates that this is often so, and in the only two
species which have been carefully compared the difference is striking
(Fig. 84) (Corbet and Corbet, 1958). A fact which nevertheless

several species at least, metamorphosis itself is seasonally positioned
by its lower temperature threshold. An example will make the
operation of this system clear. Let us consider a summer species in
which larvae resuming growth in early spring, and destined to
emerge the same year, may belong to any of the last four instarsW, X, Y, and Z. If the lower temperature thresholds for ecdysis
and the thermal growth coefficients for each of these instars were
to form an ascending series, the effect in spring, when temperatures
are rising, would be for larvae to accumulate in instar W before
passing on to X, and then to accumulate in X before proceeding to
Y, and so on. In such a way temporal variation would be reduced
before emergence. For this system to operate efficiently, however, it
would be necessary for the successive developmental stages to be
well-separated in time, so that appreciable accumulation could occur
in each stage. If this condition was satisfied, there would be a tendency for the lower temperature thresholds for metamorphosis
and emergence to become high. Hence the summer species in which
this system might he expected to operate most effectively are those
which grow slowly and emerge near the yearly temperature peak.
On the other hand, rapidly-growing univoltine species would probably be unable to make use of it, and would therefore have a widelydispersed emergence, as appears to be the case in Lestes sponsa
(Corbet, 19564 With these arguments in mind, I have suggested
(1958) that, with regard to the degree of synchronisation of emergence, and the time of year at which it occurs, three types of dragonflies may be recognised : ( x) spring species : (2) summer species
requiring more than a year to develop; and (3) summer species that
are univoltine.
A way in which temporal variation before emergence can be
reduced both in spring and summer species has recently been discovered by Termer (1958, 196o). Larvae of Tetragoneuria cynosura,
Ischnura posita and several species of Enallagma were kept at the
same favourable temperature (about 22°C) and with an excess of
food, but at one of four different photoperiods, these being xi, 12, 13
and 14 hours. Under these conditions all the larvae proceeded to
metamorphosis, but the time they took to do so was inversely proportional to the photoperiod they had experienced. In T. cynosura,
for example, the average times at the four photoperiods were, respectively, 104.0, 87.3, 56.8 and 443 days. The degree to which the
longer photoperiods accelerated development was greater than this
in Enallagma divagans and E. traviatum, but less in Ischnura
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Successive days
Fie. 84. Emergence curves of (A) a spring species and (B) a summer species,
showing the difference in degree of synchronisation. In the spring species,
Anax imperator, so% of the annual population had emerged by the third
day, whereas in the summer species, Aeshna cyanea, this value was not
reached until the twenty-fifth day of emergence. (Redrawn after Corbet and
Corbet, 1958.)

requires explanation is that, even in summer species, emergence is
sometimes better synchronised than would have been expected from
the size-variation shown by the larval population. It is evident
therefore that some factors must operate to reduce temporal
variation shortly before emergence.
One way in which variation could theoretically be reduced would
be for the last few stages preceding emergence to have lower temperature thresholds (and/or thermal growth coefficients) in a progressively ascending series (Corbet, 1957f). Such a method has not
yet been demonstrated experimentally in Odonata, but its existence
is suggested by field data, and also by the observation that, in
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posita, Jenner noted further that photoperiod had this effect only
in the final and penultimate instars of E. divagans, but in several
instars of E. traviatum. This work of Jenner's, which is still in progress, may very well necessitate a revision of current theory concerning the responses of insects to photoperiod. It has revealed the
existence of a continuously variable response to daylength quite
unlike the all-or-nothing threshold which has so often been found
to control diapause. Any future experiments designed to study
growth-rate or the effects of changing photoperiod will dearly have
to take this response into account, and it may be expected to affect
some of the conclusions which have been drawn from previous
work. It could for instance provide an alternative to thermal growth
coefficients as an explanation for Calvert's (1929b) result with Anax
junius and Nannothernis bella. And it could be partly responsible
for the rapid increases in growth-rate observed in field populations
of Sympetrum striolatum in spring which I have previously (1956t)
attributed entirely to the effects of rising temperature. It may also
throw light on the puzzling fact that, in both the field and the
laboratory, Anax imperator and Pyrrhosoma nymphula show a
marked tendency to enter the final instar at equinoctial photoperiods (Corbet, 1956a, 1957b).
Apart from those factors which have already been mentioned,
there are no others known or believed to control seasonal emergence
in dragonflies. There is, for instance, no reason to suppose that any
species employs a long-period ' internal dock ', such as determines
the time of pupation in the beetle, Anthrenus verbasci (Blake, 1959).
To conclude this section, then, it will be appropriate to consider
the relative roles of photoperiod and temperature in synchronising
and positioning emergence in temperate latitudes. Since there is a
seasonal temperature-lag such that temperatures are lower for the
same photoperiod in spring than they are in autumn, the main
function of a photoperiod response is probably to provide a simple
means whereby larval development can be made seasonally appropriate independently of temperature. As we have seen, this may be
achieved by a diapause induced by photoperiod in summer, or by
metamorphosis being accelerated by longer days in spring. Once a
photoperiod response has placed the maximum proportion of the
population in the right developmental stage at the appropriate
season, the actual date of emergence within that season is apparently
determined mainly by responses to temperature. This is indicated
by several phenomena : (I) Final instar larvae of Anax imperator,
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removed from their normal habitat in February, will proceed to
metamorphosis without delay if given adequate food and kept warm,
even if they experience a photoperiod of only 6 hours' light (Corbet.
1956a). (2) There are ' early ' and ' late ' years, in which several
species deviate in the same direction from their average dates of
emergence. (3) Emergence of the same species occurs progressively
later at higher altitudes at the same latitude (Asahina, 195o;
Schiemenz, 1952). For example, at a latitude of about 51°N,
Schiemenz found that the flying seasons of three species of Coenagrionidae and of Libellula quadrirnaculata occurred from three to
four weeks later at an altitude of Boo m. than at 16o m. (4) Emergence of the same species occurs progressively later at higher
latitudes (Valle, 1938; Ander, 1950; Kormondy, 1959).
It is possible that some instances of the fourth phenomenon, and
perhaps also of the third, could be the result of population differences with respect to the critical daylength eliciting a response,
such as has been recorded in certain arthropods (Lees, 1955). But it is
unlikely that these could be widely responsible for deviations of the
order we are considering here. Until further evidence is available,
we are justified in conduding that the precise positioning of emergence within its characteristic season is determined mainly by
responses to temperature.
Emergence is always preceded directly by metamorphosis, even
though, as in Uropetala carovei (Wolfe, 1953), this process may
take many months to complete. Metamorphosis therefore provides
a useful end-point by which to judge the termination of diapause.
The onset of metamorphosis can be recognised by external
changes which can be classified in various ways (Straub. 1943;
Corbet, 1957d). Although discernible in Zygoptera (Fig. 85), these
changes are most apparent in those Anisoptera in which the adult

Fic. 85. Ischnura verticalis: heads of final instar larvae, dorsal view, to show

progressive expansion of the compound eyes during metamorphosis. (Redrawn
after Grieve, 1937.)
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compound eyes occupy the whole dorsal surface of the head, since
the menial migration of the facetted area can be discerned at an
early stage. In Anax imperator (Fig. 86) this provides the first
visible sign of metamorphosis and, at spring temperatures in
southern England, appears about 45 days before emergence. It has
also been noted that the respiration rate increases in a sudden and
characteristic way during metamorphosis (Lutz and Jenner, 196o).
In larvae of Tetragoneuria cynosura kept at 22°C, the respiration
rate begins to rise about 13 days before emergence and continues
to increase as metamorphosis proceeds. Apparently a larva requires
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Rios. 86-87. Anax imperator: heads of final instar larvae to show progressive
changes associated with metamorphosis. 86. Expansion of the compound
eyes (dorsal view). 87. Retraction of the adult labium within the larval
prementum (pm) (ventral view). (From Corbet, i957d•)

to consume as much as 8o microlitres of oxygen per hour in order
to complete metamorphosis. This finding by Lutz and Jenner confirms that the pre-emergence exposure shown by many Odonata
during metamorphosis is due to their need for additional oxygen.
Recognition of the various morphological and physiological changes
which accompany metamorphosis can be valuable in field studies,
since it enables the time of emergence to be predicted, and also
provides negative evidence for the existence of larvae in diapause
in summer. As is usual in insects (Wigglesworth, 1954), metamorphosis in Odonata is under hormonal control, and in Aeshna cyanea
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can be completely suppressed by removal of the ventral glands
(Stralla, 1948a,b).
The external signs of metamorphosis are accompanied by characteristic changes in behaviour. Larvae of burrowers and hiders
congregate in large numbers in warm shallows (Wesenberg-Lund,
1913; Wright, 1946b; Corbet, 196oa) and those of Anax imperator
and possibly of other weed-dwellers, leave the deeper, thicker vegetation where they spent the winter and move up to surface plants such
as Potamogeton natans and Glyceria fluitans (Corbet, 1957d). During
the last few days before emergence, histolysis of the labium occurs,
and larvae stop feeding (Whedon, 1927; Munscheid, x933). In
Anax imperator the adult labium is fully-formed about four days
before emergence (Fig. 87). Two days before emergence, larvae of
this species move to the shore by night and select their emergence
supports. Many use jet propulsion at this time (an unusual thing
to do at night) perhaps because the muscles of the adult legs, by
then fully-formed within the larval cutide, are ill-suited for walking. Larvae select shaded sites in preference to exposed ones, though
it is not clear how they manage to do this in the dark. Once there,
they cling to submerged sticks or other firm objects beneath the
surface such as tree-trunks. In A. imperator emergence is dosely
synchronised, and there may be severe competition for suitable
emergence supports. Much jostling and redistribution take place,
and some larvae may eventually emerge io m. away from a site
they had selected previously. As far as emergence itself is concerned, there would seem to be no good reason why some larvae
should select their supports in advance, unless, perhaps, the habit
is of adaptive value in the Aeshnidae because it enables larvae to
adjust their oxygen intake at short notice by climbing up the
supports into the air at night.
Certain Zygoptera, such as Ischnura cervula (Kennedy, 1915a)
and Pyrrhosoma nymphula (Corbet, 1952), have been seen swimming towards the shore only a few minutes prior to emergence. In P.
nymphula, which emerges in the mid-morning, such larvae swim
near the surface, where it is possible that they may be able to
orientate towards the shore by responding to a rising temperature
gradient. Sites chosen tend to be those sheltered from wind rather
than from light, a preference also shown by Sympetrum ambiguum
(Wright, x946b). On arrival at a patch of emergent vegetation, a
larva of P. nymphula tests certain stems for suitability , often
climbing a short way above the water to do so. If the bank is

_

102

A BIOLOGY OF DRAGONFLIES

reached without an acceptable support having been found, it will
climb onto the shore and emerge there.
Many Gomphidae emerge on the first suitable irregularity they
encounter after leaving the water. Thus large numbers sometimes
emerge on strand-line deposits on smooth sandy beaches : in such
places on Lake Albert in Uganda I have found concentrations of
gomphid exuviae exceeding 10o per square metre of shore-line.
It is evident that site-selection can be very plastic in some dragonflies. Ictinogomphus ferox, an inhabitant of large rivers and lakes
in Africa, usually emerges on the shore, but, like the Malaysian
species, I. decoratus (Lieftinck, 196ob), it will sometimes do so on
a floating water-lily leaf, which it has perhaps located by the stem.
And Trithemis annulata, which commonly climbs up rooted vegetation, was once found to have emerged on a floating buoy anchored
by a rope in about 5 m. of water in Lake Victoria. Observations
such as these suggest that larvae travelling to the shore to emerge
will readily ascend any rising structure they encounter. In Zygoptera this habit is apparently more common, a fact exploited by
Macan (1949) when designing floating emergence-traps.
The postures adopted by Odonata during emergence are in
general a reflection of their size and shape (see Straub, 1943). Eda
(1959) has distinguished two main types, depending upon the angle
the emerging larva on its support makes with the horizontal. The
' upright ' type comprises the gomphoid (o-90°) and agrionoid
(7o-120°) groups, and the ' hanging' type (9o-18o°) the remainder.
Within a single species there can be much individual variation,
though seldom beyond the limits for the type defined by Eda.
Certain members of the hanging type, such as Petaluridae, Aeshnidae and deep-burrowing Gomphidae, seem to require an inclination of at least 90°, thus often adopting a position in which
the dorsal surface of the larva faces downwards. At the other
extreme, many Gomphidae, Corduliidae and Libellulidae, particularly shallow-burrowers and hiders, will readily emerge on a
horizontal surface, although usually preferring to have the head
slightly higher than the rest of the body. Gomphus vulgatissimus,
for instance, has been observed to choose stones in preference to
plants on a lake margin (Wesenberg-Lund, 1913), and Progomphus
alachuensis emerges flat on the sand, within a foot of the water's
edge (Needham and Westfall, 1955). The same habit is shown by
some lithophilic Zygoptera, such as Argia, which may emerge on
the upper surfaces of stones (Kennedy, 1915a). Robert (1958) has
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claimed that the Gomphidae are unique in being able to expand
their wings horizontally. Strictly speaking, this may be so, but
there can be no doubt that some lithophilic Zygoptera must also
come very close to achieving this.
Larvae usually emerge very close to the water, presumably on
the first suitable support they encounter. Lyon (1915) recorded
many gomphids as having emerged within 2 m. of the water;
Aphylla williamsoni shows no marked tendency to climb high at
emergence (Hornuff, 195o); and Sympetrum striolatum, which uses
marginal vegetation, normally emerges only 15-30 cm. from the
water and climbs only 7-12 cm. high. A few larvae in a population,
however, sometimes walk or climb exceptional distances before
emerging (Table V). In some cases, this extensive travelling may be

TABLE V

Greatest distances travelled from water by exceptional individuals
before emergence
Species

Macromia illinoensis
Tetragoneuria cynosura
Anax imperator
Epiophlebia superstes
Pyrrhosoma nymphula
Trithemis annulata
Gomphus vulgatissimus
Macromia picta
Plathemis lydia

Distance Height
(metres) (metres)
6
6
10
o
II

2-3

5
5
5
5

45

Williamson, 1909
Kormondy, 1959
Corbet, 1957d
Asahina, 195o
Fraser, 1944
Martin, 1895

20
20

Authority

6
Jacobs, 1955

the result of failure to encounter a suitable support, but in others

it is obviously not. There is a possibility that it may sometimes be
influenced by the degree of overcrowding to which a larva has been
subjected prior to emergence (Plate III).
In nearly all species which have been studied, there is a diurnal
rhythm of emergence. This rhythm has sometimes been overlooked
because most observations on emergence have been made in temperate regions, where unfavourable environmental factors frequently
obscure its basic pattern. The adaptive significance of the rhythm
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is presumably to minimise mortality, and therefore to restrict emergence to a time when climatic conditions are most favourable, and
when predation is least likely to occur. As the main predators during
emergence are apparently birds and mature adult dragonflies, both
of which hunt by sight, the safest time for it to occur would appear
to be at night.
In the tropics, where climatic conditions are least restrictive at
this time it appear that most of the large, conspicuous dragonflies
emerge soon after dusk and fly in the twilight shortly before sunrise. Thus it has been recorded that Anax immaculifrons (Fraser,
1943b), A. strenuus, A. junius (Williams, 1936), A. guttatus, Hemicordulia asiatica (Fraser, 1924) and Macromia arachnomima (Lieftinck, 1953) emerge at night, and the same is true of all the many
Anisoptera I have observed in East Africa. Crenigomphus renei, for
example, at about 2°N, leaves the water in nature between one and
two hours after sunset, and is able to fly (if artificially illuminated)
about 3o minutes later, although it normally waits until dawn to
do so. Very occasionally, C. renei may fly later in the day, but
apparently only after an early morning storm has prevented it from
taking off at the accustomed time. The least conspicuous species,
such as small Zygoptera, often emerge in the early part of the day,
but in sheltered sites low amongst vegetation where they are presumably protected against wind and most predators. Emergence
among large and conspicuous Odonata, however, is essentially
nocturnal in the tropics.
Towards temperate regions this basic pattern undergoes progressive modification as nocturnal temperatures become less favourable.
Thus at higher latitudes or altitudes there is an increasing tendency
for emergence to occur during the daytime. As might be expected,
the first groups to change their habits are the less conspicuous
Gomphidae, Corduliidae and Libellulidae. All the records available
to me show that these tend to emerge in the early morning, if
weather permits, but otherwise later in the day. This means that
under favourable conditions they have usually left the aquatic
habitat before mature adults begin to arrive there later in the
morning. Zygoptera seem to show a similar rhythm, although some
are apparently able to postpone emergence until the following day
if climatic conditions are unfavourable in the morning (Corbet,
1952). Among the species which emerge during the morning there
is a tendency for the larger ones to emerge very near to sunrise. This
has been reported in two species of Petaluridae (Tillyard, 191 7a;

A

B

C

D

Stages in the emergence of a male Libellula depressa. In nature this

process usually occurs soon after sunrise.
A. Ecdysis, or the beginning of stage 2. Before this, the larva has
remained motionless on its support for about lo minutes.
B. Stage 2, which may last for about 20 minutes. Note the expanded accessory genitalia, and the sloughed tracheal linings attached to the exuvia.
C. Early stage 3. The adult has extracted its abdomen from the exuvia and
is now supported by its legs, which were able to harden in stage 2. The
exuvia has been moved slightly. The wings have begun to expand.
D. Stage 3. Expansion of the wings is nearly complete, but fluid still
separates the membranes near the trailing edge of the hind-wing.
Expansion of the abdomen is about to begin. (Photos: S. Beaufoy.)

PLATE IV

PLATE III

Anax imperator. Emergence taking place on the wheel of a bicycle

standing about 2 metres from a pond margin. Such impromptu
selection of a support is rare, and in this instance occurred on a night
when 38.9 per cent. of the annual population of the pond emerged,
and when competition for supports was severe. Note the paint on
the right mid-femur of the exuvia; this had been applied earlier in
the final larval instar as an identity-mark. 26th May, 1953.
(Photo: S. Beaufoy.)

Anax imperator. Normal emergence on a warm night in southern
England. The time is shortly before sunrise, and the newly-emerged
adults are about 4 hours old. The light intensity has begun to increase
and most of them have just opened their wings for the first time.
In a few minutes wing-whirring will begin. At such a latitude this
activity usually precedes the synchronised maiden flight, its duration
depending on the air temperature. Sallow catkins carpet the water
behind the sticks on which the adults emerged.
27th May, 1953. (Photo: S. Beaufoy.)

PLATE V

Anax imperator. Divided emergence occurring during mid-morning
in southern England, after an unseasonably cold night during which
the air temperature had fallen below io°C between sunset and
midnight. Under such circumstances some individuals emerge at the
normal time, but others of the day-group delay doing so until
temperatures rise the next day. Note the lack of synchronisation in
the emergence stages, and the untenanted exuviae left by adults
which emerged the previous night. 8th June, 1951.
(Photo: P. S. Corbet.)
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Wolfe. 1953) and also in Tetragoneuria cynosura (Kormondy, 1959).
Certain species of Sympetrum in Europe show a transitional condition in the process of becoming diurnal. In Switzerland, S. fonscolombei usually emerges just after sunset, but will very occasionally do so in the morning (Robert, 1958), whereas in southern
England S. striolatum, which nearly always emerges very near to
sunrise (Lucas, 1900), will in captivity sometimes do so shortly after
sunset.
Groups which retain the nocturnal rhythm of emergence furthest
from the tropics are the Cordulegasteridae, the Aeshnidae, and perhaps also the deep-burrowing Gomphidae. The European Aeshna
cyanea has long been known to emerge at night (Stefanelli, 1882),
detailed observations having shown that most larvae leave the water
between 2015 and 2230 hrs (East, 19oob). A rhythm which is
closely similar can be assumed to exist in Nearctic species of Aeshna
(Kennedy, 1915a) and Anax (Calvert, 1929b), and in the deepburrowing Aphylla williamsoni (Wright, 1943b), all of which have
been observed to transform between sunset and midnight. This
emergence rhythm has been studied quantitatively in Anax
imperator in southern England (Corbet, 1957d). As dusk approaches
larvae show increasing activity on their supports beneath the water,
and rise so as to he immediately beneath the surface. A larva usually
leaves the water shortly after dusk and climbs up its support. Soon
after a larva has found a suitable position on the support, it
wriggles the abdomen convulsively from side to side; this action,
which is also shown by Pyrrhosoma nymphula (Corbet, 1952) and
even by the flat-bodied Gornphus vulgatissimus (Robert, 1958),
evidently serves to test the grip of the tarsal claws on the support,
and perhaps also to ensure that adequate space exists for unhindered
expansion of the wings. It is interesting to note that short, squat
Anisoptera, such as Sympetrum flaveolum, may give several sharp
kicks with one or other of the hind-legs at this time (Robert, 1958),
presumably for the same purpose. After these testing movements,
the larva remains motionless on the support for about 45 minutes
(stage 1), after which eclosion occurs and follows the usual pattern
(Reaumur, 1748; Bellesme, 1877). The salient stages in this process
are illustrated for Libellula depressa in Plate II. In Anax imperator
the resting stage (stage 2) occupies about an hour and the adult
is usually fully-formed after a further hour, some three hours
after having left the water. Under favourable conditions a daygroup of larvae passes through these successive stages with consider-
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able regularity, only about 75 minutes separating the first and last
to enter any one of them (Fig. 88; Plate IV). The maiden flight,
which occurs at first light the following morning, is even
more closely synchronised, more than 95% of the adults departing
within the first 3o minutes. It should be emphasised that many
Anisoptera which emerge during the daytime in temperate regions
may complete the process much more quickly than A. imperator,
some being ready to fly little more than an hour after having left
the water (Martin, 1895). The rate of transformation is dependent
20
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Flo. 88. Normal emergence rhythm of Anax imperator in southern England,
illustrated by field counts of emerging larvae. Stage i represents larvae which
have left the water but not yet split the cuticle. Stage 2 begins when the
cuticle splits (Plate II A, B) and stage 3 when the abdomen is withdrawn
from the exuvia (Plate II C). Asymptotic values for stages 1 to 3 differ owing
to mortality during emergence. Stage 4 represents adults leaving successfully
on the maiden flight at dawn. For the latter a larger sampling area was used.
Sunset was at 1959 and sunrise at o4o1 hrs. (From Corbet, 1957d.)

on temperature, as also is the maiden flight, which in Aeshna
cyanea can be postponed from dawn until midday by cold weather
(Robert, 1958).
Recent work by Nielsen (1961; in press) has made it possible to
estimate the light intensity at any given moment during the
twilight periods, by expressing the time in terms of the current
duration of Civil Twilight. Applying Nielsen's findings to the data
in Fig. 88 we find that, on the evening when counts were made,
5o% of the larvae of Anax imperator had left the water by the time

the light intensity had fallen to about 2 lux. Also, on the following
morning, it appears that the first flight took place at a light intensity
of about 2 lux and that 5o% of the adults had left by the time
the illumination had risen to about 6 lux.
In its manifestation, this emergence rhythm is closely similar
to that of the chafer, Amphimallon majalis. As evening approaches,
those beetles ready to emerge move to the surface of the soil, and
remain there until the light intensity falls below about 400 lux,
when they leave the soil and emerge. The initial movement to the
surface is controlled by an innate, or endogenous, rhythm, whereas
emergence itself is determined extrinsically by light of a given low
intensity (Evans and Gyrisco, 1958). Thus the emergence rhythm
is composite (sensu Cloudsley-Thompson, 1956), since it contains
both endogenous and exogenous components. It is likely that the
nocturnal emergence of Odonata is composite in the same way. It
appears to have an endogenous element, because premature darkness will not induce larvae of Aeshna cyanea to emerge before their
usual time (East, 19ooa), and because emergence does not occur at
the corresponding light intensity at dawn, even if temperatures are
favourable then. On the other hand, the presence of an exogenous
element is indicated by the fact that artificial illumination in the
early stages of emergence can postpone it. It hardly needs to be
emphasised that light is the environmental factor which undergoes
the greatest change at this time, and is therefore most likely to be
the master factor controlling the rhythm.
Soon after an Anisoptera larva leaves the water to emerge, its
rectal respiration ceases to function (Muller, 1924). If a larva of
Anax imperator, which has undergone this change, experiences an
air temperature below about o°C after it has left the water but
before it has commenced ecdysis, it will return to the water and
emerge the next morning as soon as the air has become warm
enough again. Such a larva will swim to its support in the zygopteran fashion, having lost its ability to use jet propulsion. Thus it
happens that, on nights when the air temperature falls abruptly
after sunset, part of the day-group will emerge at the normal time,
and the rest will do so the following morning (Fig. 89; Plate V).
This phenomenon has been called ' divided emergence' (Corbet,
1957d), and can be seen as the initial step in the modification
of the basic nocturnal pattern of emergence in response to low
air temperatures. It provides an explanation for the cases in
which dragonflies that normally emerge at night have been found
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FIG. 89. Divided emergence in Anax imperator, illustrated as in Fig. 88.
Asymptotic values for stages 1 and 2 differ owing to the return of about 40
larvae to the water at 0030 hrs. These emerged between o800 and 0900 the

next morning, when the air temperature had risen above to° C. Totals for
stages 2 and 3 differ owing to mortality during emergence. Sunset was at
1955 and sunrise at 0405 hrs. (From Corbet, 1957d.)

to emerge by day if the nights are cold (Byers, 1941; Robert, 1958),
or if the latitude (Kennedy, 1915b; Whitehouse, 194 1) or altitude
(Kennedy, 1925) is high. Divided emergence of another kind is presumably shown by those species which usually emerge at dawn.
but which will transform later in bad weather, or at a higher
altitude (Robert, 1958).
It is possible that Zygoptera undergo a similarly abrupt change
in their means of respiration at the time of emergence. Grieve
(1937) has noticed that, a few hours before emergence, larvae of
Ischnura verticalis may expose the thoracic spiracles to the air,
perhaps because the caudal lamellae have then become functionless as respiratory organs.
In temperate regions emergence shows a well-defined seasonal
pattern. In those species which require a year or longer to complete
a generation, it usually occurs once annually at a regular time. The
diurnal rhythm of emergence, and the spatial aggregation which
occurs at this time, are both factors which facilitate the quantitative study of its seasonal pattern, and if all emergence supports are
accessible to the investigator, complete collections of exuviae can
provide precise information on daily emergence rate, total numbers,

mortality and sex ratio. The importance of exuvial collections in
ecological studies of Odonata can not be exaggerated, and at
present our only precise knowledge of these aspects of their biology
derives from this source.
The season at which emergence occurs, as well as its degree of
synchronisation within the emergence period, are presumably associated ecologically with longevity and interspecific competition, and,
as we have seen, are controlled by responses to temperature and
photoperiod. The temporal distribution of emergence within the
emergence period may be termed the `emergence curve ', and this
shows a strikingly different pattern in spring and summer species
(Fig. 84, p. 96). In a spring species, Anax imperator, 5o% of the
annual emergence occurs in the first three days, and 75% in the
first four days, of a so-day emergence period. In a summer species,
Aeshna cyanea, which has an emergence period of comparable
duration, these values are reached after 25 and 33 days respectively
(S.A. Corbet, 1959). An informative statistic when species are being
compared in this way is the time by which 5o% of the annual
emergence has occurred, this being expressed as a proportion of the
total emergence period. Taketo (1960a) has introduced the appropriate term EM50, which may conveniently be adopted to describe
this value.
Spring species may be said to exhibit ' mass ' or ' explosive
emergence ', a condition in which a substantial proportion of the
annual population emerges from a given habitat on a single day.
In this context, the absolute numbers emerging per day are immaterial, the significant factor being the degree to which emergence
is synchronised. Thus if a large emergence can be shown to be of
short duration, or to be restricted to the beginning of the emergence
period, the instance is probably one of true mass emergence. There
are certain published observations which supply this information
and which thereby enable us to recognise some dragonflies as spring
species on this basis. Probably the least equivocal examples of mass
emergence are provided by records of the European Gomphus
vulgatissimus (Martin, 1895; Wesenberg-Lund, 1913), a species
which may well have received its trivial name in recognition of this
particular attribute. Other dragonflies which can be assumed to be
spring species on similar grounds are Tanypteryx pryeri (Taketo,
196oa), Aphylla ambigua and Gomphus plagiatus (Byers, 193o),
Hagenius brevistylus (Wright, 944b), Tetragoneuria cynosura
(Kormondy, 1959), Libellula fulva and L. quadrimaculata (Robert,
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1958), Orthetrum cancellatum (Aguesse, 1955) and Leucorrhinia
dubia (Tiensuu, 1935). It is likely that some American species of
Argia are also spring species, since their abundance peak tends to
fall near the beginning of the flying season (Montgomery, 1944).
On the other hand, there are certain Odonata which can be classified as summer species because their emergence is clearly widely
dispersed. These include Pachydiplax longipennis, which has an
eight-month flying season near New Orleans (Penn, 1951); Plathemis
lydia, which emerges from May through August (Jacobs, 1955); and
Crocothemis erythraea, which flies from April until October
(Aguesse, 1959b).
It occasionally happens that dragonflies believed to be summer
species are reported to exhibit mass emergence. One way in which
this could come about would he for the larval population to accumulate in a late stage of metamorphosis, being unable to emerge
because the lower temperature threshold for emergence had not yet
been reached. This may provide the explanation for Robert's generalisation (1958) that mass emergence of Aeshna juncea is encountered only at high altitudes.
The definitive difference between spring and summer species
(see p. 96), which finds expression in the emergence curve, is consistent with the general observation that the later in the year a
species emerges, the longer its flying season tends to be. Thus, of the
two species compared in Fig. 84, Aeshna cyanea, which emerges
about a month later, has the longer flying season (Moore, 1953).
This point is illustrated by comparative data for English species
published by Moore, and by the example of the late-emerging
summer species, Aeshna grandis, which in Denmark is said to have
a flying season longer than that of any other dragonfly (WesenbergLund, 1913).
As we have seen, the existence of a facultative diapause in Anax
imperator results in the emergence curve being bimodal (Fig. 9o).
It has been established that in southern England the first, wellsynchronised peak, which can contain 9o-95% of the annual
population, represents the emergence of larvae two seasons old
which entered diapause the previous summer and have therefore
spent nine months in the final instar. The second peak, which is not
synchronised, can contain 5-1o% of the annual population, and
occurs about 25 days after the first. It represents the emergence of
larvae, probably one season old, which have overwintered in the
penultimate instar, entered the final instar before 1st June, not
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Fro. 90. The constitution of the bimodal emergence curve of Anax imperator
in southern England. The shaded cells above show the temporal extent of
recoveries of marked exuviae of two kinds. Type A: larvae which overwintered in the final instar in diapause. Type B: larvae which entered the
final instar in spring, and emerged directly without entering diapause; these
constitute the second emergence-group which begins on about the twentieth
day of emergence. (Redrawn and modified after Corbet, 1957d.)

undergone diapause, and spent only 4o days in the final instar
(Corbet, 1957d). These non-diapause larvae are consequently behaving as summer species, and therefore in those dragonflies with
a facultative diapause of this type we may expect the proportion
of the ' summer ' component in the population to show a progressive increase towards warmer latitudes.
Temporal bimodality in the metamorphosis or emergence of a
spring species can sometimes indicate that it may possess a facultative diapause of the Anax-type. European species, apart from Anax
imperator, for which such evidence exists are Aeshna allinis
(Aguesse, 1955), Calopteryx virgo (Corbet, 1957b) and Pyrrhosoma
nymphula (Campion and Campion, 1909; Corbet, 1957b)• It is also
very likely that the Nearctic corduliid, Tetragoneuria cynosura, is
in this category (Kormondy, 1959). The " emergence curve " published for T. cynosura, however, does not in fact express daily emer-

112

A BIOLOGY OF DRAGONFLIES

gence rate : exuvial collections were made at irregular intervals
exceeding 24 hours, and under such circumstances it is not permissible to join successive points to make a curve, since by doing so the
apparent emergence rate on days between collections is falsely inflated to an unknown extent. If allowance is made for this when
interpreting the data, however, it is evident that the emergence
curve of T. cynosura must be bimodal, and that it must bear an
even closer resemblance to that of Anax imperator than is indicated
by Kormondy's figure. There is an early, well-synchronised peak,
followed by a second one about two weeks later.
If they are exhaustive, collections of exuviae can provide records
of the total numbers emerging in successive years from a single
habitat. Since such information is seldom obtained in population
studies, the data available for Anax imperator (see Table VII, p.
117) merit brief consideration. These represent the numbers emerging annually from a small pond about 8o m. long and 20 m. wide.
The series is too short to justify analysis, but the evidence available
suggests that, in the population studied, annual numbers were
related to the ' earliness ' of the year of emergence, rather than to
that of the year of hatching from the egg. If this was so, it may
indicate a relatively heavy mortality among final instar larvae after
resumption of activity in spring. In 1953, less than 5o% of larvae
embarking on metamorphosis survived to emerge (Corbet, 1957d).
Mortality during emergence may sometimes be heavy. This is to
be expected of a stage which is concentrated in space and time, and
during which individuals are immobile and defenceless. At the
same time we should hesitate before classing it as the most vulnerable stage in the life-history simply because it is the most easily
observed, since so little is known at present about mortality in the
others. In southern England, when nights are cold, mortality of
Anax imperator during emergence may amount to 15.8% of the
annual population (Corbet, 1957d), but in Florida where climatic
conditions are more favourable, mortality of Pantala flavescens at
this time may be less than o.25% (Byers, i941). A. imperator may
suffer a mortality of up to 24% of a sizeable daily emergence-group,
which is perhaps not excessive when compared with the average
daily elimination rate of mature adults of Pyrrhosoma nymphula,
which can be about 15% (Corbet, 1952). Since, however, our knowledge of mortality during emergence is more precise than for any
other stage, it will be appropriate to discuss it in detail.
Mortality during emergence may be caused directly or indirectly,
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in three ways : ( ) by physical factors; (2) by overcrowding; and
(3) by predation.
Physical factors causing mortality are mainly cold and wind.
Low temperatures increase mortality in Pantala flavescens (Byers,
1941) and Anax imperator (Corbet, 1957d) either by impeding or
prolonging ecdysis itself, or by postponing emergence and thereby
exposing more of a day-group to predation. Wind reduces survival
of newly-emerged adults (Tiensuu, 1934), mainly by damaging their
wings so as to prevent flight. The effect of rain is far less serious,
perhaps because many species choose shaded emergence sites, and
it is known that tenerals of A. imperator can survive a heavy shower
two hours after expanding the wings. Failure to undergo ecdysis
may occur in species of Calopteryx as a result of oxygen-lack experienced previously in the larval stage (Zahner, 1959), or in
burrowing species of Gomphus from the drying of the mud which
encrusts the larval skin (Williamson, 19o3a). In some areas excessive
floods may cause mortality by covering emergence supports (Byers,
1930). A few adults of species which emerge in shaded sites may
collide with overhanging vegetation during the maiden flight and
thereby fall into the water.
Overcrowding occurs in spring species as a direct result of the
seasonal and diurnal rhythms of emergence. It is manifest in
severe competition for emergence space such that the first larva to
climb a support is liable to be used as a support itself by the
others which follow. Two or even more larvae may congregate in
one spot in such a way that only the outside one can moult satisfactorily. If an individual has begun to transform, a late arrival
can irrevocably damage its wings with the tarsal claws, or can
knock it into the water from which it is rarely able to extricate
itself, even if it escapes from aquatic predators. This type of mortality is density-dependent and may account for the loss of up to 16%
of a day-group of Anax imperator (Corbet, 1957d). It is an ecological
disadvantage of synchronised emergence, and in nature is restricted
almost entirely to the peak nights at the beginning of the emergence
period. In A. imperator, incomplete ecdysis and crippling, caused
by low temperatures and overcrowding, can cause an annual
mortality of 5-11% of the annual emergence (Table VI). It is evident
that this type of mortality is a feature of temperate regions where
it will occur more frequently in species which emerge by night .
Martin (1895) found it to be very rare in a large population of
Gomphus vulgatissimus which emerged in the mid-morning.
GROWTH, METAMORPHOSIS AND EMERGENCE
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TABLE VI
Minimum percentage mortality of Anax imperator during emergence,
due to three causes (from Corbet, 1957d)
Year
Cause of mortality

1952

Incomplete ecdysis
Incomplete expansion of the wings
Predation by birds (in phase 2)

4.3
3.o

Total mortality :

85

Totals emerging:

1953

1.2

4368

ts
picking it up with its feet (Corbet. 1957d), an unusual method of
feeding which blackbirds also use sometimes to catch fish (Howe,
1961).
The main predators during the second phase, apart from crocodiles, are birds (see Kennedy, 195o). Under certain conditions, these
can cause heavy mortality. Weather permitting, the maiden flight
of Anax imperator is completed about ten minutes before the first
birds begin to feed. If low temperature postpones this flight, or if
divided emergence occurs, birds can consume a considerable proportion of a day-group. Blackbirds pick adults off their emergence
supports and take them to a bare hard patch of ground, or ' anvil ',
where they wrench off the wings before consuming the body. The
detached wings which are left behind can provide a means of
quantifying this type of mortality. During two years that I studied
it in a pond in southern England, it accounted for 3-5% of the
annual emergence and, beyond a certain point, was independent
of density (Table VI). This was apparently because the predators
comprised a pair of blackbirds which defended the pond as their
territory and which soon reached their capacity for this kind of
food, seldom eating more than 4o dragonflies a day. This finding
emphasises the adaptive value of closely synchronised emergence
in minimising predation by birds that are maintaining feeding
territories.
The dragonflies which probably suffer most heavily from birds
in higher latitudes are those Gomphidae which have a mass emergence occurring in the mid-morning (see Lyon, 1915; Kennedy,
1917). On such occasions several species of birds may congregate
to feed on them, as occurs also during the early morning emergence
of Uropetala carovei, when terns and gulls swoop low over the bogs
to pick up the teneral adults still drying their wings (Wolfe, 1953).
A wide variety of birds, from sand-pipers (Jacobs, 1955) to sparrows
(Wesenberg-Lund, 1913) have been observed to prey on Anisoptera
during this phase, and such predation forms an important link in
the host-cycle of certain parasitic Trematoda, which are contracted
by birds (including domestic fowls) when they eat teneral adults
round pond margins in the early morning (Macy, 1934). Metacercariae and cysts of the avian parasite Prosthogonimus are harboured
by species of many genera, including Gomphus, Tetragoneuria,
Epicordulia, Libellula, Leucorrhinia and Anax (Timon-David, 1958),
a fact which indicates that these dragonflies are regularly preyed on
by birds.
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Predation is the most commonly observed cause of mortality
during emergence. It may occur in any of three phases of emergence : (t) during the final passage of the larva to the emergence
support; (2) at the site of emergence, after ecdysis; and (3) during
the maiden flight.
In tropital regions, young crocodiles can be important predators
during the first two phases (Corbet, 1959). In Lake Victoria, emerging Anisoptera (principally Ictinogomphus ferox) form one of the
main foods of crocodiles less than a metre long. But the fact that
emergence nevertheless occurs at night indicates that crocodiles do
not constitute so severe a selective force as birds, which feed in the
daytime. A few other predators have been recorded in this first
phase. Water-spiders (Wright, 1943a) and water-scorpions may
catch larvae as they leave the water, and land-spiders may pounce
on emerging Crenigomphus renei as they walk up a sandy beach
(Corbet 1957e). Blackbirds occasionally catch larvae of Anax imperator while they are clambering through debris in shallow water,
at dusk; capture is effected by a bird hovering over a larva and
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A remarkable instance of predation during this phase was observed by Stefanelli (1882) who recorded larvae of Aeshna cyanea
climbing out of the water at night to eat newly-emerged adults of
their own species. The circumstances were unusual in that the larvae
were in an artificial container in which food may have been severely
limited, but confirmation of this anomalous behaviour has since
been obtained by Robert (1958), who has seen larvae of this species
eating emerging adults of both Aeshna cyanea and Libellula depressa. Teneral adults of Dromogomphus spinosus, Neurocordulia
obsoleta and Epicordulia princeps have been found in spiders' webs
under circumstances which indicated that the spiders had preyed
on them at the site of transformation (Calvert, 1903), and this has
been verified by Byers (1937) for N. obsoleta. Ants have been known
to prey on emerging Gomphus vulgatissimus (Martin, 1895) and
Aeshna cyanea (Robert, 1958).
Zygoptera, being relatively inconspicuous, are presumably not
preyed upon so heavily during this phase. However, detached
wings of teneral Calopteryx can occasionally be found on river
banks; and wagtails and chaffinches have been seen to take small
Coenagrionidae amongst marginal vegetation.
Predators during the third phase of emergence, the maiden flight.
apparently comprise only a few birds and dragonflies. Anisoptera
are seldom taken at this time, although Gomphus vulgatissimus
may sometimes be caught by swallows (Martin, 1895), Hemicordulia asiatica by mynas (Fraser, 1924) and Plathemis Lydia by kingbirds (Jacobs, 955). Zygoptera are probably more frequently taken.
Aculeate wasps may capture adults of Megalagrion during the
maiden flight (Williams, 1936); small swifts may take Selysioneura
cornelia (Lieftinck, 1953a), while Pyrrhosoma nymphula may he
caught and eaten by mature adults of its own species.
The sex ratio of Odonata has been the subject of considerable
interest and speculation, having been discussed by several authors,
notably Tiimpel (1899), Tillyard (1905) and Tiensuu (1935). From
an ecological viewpoint, the sex ratio is best studied at emergence,
this being the beginning of the adult stage. It is also the only
occasion when the true ratio cannot he obscured by differential
activity of the sexes. Exuvial collections provide the most accurate
data for this purpose, although counts of newly-emerged adults in
situ can also be useful if none has yet departed on the maiden flight.
In some species it appears that males and females do not emerge
at equal rates throughout the emergence period. It is likely that
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males of Uropetala carovei emerge significantly earlier than females
(Wolfe, 1953), and possible that those of Leucorrhinia dubia may
also do so (Tiensuu, 1935). In Lestes dryas and L. unguiculatus, on
the other hand, there are indications (based on the times of appearance of adults) that females may emerge before males (Walker,
1953). In Anax imperator, the sexes emerge at equal rates in the
first peak, but more females emerge in the second. Thus an ' early
year' has the effect of accentuating the second peak and thereby
affecting the gross sex ratio for the whole season (Corbet, 1957d).
Bearing these considerations in mind, I consider that the only
reliable records of sex ratio at emergence will be those based either
on the whole of the emergence period in places where emergence
is seasonally restricted, or else on part of the emergence period in
those tropical environments in which emergence is continuous. In
Table VII are assembled all the data known to me which meet
these conditions, and which are based on samples of more than
300 individuals. The tropical species were studied in Lakes Victoria

TABLE VII
Sex ratios of Anisoptera at emergence, based on collections of exuviae
Species
Anax imperator (1951)
Anax imperator (1953)
Anax imperator (195o)
Pantala flavescens
Macronzia pitta
Anax imperator (1952)*
Uropetala carovei
Crenigomphus renei
Zygonyx natalensis
Ictinogomphus ferox
Paragomphus hageni
Brachythemis leucosticta

Authority
Corbet, i957d
Corbet, 1957d
Corbet, 1957d
Corbet, 1957d
Wolfe, 1953

Number
in sample
1 95 1
2 944
207 1
366
455
4368
1636
1109
936
312
386
304

Percent.
males
49.3
49.0
49.0
48. 1
47.7
47.2
47.2
47.2
47.0
44.5
4 1 .7
41.1

* An exceptionally early year, when the second emergence peak, consisting mainly of females, comprised about to% of the annual population.
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and Albert (East Africa) in which emergence occurs throughout
the year, or, in the case of Pantala flavescens, in a single pond
throughout the emergence season. Two other counts, not included
in the Table but which probably extended over virtually the whole
emergence period are those made by Tiensuu (1935) of 308 exuviae
of Cordulegaster boltoni and 540 teneral adults of Leucorrhinia
dubia. In these cases males comprised 44.1 and 43.1% of the totals,
respectively. All these results present a consistent pattern, showing
that in Anisoptera males are usually slightly less numerous than
females, and comprise between 4o and 5o% of the total emergence.
It has previously been the practice to test data of this kind for
the statistical significance of their departure from a ratio of unity.
The pattern revealed by Table VII, however, shows that little is to
be gained by such analyses, since the result obtained in any instance
will be a reflection of the initial hypothesis, rather than the data
themselves. The sex ratio of Anax imperator in 1951, for example,
does not differ significantly from unity, but to state this fact merely
obscures the real significance of the result, since subsequent counts
reveal that females regularly outnumber males by about 2%. Our
future knowledge of the sex ratio is most likely to be increased, not
in the first instance by chi-squared analyses, but by careful collections of records according to the specifications outlined above.
No complete data exist concerning the sex ratio of any Zygoptera
at emergence. The only records known to me are for Pyrrhosoma
nymphula, and are based on exuvial collections I made in one
habitat in 1951 (Corbet, 1952) and in 1953. These collections were
carefully standardised, .but were not exhaustive. Furthermore they
did not extend beyond the eighth and ,5th days of emergence,
respectively, and therefore did not include the second peak, which
almost certainly exists in thjs species (Corbet, 1957b). Males predominated in both years, comprising 63% of 97 exuviae in 1951,
and 53.7% of 753 in 1953.
Sex-determination in Odonata is usually by XO and XX chromosomes (Srivastava and Das, 1953; Omura, 1955), although, as in
Neurothemis tullia tullia, it may occasionally be by an XX—XY
mechanism (Chaudhuri and Gupta, 1949). If, as seems probable,
the sex ratio is nearer to unity in the egg, then its value at emergence provides a measure of the differential mortality which has
occurred during the aquatic stage. The findings reported here for
Artisoptera might therefore support Garman's implication (1917)
that female larvae are more viable than males

Gynandromorphism is extremely rare in Odonata. Schiemenz
(1953a), when describing a remarkably balanced example in Aeshna
cyanea, has reviewed the cases recorded earlier by Ris in Calopteryx virgo, C. splendens and Rhyothemis Phyllis snelleni. A
gynandromorph Orthetrum brachiale, caught in Tanganyika in
1956, has recently been reported by Pinhey (1958).
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CHAPTER V
ADULT LIFE: GENERAL
I F the behaviour of the adult dragonfly is to be understood, several
factors must be taken into account. The most important of these
are its age, sex and situation, and the time of day and the weather.
With regard to age, three phases in the life of the adult can be
recognised : (i) the pre-reproductive', or maturation period ';
(2) the reproductive period '; and (3) the post-reproductive period '.
During the first phase, which is typically spent away from the
breeding site, dragonflies feed but do not exhibit sexual activity.
In those species which have been examined, the gonads of newlyemerged individuals are in an undeveloped state (Needham and
Betten, 1901) and become mature during the first week or so of
adult life (Buchholtz, 1951; Wolfe, 1953). The body-colour changes
at the same time. A detailed description of colour changes which
occur in Ischnura verticalis in relation to age and gonad maturation
has been given by Grieve (1937). Longfield (1936) has demonstrated
a correlation between colour and maturity in female Ischnura senegalensis, showing that here, as is probably the case in other species,
certain colour varieties are no more than transitory age-phases. The
maturation period, the end of which is marked by adults visiting
the breeding site, may be shortened by higher temperatures
(Buchholtz, 1951; Corbet, 196oa) and, if not prolonged by aestivation
or hibernation, may last from less than one week to more than
four. Among Zygoptera, Calopteryx splendens has been found to
mature in a minimum of 2 days (Zahner, 1960), Argia moesta in
7-14 days (Borror, 1934), Pyrrhosoma nymphula in 9-15 days
(Corbet, 196oa; Corbet, 1952) and Lestes sponsa in 16 to about 30
days (Corbet, 1956f; Gross, 1930). In the Anisoptera, the maturation
period may last from as little as 5-7 days in Uropetala carovei
(Wolfe, 1953) to as much as a month in large Gomphidae (Needham and Betten, 1901).
In two species for which data are available, males mature more
rapidly than females. Males of Plathemis lydia take 8-14 days and
120
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females 13-24 days (Jacobs, 1955), and in Anax imperator males
take 7-12 days and females 13-16 days (Corbet, 1957d). In A.
imperator it has been established that this earlier appearance of
males at the breeding site is caused by their more rapid maturation
and not by their earlier emergence, a distinction to be borne in
mind when reports of differential emergence rate are being
appraised. The earlier seasonal appearance of mature males has
also been observed in Aeshna grandis and Lestes dryas in Europe
(Wesenberg-Lund, 1913), but in these cases its precise cause is not
known. For some individuals, the maturation period may occupy
a large proportion of the total adult life. In Pyrrhosoma nymphula,
for example, after 15 days' maturation, many adults may live only
another 6 days (Corbet, 1952). It is possible that in the tropics the
maturation period occupies a relatively short part of adult life, but
so far no records exist of its duration there.
During the second age-phase, the reproductive period, adults feed
but also make frequent visits to a breeding site for reproduction. It
is the activity of adults in this phase that determines the flying
season, of which the duration in a population will depend upon
the form of the emergence curve and upon adult longevity. Where
one of these two factors is known, the other can sometimes be
inferred, and on this basis the maximum life-span of Anax imperator (including the maturation period) has been estimated to be
about 6o days (Corbet, 1957d). When estimates of longevity are
being discussed, a distinction must be made between the expectation of life' and the maximum life-span ', and if such values are
to be useful it should also be made clear whether they refer to the
maturation period, the reproductive period, or both. So far there are
no data which enable us to trace the survival rate of any species
from emergence to the end of the flying season, although such
information exists for Pyrrhosoma nymphula during the reproductive period (Figs. 91-92). In the latter the values for average expectation of life are derived from the median, and refer only to those
individuals surviving the maturation period. The form of these
survival curves indicates that the adults were dying from random
causes rather than from old age. This is consistent with Moore's
suggestion (1952c) that most mature Odonata die from the indirect
effects of bad weather and from clashes with other dragonflies.
Until precise data become available there is something to be
learnt from the greatest intervals between marking and recapture
in different species, especially if the duration of the maturation
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Death usually occurs during the reproductive period. On occasion,
however, it appears that a few individuals may outlive it and enter
the third age-phase--the post-reproductive period. During this
phase, the colour becomes duller, the gonads regress, and visits to
the breeding site cease (Mayer, 1958). The adults of Sympetrum
striolatum seen by Plessis in spring (Bartenef, 1919) were probably
in this condition. They had torn wings covered with a film, and
their coloration was a uniform dull red.
This brief survey of the temporal pattern of adult life will serve
as a background against which to consider the variations in structure and behaviour found in adult Odonata. These variations
appear to have arisen as adaptations to five main ecological requirements :
Feeding.
Reproduction.
Dispersal.
Protection against unfavourable temperature.
Protection against predation or molestation.

0-0 1952 7.0 58

Females
0 — ------

10

30

Post-maturation age in days

nos. 91-92. Survival curves for mature adults of Pyrrhosoma nymphula in
two successive years at a pond in southern England. Results are based on
the greatest intervals between release and recapture of marked individuals,
those recaptured after only one day .providing the value for ioo%. The chief
interest of these curves is comparative, between sexes as well as years. Survival was lower in 1951, a late year with less favourable weather and a longer
maturation period. The averages represent the expectation of life on the first
day of the reproductive period. (Data from Corbet, 1952 and unpublished.)

period can be inferred. These intervals provide minimum values
for the maximum life-span. With the exception of species which
aestivate or hibernate, it appears that this value can often be between 4o and 5o days (see Moore, 1952c; Jacobs, 1955) and may
occasionally, as in Lestes sponsa, be as much as 69 days (Corbet,
1956f). The only record I know of longevity in a tropical dragonfly is for an individual male Gomphidia javanica which remained
active in nature for at least 26 days during the reproductive period
(Lieftinck, 196ob).

Adaptations related to the first three requirements are dealt with
separately in succeeding chapters. This chapter is devoted to a
consideration of the last two, and of certain other types of adult
behaviour not specifically connected with any one of these requirements.
Adult Odonata may encounter unfavourable temperature on a
seasonal or on a daily basis. If on a seasonal basis, they may do one
of three things : (1) migrate (an activity described in Chapter VIII);
(2) retire to a habitat with an equable microclimate, and restrict
their activity; or (3) enter a resting condition adapted to survive
the inclement period.
In the tropics it appears that several dragonflies which breed in
temporary pools pass the hot, dry season as adults, retiring to
forest or woodland where the temperature and saturation deficit
remain relatively constant and favourable (Gambles, 1952, 1961;
Fraser, 1955). Two such species are Lestes virgatus and Gynacantha vesiculata, studied by Gambles in Nigeria. Both breed in
ponds which contain water only between July and October. Adults
emerge in September and October, but evidently postpone oviposition until May and June, when they lay eggs in sites which will
later become ponds. In the case of Lestes virgatus, adults probably

124

A

BIOLOGY OF DRAGONFLIES

survive the dry season as immatures, since during October,
November and December, when they are active over grass under
the shade of trees, their coloration is juvenile. From then until
May, when they are known to be sexually active, adults have not
been found, and Gambles believes that they may pass this period
in forest in a resting, or `aestivating', condition. The environmental
stimuli which terminate aestivation and bring about sexual
maturity are not known, although Gambles has suggested that
rising humidity may achieve this in some way. Gynacantha vesiculata differs from Lestes virgatus in that adults appear to mature
early and to remain active throughout the dry season, perhaps
being able to oviposit whenever they encounter suitable sites. Thus
in species of these two types, the adult stage can extend to as much
as nine months. My observations of Gynacantha in East Africa
are consistent with Gambles' interpretation of the life-history in
Nigeria, and show that in Uganda several species can survive the
dry season as matures, since the majority of females taken have
already mated before capture, even if they appear to be in fresh
condition. From what is known of species of Gynacantha and
allied genera elsewhere, it seems likely that they also have a similar
life-history.
The other dragonflies which survive an inclement season as adults
are those in temperate regions which hibernate. These are of two
kinds, depending upon whether they survive the winter in the
maturation period or in the reproductive period. Those which
hibernate during the maturation period are Sympecma fusca
(Low, 1866) and S. paedisca (Lieftinck, 1925; Prenn, 1928) in Europe,
and S. paedisca, Indolestes gracilis peregrina and Aciagrion hisopa
in Japan (Asahina and Eda, 1958b). S. fusca, which belongs to the
Lestidae, emerges in August and then feeds in sheltered sites away
from water until its activity is inhibited by cold in autumn. The
adults, which are pale brown, spend the winter in protected sites,
usually clinging to dead vegetation amongst which they are very
inconspicuous (Geijskes, 1929). In Austria, an adult was once found
in January under a stone by a stream (see Low, 1866). In the Loire
valley, when the winter is mild, individuals may be seen flying on
sunny days in December, January or even February (Martin, 1887).
Early in spring, in March and April, reproductive behaviour begins
and the eggs are laid ( Tunapel, 1901), larval growth being completed
between April and August. The Japanese species which hibernate
follow approximately the same seasonal pattern. In all dragonflies
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of this type it is likely that a condition equivalent to diapause
suspends gonad maturation after emergence.
Dragonflies which hibernate in the reproductive period do not
exhibit the degree of physiological specialisation found in the first
group. Hibernation is not obligatory, and appears to be an
occasional phenomenon involving a few exceptionally long-lived
or cold-tolerant individuals. It can therefore have little survival
value from an evolutionary point of view. This type of hibernation
was first suspected in Sympetrum danae in Europe, when adults
were seen in April, about four months before the flying season
usually begins (Selys, 1888). These possessed mature coloration,
and hence had not recently emerged. It has since been recorded in
certain other European species, such as Sympetrum fonscolombei,
S. striolatum, and perhaps also Crocothemis erythraea and C. servilia (Bartenef, 193ob). Elsewhere the same type of hibernation is
shown by Sympetrum corruptum in North America (Needham and
Heywood, 1929) and by Diplacodes bipunctata and Austrolestes
leda in Sydney, Australia, where the winter is mild and short (Tillyard, 1917a). It may well be a feature of other dragonflies which
fly late in the year, and which are known to be able to survive
autumn frosts, such as Sympetrum vicinum (Calvert, 1926), S.
vulgatum and S. sanguineum (Schiemenz, 1952). The European
dragonflies in this category are all univoltine summer species which
would be expected on other grounds to have a long adult life.
The daily fluctuation of temperature is probably the most
important single factor determining the pattern of adult activity.
The characteristic diurnal rhythms of flight, feeding and reproduction all appear to be under strong exogenous control by temperature, and the selection of sites for resting or feeding similarly
appears to be dictated by the protection they offer from cold and
wind.
Dragonflies are often stated to be primarily sun-seeking insects,
but such a generalisation obscures the important fact that their
activity is limited by high as well as by low temperature. It is
probable that, as in the butterfly, Argynnis paphia (Vielmetter,
1958), the behaviour and time of flight of adults are largely determined by their need to maintain the body temperature within the
range at which spontaneous activity is possible.
Dragonflies can regulate their body temperature in several ways.
Like certain other insects (see Wigglesworth, 1953), they can raise
it by vibrating the wings, and in sunlight can control it to some

A BIOLOGY OF DRAGONFLIES
1 26
extent by their choice of a resting site and by their posture. A few
examples will illustrate this. Wing-whirring is shown by resting
Aeshna cyanea and Sympetrum striolatum if they are disturbed
at air temperatures below about f3°C (Moore, 1953), and it is a
prerequisite for maiden flight in Anax imperator, sometimes lasting
for 20 minutes or more at low dawn temperatures (Corbet, 1957d).
In Britain during the day, Sympetrum fonscolombei usually rest
with the wings outspread on warm bare patches of ground but in
exceptionally hot weather they will perch on rushes with the wings
drooping (Lucas, 1900). Similarly, in Switzerland as the weather
becomes hotter, adults of S. depressiusculum tend to descend less
and to perch higher (Robert, 1958). Near the equator in Uganda
essentially the same pattern of behaviour is shown by Orthetrum
julia within the space of a single day, as the temperature rises
rapidly in the early morning.
With regard to their means of thermoregulation, we can recognise two types of Odonata : those which, when active, remain constantly on the wing; and those which spend most of the active
period on a perch from which they make short flights. Dragonflies
of the first type may be called ' fliers' and those of the second
perchers '.
By remaining on the wing, fliers will be tending to maintain
their body temperature at a high level, and unless they possess
some special device which can compensate for this, they will only
be able to reduce their temperature by seeking a cool place or by
flying at a cool time of day. A number of species in warmer regions
appear to have overcome this difficulty by hyperdevelopment of the
anal field of the hind-wing. This enables them to glide during
sunshine (Hankin, 1921) and thus to remain airborne at the expense
of minimum activity of the wing muscles. Such dragonflies, which
may be termed gliders ', are for the most part migrants, and this
economy is of the greatest importance to them in pursuing their
way of life, a subject discussed in Chapter VIII. Here it need only
be emphasised that they must be regarded as fliers of a highlyspecialised type to which the general remarks in this chapter do
not apply. In one way, however, they provide a clear illustration
of the importance of air temperature in dictating flight-styles.
During the heat of the day such species glide in their familiar effortless fashion, but when they fly at dusk or dawn they dart rapidly
about in quite a different manner, thereby, no doubt, compensating
for the lower air temperature. Robert (1958) has suggested another
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way in which the danger of thoracic over-heating in flight may be
reduced in both fliers and perchers. This is by the air spaces in
the thorax acting as hot-air balloons, and thus lightening the body,
especially, of course, on hot days. Despite the possible mitigating
effect of such devices, however, it remains true that, in a given
locality, fliers are usually active at lower air temperatures than are
perchers. Members of the Aeshnidae and Corduliidae are typically
fliers, and it is significant that the majority of crepuscular and
nocturnal dragonflies belong to these families. Those crepuscular
forms which do not do so, such as certain tropical Libellulidae and
Gomphidae, are almost all species which have adopted a flying
instead of a perching habit.
In the tropics a large number of species are crepuscular (see
Fraser, 1918, 1924, 1936b; Lieftinck, 1937, 1954). Most of them have
only been seen flying at sunset, but it is likely that more records
of dawn flights would exist if observers were about then. Insects
which regularly fly at both sunrise and sunset may be termed
eocrepuscular' (Haddow, 1945), to distinguish them from those in
which activity is restricted to sunset only. In any region, the
eocrepuscular dragonflies will be those which are the least tolerant
of high temperature and low humidity, since in most habitats the
temperature and saturation deficit reach their daily minimum near
dawn. In extreme cases, we find nearly all the daily activity occurring at dawn, as in certain species of Somatochlora. in Indiana
(Williamson, 1922, 1931c, 1932a). In most eocrepuscular species,
however, it is likely that the sunset flight is usually the main one.
Dragonflies known to be eocrepuscular include Planaeshna milnei
(Asahina and Eda, 1957), Gynacantha nervosa (Williamson, 1923b),
G. basiguttata (Lieftinck, 948b), G. subinterrupta (Lieftinck, 1954),
G. villosa (Corbet, 1961c), Heliaeshna libyana, Aeshna grandis
(Lucas, 1900), Anax junius (Wright, 1944b), Neurocordulia
yamaskanensis (Kennedy, 1922), Epicordulia princeps (Needham
and Westfall, 1955) and the libellulids Brachythemis leucosticta
(Carpenter, 1920), Zyxomma obtusum (Lieftinck, 1954), and Tholy`

mis tillarga.

Some dragonflies, such as Gynacantha helenga (Williamson
and Williamson, 1930), Tetracanthagyna degorsi (Lieftinck, 1954),
Brachythemis contaminata, Zyxomma petrolatum (Fraser, 1924)
and Tholymis tillarga (Fraser, 1936b), which usually commence
activity shortly before sunset, may continue to fly long after dark,
and a few, such as Macrogomphus phalantus (Lieftinck, 1954),
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Telephlebia godeffrovi godeilroyi (Tillyard, 1926), Ortlictrum Julia
(Corbet, 1961c) and Heliaeshna libyana, may remain active until

midnight or even later. It is rare for Odonata to be exclusively
nocturnal, but this is perhaps the case in Amphiaeshna ampla in
south-eastern Asia (Lieftinck. 194ob).
Crepuscular or eocrepuscular dragonflies are mainly tropical in
distribution. They usually have exceptionally large compound eyes,
are dark in colour and fly fast (Williamson. 1923b). They are often
caught at light. As might be expected, they choose heavily-shaded
resting sites during the day, and many are forest-dwellers, some of
which are passing the dry season as adults.
In certain areas of Uganda, it is common for Anisoptera to enter
European-type houses, and those which do so are almost invariably
forest species. The broad eaves and verandahs of these houses give
them a shaded appearance which is no doubt attractive to such
dragonflies when searching for resting sites. It is significant that
most of the records of Odonata caught in buildings elsewhere
(Williamson, 1923b; Fraser, 1933, 1936b; Byers, 1930; Gloyd, 1940;
Gambles, 1956b) refer to crepuscular or forest-dwelling species. A
dragonfly often found in houses in Uganda is Heliaeshna libyana.
Adults normally rest in forest during the day and fly between sunset and sunrise, and I once watched a mature male making repeated
attempts to hang up under the dark eaves of a house in the early
morning. Natural resting sites of crepuscular dragonflies may he in
dark thickets or stands of bamboo (Fraser, 1924, 1936b), in caves
(Wesenberg-Lund, 1913; Longfield, 1936) or inside forest or woodland (Asahina and Eda, 1957). It is consistent with their need for
low temperatures that crepuscular species sometimes fly by day in
well-shaded situations, such as heavy forest (Fraser, 1918) or tunnels
(Tillyard, 1917a). Such sites are probably selected visually. The
pattern of flight activity, however, is evidently determined mainly
by temperature. It is found, for instance, that when the ambient
temperature is changed by altitude, latitude, season or weather the
pattern of flight activity becomes modified in relation to this factor
rather than to the light-dark cycle. Thus Gynacantha millardi,
which is entirely crepuscular in the lowlands of India, becomes
diurnal in hill districts (Fraser, 1933). Species of Somatochlora
which fly mainly at dawn in Indiana (Williamson, 1922) are active
in the afternoon and at dusk in Canada (Walker, 1953): and on
Lake Erie Neurocordulia yamaskanensis is usually crepuscular, but
can be diurnal on overcast days (Kennedy, 1922). The bimodal
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diurnal activity pattern of temperate region aeshnids such as
Aeshna cyanea (Moore, 1953) is probably occasioned by flight inhibition near midday, since Walker (1912) has noticed that certain
species of Aeshna settle in the shade when the air temperature
rises above about 37°C.
Anax imperator, which in Europe usually flies throughout the
day (Moore, 1953), may settle for short spells during the hottest
hours in mid-August (Robert, 1958). And Aeshna cyanea, towards
the southern part of its range, likes to enter open woodland and to
fly at dusk and dawn at its margins when the weather is exceptionally hot (Robert, 1958). In such situations it also enters houses
occasionally, and is thus behaving almost exactly like a tropical
eocrepuscular Gvnacantha.
In strictly crepuscular species, the flight rhythm is doubtless
positioned exogenously by a response to light intensity, probably
via the ocelli (see Hess, 1920), even though temperature may he the
ecological factor which has necessitated the activity pattern. I once
disturbed a resting female Heliaeshna ugandica 22 minutes before
sunset. It immediately flew back into shade and hung up. Twentynine minutes later, seven minutes after sunset, it suddenly took off
without having made any perceptible movements in the meantime.
During this period the air temperature had changed hardly at all,
whereas the sky illumination had fallen from approximately 2,40o
to 14o lux (Nielsen, in press).
Although nearly all crepuscular dragonflies are Anisoptera, a
few Zygoptera also show a tendency towards this habit. In Canada
near Quebec, Enallagma vesperum does not appear on the wing
until about 1600 hrs, being most active between 1800 and 1900 hrs,
and continuing to fly long after sundown (Robert, 1939). The North
American Enallagma signatum also is active after sunset (Howe,
1917); and I have caught mature adults of Pseudagrion torridum
after dark near Lake Victoria.
Dragonflies of the second type, the perchers, are more versatile
in their ability to regulate their temperature, and consequently
their activity rhythm is less dependent upon the weather. Most
perchers are diurnal and belong to the Zygoptera, Petaluridae,
Gomphidae and Libellulidae. As mentioned earlier, their posture
and orientation can be adjusted to regulate the body temperature.
There is much to be learnt about the temperature relations of
perchers from a careful study of the postures they adopt, and it is
for this reason that accurate illustrations, such as those contained
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in the works of Schiemenz (1953b), Eda (1958) and Robert (1958),
are of such value. Jacobs (1955) has observed that, when exposed
to the sun and temperatures approaching 37°C, perched males of
Perithemis tenera lower their wings so as to shade the body, and
orientate the abdomen so as to prevent the sun's rays from striking
it perpendicularly. When the air temperature falls, the normal
horizontal posture is resumed. The perching attitude illustrated in
Fig. 93 is typical of that adopted by many libellulids at intermediate
temperatures within their activity range.

the Mexican Ervthemis pertIviana (Needham and Westfall, t955),
and I have seen it adopted by a female Crocothemis erythraea at
midday in Mozambique. The elevated perching posture adopted
by certain gomphids may have a similar significance. On such
occasions, a dragonfly alights with the body almost horizontal and
then, by successive small movements, adjusts the wings and
abdomen to their final positions.
At lower temperatures within their activity range, perchers show
a preference for settling on bare soil or rock, or on light-coloured
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FIG. 93. A male Onychothemis culminicola perched on a branch in the
sunshine in West Java. This posture is
typical of many libellulids at intermediate temperatures. The abdomen is
exposed to the sun's rays, but the wings
droop and shade the thorax. The midlegs alone support the body, the forelegs being folded up against the thorax,
while the hind-legs hang loosely. (Redrawn after an unpublished photograph by M. A. Lieftinck, 1938.)

At higher temperatures, many species tend to point the abdomen
towards the sun, in the manner described by Jacobs. In the tropics,
where the sun can be almost directly overhead at midday, this can
result in a remarkable obelisk-like posture being assumed (Fig. 94).
This is more often adopted by perchers which settle in the hottest
sites near the ground. Lieftinck (196ob) reports that it is particularly
common in Trithemis and allied genera, and in Diplacodes, which
settle on bare rocks or soil, It has also been recorded in males of

Flo. 94. A male Trithemis festiva assuming
the `obelisk' posture on a hot, stony
stream-bed at midday in West Java. The
wings shade the thorax and the abdomen
presents the minimum surface to the direct
rays of the sun, as is evident from the size
of the shadow beneath it. (Redrawn after
an unpublished photograph by M. A. Lieftinck, 1939.)

surfaces, including the clothing and skin of humans. The Japanese
Sympetrum croceolum, which is common at the top of Mt. Fujiyama (3,750 m.), likes to rest on warm rocks exposed to the sun
(Bartenef, 1915). Indeed the name Sympetrum is probably descriptive of this characteristic habit of members of the genus. WesenbergLund (1913) noticed that, at 7-8°C near midday in autumn, species
of Sympetrum in Denmark settled on his hands; and on a cool
September day in southern England Svmpetrum striolatum repeatedly came to rest on a book I was reading out of doors. Behaviour
which is essentially similar has been recorded in the petalurids
Tachopteryx thoreyi (Byers, 1930; Westfall, 1942), Tanypteryx
hageni (Svihla, 1959) and Uropetala carovei (Wolfe, 1953), and in
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Sympetrum vicinum (Whitehouse, 1941), Argia moesta (Borror,
1934), and Pyrrhosoma nymphula (Corbet, 1952). An experimental
approach to this type of behaviour is suggested by Abro's observation (196 1) that adults of Sympetrum (mostly S. nigrescens)
watched by him in Norway showed a marked preference for settling
on those parts of boundary stones upon which a red ring had been
painted. On one occasion Abro saw 16 adults settled on a red
annulus about 5 cm. broad and 5o cm. in diameter.
It has often been noticed that dragonflies of the perching type
will return repeatedly to the same spot, but it is not known to what
factors they respond in order to locate it. For some species, the
position of the perch in relation to the surroundings seems to
provide a more important clue than its appearance, since if a
favoured resting site is displaced by only about 6o cm., the occupant
will return to the position it occupied previously rather than to the
perch itself (Goodchild, 1949).
Immature adults of Sympetrum sanguineum sometimes attract
attention by settling in enormous numbers, close together, on fences
or telegraph wires (Bartenef, 1930a). At such times there may be
more than one per metre without a gap for over 15o m. (Bartenef,
1919), such proximity being possible presumably only during the
maturation period. Perhaps artificial supports of this nature exert
a super-normal attraction. Near Rostow, Bartenef (1930a) found
that the orientation of settled adults was very constant, being related to the direction of incident illumination, so that they faced
away from the darkest part of their immediate surroundings. Such
a finding is consistent with the need for immature adults, during
a phase of active feeding, to perceive their prey in silhouette. This
habit of settling en masse on telegraph wires and adopting a constant orientation is also shown by Sympetrum costiferum in North
America (Kennedy, 1915a), Cratilla calverti in India (Fraser, 1924)
and Potamarcha congener in Malaysia (Lieftinck, 196ob).
Being less dependent upon the ambient temperature, perchers
do not exhibit the same degree of modification of their activity
rhythm as is shown by fliers. Some, however, vary their behaviour
according to the time of day in a way which is clearly related to
temperature. Diplacina Paula lethe is active at the tree-tops in the
early morning, but gradually descends to ground level as the sun
rises (Lieftinck, 1953c); and the widespread African libellulid,
Brachythemis leucosticta, settles on bare ground during the heat
of the day but remains constantly on the wing at dawn and dusk.

It is likely that the nocturnal resting sites chosen by diurnal
dragonflies are selected mainly according to temperature and incident light, since several species which have been observed at this
time settle near the tops of trees (Fraser, 1934) or in positions which
face the setting sun (Corbet, 1957d; Neville, 1959c; Moore, 196o).
Local pockets of high temperature may also be responsible for the
gregarious roosting habits shown by some species (Kellicott, 189o;
Williams, 1936; Penn, 195o; Neville, 1959c), and for the fact that
sometimes several individuals may choose the same twig to perch
upon at this time (Williamson, 1909). The further investigation of
factors which influence the selection of roosting sites in Odonata
might be of value, since field studies would be greatly facilitated'
if aggregated populations could be examined at night while the
individuals were unable to fly. The large collections of Anisoptera
located by Penn (195o) reveal the possibilities such an approach
might have.
Most, if not all, Odonata rest vertically at night, the smaller
Zygoptera amongst plants such as Juncus or Equisetum (WesenbergLund, 1913), species of Calopteryx on leaves and stems of trees and
bushes several decimetres from the ground (Zahner, 196o), certain
libellulids amongst weeds and shrubs about 45 cm. from the ground
(Bick, 1949) and larger species usually higher in trees (Penn, 195o).
In this chapter it has been shown that the pattern of daily
activity is greatly influenced by temperature, and that consequently
it undergoes progressive modification with latitude, altitude and
season in a way closely comparable with that shown by the diurnal
rhythm of emergence. Indeed it is interesting to note that the
species which, being fliers, are least tolerant of high temperatures,
are also the ones which are able to maintain nocturnal emergence
at the highest latitudes. Despite the dominant role of temperature
in determining these rhythms, there are some patterns of flight
activity which cannot be explained solely on this basis.
It has been known for many years that in Europe and North
America several species of Aeshna which are normally diurnal also
have a flight at sunset (Hamm, 190o; Tiimpel, 1901; Williamson,
1923b). This dusk flight is not simply a continuation of the afternoon activity, but is a distinct event of relatively short duration.
This suggests firstly, that the sunset flight represents the manifestation of an endogenous rhythm, and secondly, that it may be the
result of two sections of the population behaving in different ways.
Certain observations conform with this view. A female Anax im-
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Aerator which emerged in captivity in southern England at 2030
hrs G.M.T. on 3rd May, first flew at 0420 the next morning. Thereafter, it only became active at about 1900 hrs on 4th, 0400 and
2130 on 5th, and o800 on 6th. On 7th May it became active at 1200
and was released. This individual was exposed to normal daylight
and was eocrepuscular for the first two days of adult life but diurnal
thereafter. An Aeshna cyanea which emerged on the evening of
13th June and was subsequently kept completely dark first flew at
1900 hrs on the 14th. Lieftinck (1953d) observed that a captive
Macromia arachnomima, which emerged at night, only became
active shortly before sunset for the first three days of adult life.
These observations are of course extremely few, but they all point
to an interesting conclusion : that the maiden flight at dawn (not
shown by the Aeshna cyanea kept in the dark) is exogenously induced by low light intensity and that for the first few days of adult
life an endogenous rhythm positions activity at sunset. As early as
1926, Bremer remarked that in the fly, Pegomyia hyoscyami, the
time of greatest adult activity is also the time of emergence, and
in these dragonflies the same would appear to be the case, except
that here only juvenile adults are involved. We should therefore
accept the possibility that in certain Odonata the activity of young
adults is influenced by an endogenous rhythm, perhaps related to
that of emergence, and that, as the adults mature, their activity
rhythm changes accordingly. The persistence of rhythms in successive developmental stages of insects is not without precedent
(see Corbet, 196ob), and is obviously a phenomenon most likely to
be manifest in those which, like dragonflies, mature relatively
slowly.
An age-dependent change in flight rhythm could be of adaptive
value in effecting temporal separation of immatures and matures
(see p. 142), since in most, if not all, species reproductive activity
appears to require a higher temperature than either flight or feeding. This is indicated by the behaviour sequence of diurnal dragonflies such as Platycnemis pennipes (Buchholtz, 1956) and Libellula
quadrimaculata (Moore, 1960). As the rising sun warms the air
surrounding the roosting site, the dragonfly first moves its legs,
wings and abdomen, and then begins to clean the eyes and antennae
with the fore-legs. Soon afterwards it takes to flight and feeds for
a time before commencing sexual activity, which is limited to the
hottest part of the day. Similarly, as the temperature falls, first
sexual activity and then feeding and flight cease, until the last
1
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actions which can be discerned are slight movements of the body
and appendages. The same sequence probably exists even in crepuscular fliers, though less often observed. In Uganda, males of
Gynacantha bullata show sexual behaviour during the day when
patrolling low over the herb layer in dense forest, but not at sunset
when they are feeding at the forest margins and above the canopy
(Corbet, 1961c). In the same habitat, Heliaeshna libyana, which is
eocrepuscular and nocturnal, has been seen mating at ground level
an hour after sunset, whereas at dawn above the canopy matures of
both sexes feed together without behaving sexually.
There are indications that in some species the two sexes may have
different temperature thresholds for activity. On days when males
of Aeshna viridis become active at o800 hrs, females do not do so
until midday (Rantalainen and Kanervo, 1928), and in Perithemis
tenera (Jacobs, 1955) and Platycnemis pennipes (Buchholtz, 1956)
females usually arrive over water 10-60 minutes later than the
males. An extreme example of this difference is provided by the
flight activity curves for the two sexes of Aeshna juncea at a highland lake in Caucasia (Bartenef, 1932). Males were present from
about 0700 to 2000 hrs, with a peak from 1200 to 1600, whereas
females were scarce until 1600 and commonest from 1700 to 2000
hrs.
From what has been said it can be seen that the responses of
adult dragonflies to temperature depend upon their age as well as
their sex. This suggests that some individuals may enter the postreproductive phase partly because they can no longer maintain
sufficient activity to keep warm. Kennedy (1915a) states that " very
old" adults of Ophiogomphus morrisoni appear weak and cannot
properly adopt the characteristic settling posture, while old pruinose males of Plathemis lydia are said to prefer whitish perches
(Needham and Westfall, 1955), an indication that they are attempting to raise their body temperature. Old males of Cordulia aenea
fly along sunny sheltered sites away from water and alight on
bushes or sloping ground, this being quite unlike their behaviour
during the first month of life, when they never settle during the
day in sunshine (Robert, 1958).
The second ecological requirement of adult dragonflies to be
considered in this chapter is that of protection against predation
or molestation. When discussing this it will be convenient to distinguish between two processes : (1) predation by other organisms
or dragonflies; and (2) molestation of immatures by matures of the
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same species. The former process appears to be the less important
ecologically and will be considered first.
Except at emergence (see p. 112) or during oviposition (see p. 26),
adult dragonflies seem to suffer only slight predation. They may be
captured in flight or, more rarely, when settled.
There are only a few birds which regularly prey on mature
Odonata in flight. Unfortunately it is seldom made clear in published accounts whether or not the dragonflies eaten were mature,
but it has been established that certain falcons specialise in catching
matures of larger Anisoptera (see Kennedy, 195o). One such bird
is the hobby, Falco subbuteo, which in Europe is known to fly on
a set course around pond margins and to prey on matures in flight
(Martin, 1891). Individuals watched by Martin concentrated on
larger dragonflies, in particular Aeshna affinis, A. isosceles, Anax
imperator and Libellula quadrimaculata, and each consumed about
8 or 9 insects an hour. I have seen a falcon, probably a kestrel,
Falco tinnunculus, make a successful stoop on Anax imperator
during the sunset flight in England (Corbet, 1957d), and also a
small falcon, probably Falco cuvieri, feeding on an aggregation of
Pantala flavescens at sunset in Uganda. Other birds which probably
take substantial numbers of mature Anisoptera are bee-eaters; these
have been recorded as eating Anax imperator and other aeshnids in
Europe (Barham et al., 1956) and Brachythemis leucosticta in
East Africa (Carpenter, 192o), while in Czechoslovakia, Merops
apiaster may feed principally on dragonflies, especially when rearing
a brood (Matousek, 1951). Kingbirds in North America can catch
mature Plathemis lydia engaged in pursuit flights over land (Jacobs,
1955). Over the water, Tiimpel (1901) considered the only important
avian predators to be kingfishers, which are adept at catching
dragonflies skimming close to the surface (Tillyard, 1917a). Herons
are known to take species of Calopteryx and Coenagrionidae (Owen,
1955), and so are terns (Martin, 1891). Other occasional predators
at the aquatic habitat are larger dragonflies and small crocodiles.
In Lake Victoria the latter feed on mature Anisoptera, apparently
catching them as they fly close to the surface of the water (Corbet,
959).
From birds, the larger Anisoptera probably derive significant
protection from their size and aerial agility. In most cases flightspeeds recorded for Anisoptera in still air have only been of the
order of 25-35 km. per hour (Demo11, 1918; Magnan, 1934; Jacobs,
1955). An oft-quoted exception has been Austrophlebia costalis,
1
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estimated by Tillyard (1917a) to have achieved a speed of about
10o km. per hour along a stream valley. It now appears that,
although this might have been the ground speed of the individual
timed by Tillyard, it could not have its air speed. On the basis of
its aerodynamics, Hocking (1953) has calculated that A. costalis
would be physically capable of an absolute maximum air speed of
only 57.6 km. per hour. So A. costalis is evidently not the exception
it appeared to be. As Hocking points out, allowance must be made
for such factors as a following wind and a downhill flight-path when
speeds of flight are being estimated in nature. It is probably true to
say that Odonata rarely if ever exceed the air speeds calculated by
Hocking for A. costalis. This leads us to the conclusion that the
aerial agility of dragonflies provides a more effective protection
against birds than their speed of flight. Nevertheless Hankin (1921)
has described how a dragonfly capable of gliding can, under certain
circumstances, " easily outdistance " a swallow. This it can achieve
in the presence of wind and sunshine by a combination of soaring
and flapping flight. When a dragonfly wishes to check its speed, it
may lower the abdomen and hind-legs which then act as air-brakes
(Hankin, 1921). The flight mechanism of dragonflies, a subject outside the scope of this book, has been studied and reviewed recently
by Tannert (1958) and Neville (196ob).
Certain tropical Anisoptera with coloured wings are thought to
derive protection from birds on account of their resemblance to
large Hymenoptera when in flight. Fraser (1924, 1936b, 1949) has
suggested that the Indian libellulids, Nannophya pygmaea, Neurothemis tullia tullia, Palpopleura lucia, P. sexmaculata, Rhyothemis
triangularis, Tetrathemis platyptera and Trithemis kirbyi, are
mimics of this sort, with regard to their colour and their mode of
flight. The widespread African libellulid, Brachythemis leucosticta,
develops transverse dark bands on the wings when mature, and
presents a flickering appearance when in flight similar to that of
a sphecid wasp which often occurs in the same habitat. I have twice
been in the company of persons who mistook B. leucosticta for a
wasp. The fact that bee-eaters commonly eat this dragonfly is
evidence neither for nor against the effectiveness of this resemblance
since these birds regularly feed on stinging Hymenoptera (Carpenter, 1920). Although some of the examples mentioned may represent
true cases of mimicry, it must be remembered that certain of the
features which contribute to a resemblance to Hymenoptera may
have other more important functions. For example the dark wings
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of Rhyothemis variegata may be used for species recognition (see
Hankin, 1921), and those of Pa1popleura lucia for aggressive display
(Moore, 196o). A zygopteran in which mimicry has been suggested
is Acanthallagma strohmi, which in flight is said to resemble a bee
or a fly (Williamson and Williamson, 1924b).
Dragonflies small enough to be eaten by larger ones probably
minimise this kind of predation by their habit of perching, as in
Libellulidae, or of flying extremely close to the water surface, as
in Coenagrionidae. Other predators which occasionally cause
mortality among flying Odonata are spiders. It is the smaller
Zygoptera that are principally affected, both because they fly closer
to vegetation amongst which webs are suspended, and because,
once entangled, they lack the- strength needed to extricate themselves (Le Gros, 1953). Megalagrion oahuense has been found in a
spider's web amongst the stands of ferns through which it flies
(Williams, 1936), and it is evident that small forest-dwellers of this
sort must be unusually exposed to such a danger. Although a fully
mature female Aeshna tuberculifera has been found in a web
(Walker, 1912), the larger Anisoptera are usually able to break free
and escape, except perhaps when immature (see Le Gros, 1953).
Crepuscular species are presumably more likely to blunder into
webs, and the wings of Gynacantha are often covered with them
(Williamson, 923b). In exceptional circumstances, large webbuilding spiders may dominate a habitat, and when this happens
the flying behaviour of diurnal Odonata may be modified accordingly. On Lake Victoria some islands bear such large populations
of Nephila spiders that almost all the trees and shrubs are thickly
invested with their webs, the strands of which are unusually strong
and sticky (Carpenter, 1920). Under such conditions, diurnal Odonata fly slowly and furtively, and are reluctant to alight in shaded
sites. Such behaviour must be effective, since adults are very rarely
found in webs. One such instance was observed in Uganda by
Miller (1961), who found several wings of mature Gynacantha in
Nephila-webs on a forest margin. This must be regarded as the
result of a rare coincidence : a large, crepuscular dragonfly active
at a time when it was unable to see and avoid spiders' webs; and a
web strong enough to retain it.
When perched, many Odonata exhibit characteristic cleaning
movements, the main function of which is probably to free themselves of gossamer. Both Zygoptera and Anisoptera often clean the
compound eyes and antennae with the specialised tibial combs on

ADULT LIFE: GENERAL

1 39

the fore-legs (St. Quentin, 1936). Indeed, in species of Orthetrum
and Libellula cleaning may be the principal function of the forelegs, since they are seldom used for support by those that perch
more or less horizontally (see Asahina and Eda, 196o). This is unlike
the condition in Cordulegasteridae and Aeshnidae, in which all
three pairs of legs are used to support the body (see Frontispiece;
and Robert, 1958). After cleaning the eyes and antennae with the
fore-legs, dragonflies may then clean the combs with the mouth,
or rub the legs together. Krieger and Krieger-Loibl (1958) have
noticed that these preening movements may follow a characteristic
sequence ; head, legs, head, abdomen, legs, wings, legs, and so on.
In certain Lestidae the drops of water which adults sometimes
collect in their mouthparts are apparently manipulated to wash the
eyes, head and legs (Loibl, 1958). Although interpretations of their
function vary (see Cowley, 1937), it seems likely that the tibial
combs are primarily adapted for cleaning. A study of their shape in
relation to that of the compound eyes might throw light on this
question. Other types of behaviour which probably serve as cleaning movements have been recorded (see Moore, 1960). Small Zygoptera may separate the wings by passing the abdomen between them,
and others, as well as Aeshnidae, may rub the end of the abdomen
with the hind-legs. Calopteryx splendens has been seen to clean its
ovipositor by rubbing it against a blade of grass (Buchholtz, 1951).
Perched dragonflies appear to have few predators. Occasionally
they may be entrapped by settling on leaves of Drosera (Darwin,
1875; Tillyard, 1917a), or on the spiny fruits of certain Compositae
(Neville, 196oa); and Tillyard (1917a) as described how an adult
of Diphlebia lestoides was taken by a lizard on the tail of which it
misguidedly settled. Williamson (1909) has seen a catbird pounce
on a settled Gomphus. Such events, however, are obviously exceptional. Asilids are probably some of the most frequent predators
of perched dragonflies, and Tetragoneuria spinigera (Whitehouse,
1941), Orthetrum brunneum (Schmidt, 1954) and Sympetrum
sanguineum (Gardner, 1950; Adamovie, 1956) have been seen to be
killed in this way. In general, however, perched Odonata seem to be
effectively protected by their cryptic coloration and posture, and by
their choice of a resting site. These qualities are exhibited to a
remarkable degree by certain species which settle on rocks, where
they are almost impossible to discern once the observer has allowed
his eyes to wander from them. Bradinopyga geminata in India
(Fraser, 1924) and B. cornuta in East Africa are species of this type,
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and another interesting example is the South African Chlorolestes
peringueyi which lacks the usual metallic colour of lestids, and
which settles with the wings open and pressed to the rock surface
(Barnard, 1937). Dragonflies such as Hetaerina titia (Byers, 193o) or
species of Notiothemis (Ris, 1921), which perch near the ground in
woodland, tend to have a chequered pattern on the body or wings
and to settle where there is a mottled background of light and shade.
Large crepuscular Gynacantha, which hang vertically during the
day in heavy shade, usually have a uniform brownish-green colour
which harmonises closely with their surroundings' (Needham, 1945).
Other Aeshnidae, which usually settle in more open sites, often
have a dappled, multi-coloured pattern on the abdomen which
similarly makes them very difficult to see, and which no doubt has
a protective significance (Tumpel, 1901; Miinchberg, '1956).
It appears that adults, as well as larvae, are sometimes able to
modify their colour according to their environment. It has been
noticed, for instance, that Paragomphus lineatus (Fraser, 1934) and
P. cognatus (Pinhey, 1951) tend to be pale in arid zones but dark
in regions of high rainfall. It is possible that, as happens in Glossina,
the intensity of adult pigmentation is determined by the humidity
of the environment during some critical phase of life (Bursell,
1960).
If perched dragonflies are alarmed they will usually attempt to
fly away; hence the need for perchers to maintain the body at a
temperature permitting spontaneous flight. Sometimes, however,
flight may be impossible (because of low air temperature) or unadvisable (in the case of newly-emerged individuals) and then a
`threat posture' may be assumed. In a female Anax imperator this
involves raising the abdomen dorsally (Corbet, 1957d), and in Coenagrionidae the wings are often flicked open as well (Fig. 95) (Moore,

Fm. 95. A male Ischnura elegans adopting the threat posture. The abdomen
is raised and the wings flicked open.
(Redrawn after Moore, 196o.)
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1960). When an adult dragonfly is grasped by the anterior part of
its body, it often uses defence behaviour similar to that shown by
the larva, bending its abdomen forwards and making stabbing
movements. This behaviour is apparently shown only by longbodied dragonflies (it is particularly well-developed in the attenuated
Microstigma maculatum (Hingston, 1932)) and in the adult its only
possible function can be to call a predator's bluff by warning display. That it has achieved this where human beings are concerned
is amply demonstrated by the formidable, though fictitious, properties which have been attributed to Aeshnidae and Cordulegasteridae in local folk-lore (Williamson, 1931a; Tjonneland, 1951; Moore,
1960).
It should be mentioned here that the so-called stridulatory organ
described in an Aeshna adult by Berlese (1909) is without doubt the
intricate gravitational orientating device, the operation of which
has been analysed by Mittelstaedt (1950). Gardner (1955) reports
having heard a captive Aeshna cyanea adult emit a sound, but has
confirmed (196o) that this was probably an accident, and not the
product of an effective sound-producing organ. Sound is evidently
not used for defence by Odonata adults, nor do they usually respond
noticeably to noise, although there are indications that some species.
as for instance Libellula vibrans, may be able to " hear " the arrival
of larger animals (see Wright, 1943b)•
The second process against which Odonata must protect themselves is the molestation of immatures by matures of the same
species. In nature this seldom occurs, because of the behavioural
adaptations which exist to prevent it, but it is well known that
matures will attack, and sometimes devour, immatures of their own
species if given the opportunity, This has been observed in Indophaea dispar (Fraser, 1934) and Pyrrhosoma nymphula, and may
in some cases be the result of diverted drive after an abortive
attempt to mate (see Moore, 1952a). The need for immatures to
avoid matures will obviously become more pressing in confined
habitats where dispersal is restricted (see p. 186). If the avoidance
is to be successful, it can only be achieved by immatures and matures
adopting different behaviour, and thus responding differently to the
same stimuli. It is evident, then, that when considering this question
we must look for age-dependent changes in structure and behaviour.
There are three ways in which segregation of the two groups could
be effected : visually, temporally, and spatially.
Immatures often achieve immunity visually, because they do not

I42

A BIOLOGY OF DRAGONFLIES

provide the appropriate sign-stimuli which elicit the mating response. This subject is discussed in Chapter VII, but an aspect which
should be mentioned here is that, during the process of maturation,
some species lose their cryptic coloration. Tyriobapta torrida, which
settles on tree-trunks, only harmonises with its background when
immature (Lieftinck, quoted by Fraser, 1936b). In Crocothemis
saxicolor, only females and immature males resemble the rocks on
which they perch (Pinhey, 1951); and it is a habit of immature
females of Perithemis tenera to alight on daisies against which they
are very inconspicuous (Jacobs, 1955).
A second way in which immatures can avoid matures is by flying
at a time when reproductive behaviour does not occur. This consideration is especially important during the maiden flight which
must begin at the breeding site. Hence we find that this flight
usually occurs early in the day, and nearly always before the arrival
of the first matures. Nocturnal emergers typically fly shortly before
sunrise, probably in response to light of low intensity, even though
this may entail prolonged wing-whirring beforehand in order to
take off at low air temperatures. Diurnal emergers tend to emerge
as soon after sunrise as possible and to fly shortly afterwards. The
closely synchronised seasonal emergence of certain spring species
could be of adaptive value in this respect since, in Anax imperator,
over 87% of the annual population can have left the emergence
site before the first mature males return to it again. During the
first few days of adult life, when immatures are most vulnerable
because their cuticle is still relatively soft, it is possible, as mentioned earlier, that in some species flight activity may be restricted
to the twilight periods. Were this to be the case, it would not matter
if matures also flew then, since they do not usually exhibit sexual
or aggressive behaviour at this time of day.
The spatial separation of immatures and matures is a phenomenon with which many observers are familiar, and involves an
age-dependent change in habitat selection. This is first manifested
during the maiden flight when adults orientate so as to fly away
from water (Fig. 96). The behaviour of adults of Anax imperator at
this time is probably typical of many Odonata. After becoming
airborne they rise slowly, working their way through the overhanging vegetation which shaded the emergence site, until about
3 m. above any obstacles impeding their view; they then fly rapidly
away in a well-defined direction (Corbet, 1957d). The negative taxis
dragonflies show to water at this time probably occurs in response
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FIG. 96. The orientation of adults of Anax imperator on the maiden flight
from a small pond about 8o m. long. Radii in circles show the directions of
flight from each of the release points to which newly-emerged adults had
been transferred during the night. Release point 5 was about 40 m. from the
pond, out of sight of water. (From Corbet, 1957d.)

to a large reflective surface. If, during the maiden flight, they
encounter a second body of water (Moore, 1954), or even sometimes
a road, they will veer away from it. The negative taxis to water
persists throughout the maturation period.
The distance flown on the maiden flight varies according to the
species, topography and weather, and probably also the migratory
condition of the individuals concerned (see p. 188). Adults of
Pyrrhosoma nymphula seldom fly more than about 6 m. before
alighting (Corbet, 1952), but this is usually far enough to take them
beyond the shore zone where sexual activity takes place. Some
Zygoptera, however, may fly until out of sight (Moore, 1954). Those
Anisoptera which have been observed at this time do not usually
fly far (Table VIII). Of the so flights observed by Moore, none was
certainly longer than about zoo m. The average distance flown by
Libellula quadrimaculata was about zo m. and by Sympetrum
striolatum about 3o m. (Moore, 1954). Anax imperator usually
flies farther than this, and some adults fly until out of sight,
very much more than 200 m. away. Air temperature may affect
the distance flown, since flights appear to be shorter on cold
mornings.
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TABLE VIII
Distances flown by Anisoptera on the maiden flight
(mainly from Moore, 1 954)
Approximate
range of distance
Species
Number of
(metres)
records
7
is to 200
Brachytron pratense
20 to much more than
Anax imperator (Corbet, 1957d) 36
Ito more than loo
Octhetrum cancellatum
4
28 to 8o
Libellula depressa
2
2 to more than 75
L. quadrimaculata
23
0 to 200
Sympetrum striolatum
14

200

It has been stated that, although the maiden flight is orientated
away from water, it is not directed towards anything, and that
newly-emerged dragonflies frequently alight in unsuitable sites from
which they later move (Moore, 1954). It is well to bear in mind,
however, that this need not invariably be the case. There are
several observations on record which suggest that, after the initial
orientation away from water, the flight may be directed towards
trees. Cordulia aenea (Wesenberg-Lund, 1913), and Corn phus plagiatus (Byers, 193o) have been seen to fly to the tops of trees at this
time, and flights towards woodland have been stated to occur
generally in newly-emerged dragonflies by Tiensuu (1934, 1935) and
specifically in Plathemis lydia by Jacobs (1955)• It would not be
surprising if such a response were to be found in some dragonflies,
since newly-emerged individuals of another insect, Melolontha
melolontha, fly first towards trees, which are located by the characteristic silhouette they present on the horizon (Schneider, 1952).
Furthermore it has been found that if mature adults of Calopteryx
splendens are released in an unaccustomed situation, more than
6o m. from the shore over a lake, they tend to fly towards conspicuous objects such as trees or huts (Zahner, 196o). It may be that
certain species of Odonata will fly towards trees if they happen to
discern them during the maiden flight, but otherwise will proceed
without specific orientation. Thus both the species and the appearance of the habitat may have to be taken into account before the
presence or absence of such a response in dragonflies can be established
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It is well known that the maturation period is spent away from
the breeding site. During this phase certain North American
Lestidae and Coenagrionidae may remain deep in woodland
(Walker, 1953) and Gomphidae in fields or woods away from water
(Williamson, 1932a). In species for which dispersal has no particular
adaptive significance (see Chapter VIII) immatures probably remain
in the immediate hinterland. In Calopteryx splendens, for instance.
the ' neutral zone' in which no sexual interaction occurs, begins
only 10-8o cm. from the bank of the stream over which territories
are established (see Fig. 99, p. 159).
Spatial segregation of immatures and matures can also occur
vertically, a circumstance which may have special significance in
highland or forest streams where the hinterland is very restricted
and perhaps unsuitable. In Epiophlebia superstes flight is usually
confined to the narrow mountain valley where breeding occurs, but
the immatures feed high in the air around the tops of trees, whereas the reproductive flight of the matures occurs low over the stream
(Asahina, 195o). It may be for the same reason that some streamdwellers, such as Acrogomphus fraseri (Fraser, 1934), have developed the habit of flying around the tops of trees, and that others,
such as species of Zyonyx (Fraser, 1936b; Pinhey, 1951; Lieftinck,
1954), soar at great heights when immature.
With the approach of sexual maturity, the ta xis to water changes
to become positive. When passing through this transition phase,
male Anax imperator will make flights of a few minutes' duration
over water and then return to the hinterland (Corbet, 1957d).
Similarly there is a marked tendency for male and female Perithemis tenera arriving early in the season to fly high and away from
a pond after only a brief examination (Jacobs, 1955).
During the reproductive period it is characteristic of nonmigratory dragonflies, particularly males, to roost and feed near a
mating site to which they make regular visits when the weather
is favourable. Moore (1953) has described the temperature-dependent
pattern of daily movements from roosting to breeding sites and back
in the diurnal species Sympetrum striolatum. In mid-September
in southern England, adults began to leave the roosting area (a
hedge) at about moo hrs G.M.T. and were commonest at the breeding site, some zoo m. away, at about noon. In the intervening period
they were found in fields midway between the two areas. A return
movement began at about 1400 hrs, and most had returned to roost
by 1700 hrs. Adults of Calopteryx splendens, which roost near
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the breeding site, and move to their territories between 0600
and o800 hrs, return to roost if the air temperature falls below
16°C or the light intensity below 3,000-5,000 lux (Zahner, 1960).
In Plathemis lydia, a diurnal libellulid which appears to have a
bimodal activity rhythm over water, the daily pattern is not so
simple as in Sympetrum striolatum. Each day mature males show
two peaks of arrival, one before, and the other after, midday. Jacobs
(1955) found that the time of day at which some males arrived was
quite constant, it being possible to recognise about 73% of marked
individuals according to whether they arrived in the forenoon or
the afternoon. This finding shows that the bimodal activity pattern
of a population (in this case presumably occasioned by a temperatureinhibition near midday) can sometimes be maintained by the
staggered, unimodal rhythms of the individuals composing it.
To conclude this chapter, reference may again be made to its
opening statement, that several factors must be taken into account
if the behaviour of adult dragonflies is to be understood. From what
has been said, it is evident that age is one of the most important
of these factors, and that the study of characters which enable the
age of adults to be determined is likely to be of considerable value
in the future. I have recently (in press) compiled a short review of
the main characters which can be used for this purpose in dragonflies. Some of them are mentioned in other contexts elsewhere in
this book, but it will be appropriate to summarise them here. During
the maturation period, age-dependent changes can be discerned
in the colour and texture of the body and wings, and, in some
species, in the condition of the ectoparasitic larvae of hygrobatid
mites which invest the thorax and abdomen. Sexual maturity is
associated with the activities of copulation and oviposition, both of
which can leave distinctive signs. Females which have mated may
retain marks where they have been grasped by the male inferior
appendage, either as impressions in the compound eyes (Fig. 104,
p. 166) or occipital triangle, or as a residual sticky substance on the
thorax. Males which have mated sometimes possess distinctive
scratches on the dorsal surface of the abdomen, made by the tarsal
claws of the female (Plate VI). Females which have oviposited
can always be recognised by the follicular relics and degree of
tracheal extension in the ovaries, and sometimes also by the damage
or soiling of the abdomen and wings.

CHAPTER VI
ADULT FEEDING BEHAVIOUR
A D U L T dragonflies begin to feed soon after emergence, and continue to do so throughout life. Cordulia aenea has been seen feeding
at about midday on its first day as an adult (Wesenberg-Lund,
1913), at which time it can only have been a few hours old, since
emergence occurs in the early morning. Calopteryx Virgo and C.
splendens are said to begin feeding on the second day of life (Buchholtz, 1951). Anax imperator has been observed feeding four days
after emergence (Corbet, 1957d), although it doubtless begins earlier
than this as a rule.
Like their larvae, adult dragonflies are generalised, obligate
carnivores which feed on almost any animal that is small enough
to be captured and not too tough to be masticated. They feed in
flight, using the legs to capture the prey and transfer it to the jaws.
The legs of Odonata are highly specialised for this purpose, particularly with regard to their position, relative length, articulation
and complement of spines (St. Quentin, 1953). The oblique disposition of the thoracic segments, associated with the forward
setting of the legs, is a feature of great antiquity, from which it can
he deduced that Odonata have been specialised to feed while in
flight from an early stage in their evolution. Having caught their
prey, dragonflies will sometimes alight to consume it, particularly
if it is large. Anisoptera, however, seldom settle to devour insects
of the size of small Diptera, and when feeding on them remain
continuously on the wing. Flight is not a prerequisite for consummation of the feeding act, since captive adults held by the
wings will chew and ingest food that is presented to them.
In the compound eyes of Anisoptera the facets on the upper
surface are usually larger than those on the lower. There is often
a gradual transition in the size of facets between the two extremes,
although in many Lihellulinae a nearly horizontal line separates
the upper and lower portions of the eye. Even in such cases the
facet-size within the lower portion gradually decreases ventrally
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(Calvert, 1893), It has been suggested by Exner (1891) that when the
eyes of dragonflies are divided in this manner the lower part is used
for the perception of the form of resting objects, and the upper part
for discerning movement. It is not surprising, therefore, to find
that adults may take their prey in one of two ways : from a surface
if it is resting, or from the air if it is in flight.
Of the two feeding methods, the capture of resting, or attached
prey is the less often observed, although it may be commoner than
is generally realised. Both Anisoptera and Zygoptera sometimes
feed in this way, but the latter do so more frequently. Tiimpel
(1901) records that Zygoptera often take settled aphids from plants,
and the Hawaiian Megalagrion oahuense has been seen to pick up
a moth and a jumping spider from a fern-leaf (Williams, 1936).
Enallagma cyathigerum will hover near a bush and remove beetle
larvae from the leaves (Corbet, 1960a). An Orthetrum has brushed
against an observer's face to catch a tsetse-fly which had settled there
(Campion, 1921), and adults of Cory phaeshna ingens have been
observed flying up and down tree-trunks searching for, and catching, eye-gnats which they also took from the skin of the human
observer (Wright, 1946a). Aeshna juncea is said to look in the cavities
of bark for prey (Wesenberg-Lund, 1913); and on an autumn evening on the island of Reichenau, I once watched two Aeshna mixta
searching amongst crevices high in the wall of an old church tower.
One of the most remarkable instances of Anisoptera feeding in this
manner is that recorded by Geest in Bavaria (1905). He watched an
Aeshna grandis eating small frogs which it was picking up from
the ground. Apparently the dragonfly was so engrossed in this
activity that Geest had no difficulty in capturing it!
An event I once witnessed near Muheza, in Tanganyika, provides
strong support for the hypothesis that dragonflies discern resting
prey by its form rather than by the slight movements it may make.
A female Pseudagrion nubicum was flying amongst shaded vegetation and feeding by picking small insects off the leaves. On one
leaf was a small gall, about 2 mm. in diameter, which was conspicuous on account of its pale colour. The dragonfly flew repeatedly
at this gall, evidently trying to remove it from the leaf. It is difficult
to find any explanation for this observation other than that it was
the shape of the gall which elicited the response.
The capture of flying prey constitutes the type of feeding behaviour for which the Odonata are best known. It is probably the
more prevalent of the two methods in both sub-orders, but par-
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ticularly in Anisoptera. There can be little doubt that dragonflies
feeding in this way perceive the prey visually, chiefly by its movement. Adults, especially of Anisoptera, are very sensitive to movement. Hemicordulia tau (Tillyard, 1917a) and Sympetrum striolatum (Moore, 1953) respond to abrupt movements up to to and 13
m. away from them, and Petalura gigantea up to 20 m. away (Tillyard, 1917a), while Bilek (1953) has recorded the remarkable instance
of an aeshnid flying at a height of 3 m. rising to investigate two
others at 4o m. The flicker-fusion frequency in adult Anisoptera is
high (Ruck, 1958), and thus also their ability to resolve relatively
small moving images. This must be of prime significance to them
when hunting small insects at crepuscular light intensities. A
striking observation in this connexion has been made by Abro
(1961), who noticed that his chances of catching aeshnids were
substantially improved if he wore a black and white chequered
shirt. The dragonflies would readily come to investigate this, particularly near sunset. It seems that it gave the impression of many
small movements and thus elicited the hunting response, whereas
a unicoloured costume would have presented a large moving image
and thereby elicited the avoiding reaction so familiar to would-be
collectors of large Odonata.
Anisoptera usually perceive their prey when it is above them,
and therefore approach it from below. In species which are perchers,
such as Celithemis elisa (Williamson, 1889) or Uropetala carovei
(Wolfe, 1953), males necessarily approach both prey and other
dragonflies from below. Fliers, on the other hand, tend to approach
prey and other males from below, but females from above (Mayer,
1957). Usually there is no difficulty in distinguishing whether a
dragonfly is engaged in a feeding or a reproductive flight. Apart
from behavioural differences, feeding usually occurs away from
water and often at a different time of day. Both matures and immatures of Epiophlebia superstes feed high up near the tops of trees,
before moo and after 1500 hrs; the reproductive flight on the contrary occurs low over a stream between these times (Asahina, 1950).
Similarly males of Perithemis tenera only rarely feed at a pond.
mating being their primary reason for visiting it (Jacobs, 1955). In
Tetragoneuria cynosura, the feeding flight (Fig. 97) differs strikingly
from the sexual patrol flight (Fig. 98). During feeding, which
occurs away from water from mid-morning to early afternoon,
there is little or no hovering, no aggressive interaction between
individuals, usually no area localisation, and considerable horizontal
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FIG. 98. Pattern of sexual patrol flight of Tetragoneuria cynosura over
a lake in Michigan. The two males, in adjacent territories, each face towards
the centre of the lake. Arrows indicate the directions of short flights between
hovering positions, which are represented by lines. (From Kormondy, 1959.)
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FIG. 97. Pattern of feeding flight of Tetragoneuria cynosura near a lake in

Michigan. Note the area covered and the absence of hovering. (From ,
Kormondy, 1959.)

and vertical displacement. The sexual patrol flight on the other
hand occurs over water in the mid-afternoon and is characterised
by prolonged hovering, interaction and localisation (Kormondy.
1959). A male Calopteryx splendens may feed while occupying a
sexual territory during the day, but even so the flight is quite
distinct from a reproductive inspection. When feeding, a male

makes a short flight upwards to catch the prey and then returns to
the settling base (Fig. 99, p. 159) to consume it (Zahner, 1960).
The movements described by Anisoptera during a feeding flight
depend upon the distribution and behaviour of their prey. Thus
when hawking along a lane or woodland margin, Gornphus graslinellus has a typically undulating flight (Whitehouse, 1941), owing
to its rising repeatedly to take prey above it, and the wildly erratic
flight which is characteristic of certain Gynacantha and Neuraeshna when feeding at sunset (Williamson, 1923b; Williamson and
Williamson, 1930) can be attributed to the same cause. Many
Anisoptera are so agile that they can closely follow the movements
of their prey even if the latter are engaged in swarming activity
(see Fraser, 1924). In this respect they are more efficient predators
than either bats or swallows which, when feeding on a swarm of
small insects, are obliged to swoop right through the swarm and
out at the other side and then to turn round and re-enter it. Dragonflies, on the other hand, make rapid dancing movements within
the spatial limits of the swarm itself. Since there is negligible interaction between individuals when feeding, large numbers of adults
will sometimes congregate to exploit a big swarm, and the result
can be impressive. So that it shall not be confused with the process
of swarming itself, this activity may be termed ' swarm-feeding '. In
accordance with the well-known habit of the prey insects, swarmfeeding usually occurs at dusk or dawn and often near the tops of
trees. Consequently it is not always possible to see the swarming
insects upon which the dragonflies are feeding. This has lent an air
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of mystery to this particular activity of Odonata (see Rau, 1945)
which should long since have been dispelled.
An unequivocal representation of swarm-feeding, depicting
several adults of different species congregating at a food source, was
given by the thirteenth century Chinese artist, Ch'ien Hsiian, in a
delightful scroll painting entitled " Early Autumn " (in the Collection of the Detroit Institute of Arts). Swammerdam (c. 167 5) was
perhaps one of the earliest naturalists to remark that adult dragonflies collected in places where their prey was abundant. Later
Tiimpel, who observed dense aggregations of flying Odonata,
noticed that the individuals showed no aggressive behaviour, and
therefore concluded that they were probably feeding at this time
(see Tiensuu, 1935). In 1912, Wilson reported having seen Pantala
hymenaea congregating to feed at dusk, and he noticed that all the
dragonflies disappeared abruptly at almost the same moment—just
as some mosquitoes which swarm at sunset are known to do (Nielsen
and Greve, 1950). Walker (1912) observed several species of aeshnids
swarm-feeding on chironomids at dusk, and Kennedy (1917) recorded a similar aggregation comprising Anax junius and four
species of Aeshna. In more recent years, Wright (1943b, 1944a. b,
1945) has made detailed observations in Florida on swarm-feeding,
thus establishing beyond doubt the true significance of this behaviour. On various occasions he watched very large numbers of
Gory phaeshna ingens, Anax junius and Pantala flavescens feeding
at sunset on immense swarms of tipulids, mosquitoes, chironomids,
sand-flies and stable-flies, and he noticed that in some cases, particularly when feeding on stable-flies, the dragonflies would move
considerable distances to follow the concentrations of their prey.
Wright also observed swarm-feeding in Anax junius at dawn.
Although dragonflies have most often been seen swarm-feeding at
sunset or sunrise, they have occasionally been known to do so at
other times. Several thousand Tramea carolina, apparently engaged
in this activity, were seen at 1530 hrs in Florida (Wright, 1944a),
while Kormondy (1959) has observed two instances of aggregation
between 1300 and 1400 hrs in Michigan. In Uganda I have seen a
large group of Pantala flavescens swarm-feeding on small Hymenoptera between 10 15 and 1200 hrs.
A single group of swarm-feeding dragonflies will often comprise
several species, as well as both sexes of the same species. This is of
course consistent with the observation that these aggregations are
for the primary purpose of feeding, and that negligible interaction
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occurs within them. It is not uncommon for three or four species
to be intermingled in this way, and Kormondy (1959) has on one
occasion seen six species flying together in Michigan. These comprised Basiaeshna Janata, Somatochlora kennedyi, Cordulia shurtTetragoneuria canis, T. cynosura and T. spinigera, the latter
species providing the majority. Both sexes have been seen flying
together in Idionyx sa/fronata (Fraser, 1936b), Epicordulia princeps
(Wright, 1944b), Brachythemis leucosticta, Pantala flavescens and
Heliaeshna libyana. In Uganda, while standing on a high steel
tower, I once took a mature male and female of H. libyana with a
single sweep of my net as they were feeding together on a swarm of
stratiomyid flies, 16 minutes before sunrise. Tables provided by
Nielsen (in press) indicate that the light intensity at this time can
only have been about 17 lux. The dragonflies were flying at a height
of 40 m., this being about 13 m. above the canopy of montane forest.
The absence of interaction in swarm-feeding aggregations could
in most instances be the result of the ambient temperature being
below the threshold for reproductive activity. This was probably
the case with the two Heliaeshna libyana referred to in the preceding paragraph, since the female had already mated and oviposited.
It is also possible, however, that sometimes the absence of interaction may be due to immaturity of the individuals concerned, for
as we have seen, there is a likelihood that immatures may fly
mainly at sunset during the first days of adult life. Lieftinck (196ob)
has observed that specimens of Gynacantha, Heliaeshna and Oligoaeshna taken by him swarm-feeding at sunset in South Borneo and
Sumatra were all immatures in fresh condition. It would be interesting to study this question by making age-determinations of Odonata caught in feeding groups at dusk and dawn.
An interesting variant of swarm-feeding behaviour is shown by
the African libellulid, Brachythemis leucosticta. Matures aggregate
for feeding at dawn and dusk in the usual way, but what are presumably immatures will collect in groups away from water in the
middle of the day. No small insects can be seen swarming at this
time, but the dragonflies have a characteristic habit, well known
to travellers in Africa, of following a man or beast that is walking
over open ground. Many small insects rest in the grass in such
situations during the day, and it must be assumed that the dragonflies feed on them when they are made to fly up by the disturbance.
Adults of B. leucosticta will however follow a walking man over a
concrete pavement, where no small winged insects could possibly
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be resting during the heat of the day. This suggests that the stimulus
eliciting the ' following ' response is provided by a large, slowlymoving object, and not by the insects it feeds upon. This conclusion
is of interest in two respects. Firstly, Odonata usually avoid, rather
than congregate around, a large moving object; and secondly, this
behaviour resembles the host-seeking response of tsetse-flies and
horse-flies, but with the reason for it one step removed. One imagines
that such a following response in a dragonfly could well have
evolved in Africa where extensive areas of grassland are roamed by
large animals which must constantly be disturbing insects resting
in their path. Carpenter (192o) has noticed B. leucosticta in attendance on a hippopotamus which was feeding out of water during
the day. These responses of B. leucosticta provide a promising subject for future research. It is not often that an animal actively
presents itself to be investigated !
The movements which dragonflies make while swarm-feeding are
so characteristic that it is hardly possible to confuse this activity
with anything else. It should be noted, however, that certain species
of Enallagma may sometimes indulge in a type of swarming over
water which is apparently sexual in nature (see p. 161). The phenomenon of swarm-feeding has been discussed at length in this
chapter, both because it is highly instructive biologically, and because its significance has not always been properly understood in
the past. It should nevertheless be stressed that, compared with the
other ways in which adults feed, it occurs relatively seldom.
Adult Odonata are such efficient predators of smaller insects that
from time to time consideration is given to their possible value as
agents of control (see Lamborn, 189o; Schmidt, 1939; Wright, 1946a).
There are very few insects of medical or agricultural importance to
man that have not at some time been recorded as prey of Odonata.
Despite this, it has usually been concluded that dragonflies are
seldom likely to effect significant control of any particular prey
organism since, as facultative feeders needing an abundance of food,
they will always tend to eat what is most easily available. Hence a
species of insect made scarcer by their efforts will become progressively less attractive to them as prey.
The rare occasions on which adult Odonata have been observed
to effect significant reduction of other insects have usually resulted
from excessive aggregation, either of the dragonflies or of the prey.
In 1911, on the lower reaches of the Dnieper River, abnormally large
numbers of libellulids are said to have destroyed all the mosquitoes
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in a locality in a few days (Nezlobinsky, 1915), and during the spring
and summer of 1914, in north-west Russia, travelling hordes of
Libellula quadrimaculata greatly reduced the numbers of mosquitoes, simuliids and other insects (Charleman, 1915). Nevertheless.
Nezlobinsky emphasised that the degree of control he witnessed
was very exceptional, and it may be noted that even the vast
aggregations of Anisoptera seen swarm-feeding in the Florida
marshes did not reduce the mosquitoes there to a noticeable extent
(Wright, 1946a), although in this case both predators and prey were
aggregated.
A situation in which the aggregation of prey can result in its
significant reduction by Odonata is provided by bees flying from a
hive. Some of the larger aeshnids, such as Gynacantha nervosa
(Needham, 1945), Epiaeshna heros (Byers, 193o), Coryphaeshna
ingens and Anax junius (Wright, 1944b), have been seen to feed on
hive-bees, and in some cases to inflict serious losses upon them.
Evidently the dragonflies make use of the fact that the bees must
leave the hive one after the other by passing through a narrow
opening. This enables predators waiting outside to kill a greater
proportion of the population than would be possible were the bees
to depart en masse. Horatius Cocks employed the same principle
with like effect when defending the Sublician bridge against the
Etruscan army.
These exceptional instances merely serve to illustrate the general
rule that adult dragonflies, like their larvae, seldom reduce the
numbers of their prey to a significant extent. This fact may be
regarded as a measure of their success as predators.

REPRODUCTIVE BEHAVIOUR

CHAPTER VII

REPRODUCTIVE BEHAVIOUR
IN this chapter will be discussed those aspects of adult behaviour
which lead to successful mating and oviposition. While these are
being described, it will be helpful to keep in mind the more important ecological demands which dragonflies face at this time.

. The two sexes must meet at a suitable rendezvous.
2. Sexual isolation must be achieved economically, by the quick
and reliable prevention of interspecific mating.
3. Copulation must not be disturbed by interference from other
males.
4. The male partner must be potent and able to fertilise the
eggs of the female.
5. The ovipositing female must be protected from predators and
from disturbance by other males.
6. The eggs must be laid in a site suitable for survival of the
aquatic stages.
7. Overpopulation of the breeding site must be prevented.
Although some types of adult behaviour are clearly directed
towards meeting only one of these requirements, others appear to
meet several, though with different degrees of effectiveness. This
being so, I shall first describe the sequence of events which leads up
to copulation, and then consider the ways in which the different
types of behaviour may be seen to meet the demands listed above.
The events to be described are : meeting of the sexes; localisation;
male interaction and territorialism; intraspecific recognition; adoption of the tandem position; and copulation,
For the sexes to meet effectively, they must coincide in time as
well as in space. The seasonal restriction of emergence, which is so
marked in some species, will ensure that most of the annual population of males and females become mature at about the same
time, while the diurnal rhythm of flight activity will result in both
sexes visiting the mating site together. Males of some species arrive
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at the site slightly earlier in the season or in the days of the reproductive period than do the females (see p. 129). This has the important result that the first severity of male interaction is usually over
before the females begin to arrive. And in Perithemis tenera, as
mentioned in Chapter I, the early arrival of males probably reduces
predation of ovipositing females, since the latter will only be attracted to those sites at which males have survived. Near the equator,
where emergence is continuous, the temporal coincidence of the
sexes will depend for its effectiveness to a great extent on the balance
achieved between population size, longevity and dispersal.
To coincide spatially, males and females must possess the same
responses for selection of the mating site. Some aspects of this
question have been discussed in Chapter I. Here it must be stressed
that, although the mating site is usually in the same place as the
oviposition site, it need not necessarily be so, and a series can be
recognised between species in which the two sites are separate and
those in which they are identical.
Little is known about the mating sites of dragonflies which mate
at one place and oviposit at another. Such species are likely to be
those with oviposition sites that are widely dispersed, heavily
shaded, or otherwise unsuitable as meeting places or for sexual
activity. These species will presumably include forest-dwellers, especially those which oviposit in epiphytic plants or small containers.
The East African aeshnid, Gynacantha bullata, provides an
example of a sylvan dragonfly of this type. In Uganda, during the
day, males fly low over the herb layer of the forest floor searching
for females, and if they encounter one, mating occurs. Oviposition,
on the other hand, may take place in the evening in ground-pools
or heavily-shaded ditches where males arc seldom found. Another
forest-dweller, Hadrothemis camarensis, is apparently similar :
Neville (196oa) has seen adults in West Africa mating deep in the
forest, away from water, while oviposition probably occurs in
ground-pools (see p. i3). It is likely that the Australian megapodagrionid, Argiolestes amabilis, is also in this category. Tillyard
(1917a), collecting by streams in dense palm forest in Queensland,
obtained 195 females but only one male—a very marked reversal of
the usual sex ratio encountered in most Odonata at the breeding
site. This led him to suppose that the males of this species might
normally live in the tree-tops; and if so, it is probably there that
mating takes place. It would be interesting to discover the mating
site for such forest-dwellers as Mecistogaster modestus, which ovi-
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posits in epiphytic bromeliads (Calvert, I91113), and Megalagrion
oahuense, which oviposits close to the ground along the margins
of stands of ferns (Williams, 1936). In these species, meeting of the
sexes may perhaps be achieved, as in Gynacantha bullata, by
mature individuals being highly mobile within a narrow stratum
of the environment.
For most Odonata the oviposition sites, being exposed to the sun
and of restricted range, are favourable also as mating sites. Males
and females usually meet at the aquatic habitat, but at a place
which may not be exactly the same as the site where the eggs are
deposited. Thus, males of Uropetala carovei perch on shingle or
rock in the bogs where they breed, and fly up to any female which
they perceive flying above them. Mating occurs away from the bog
on nearby trees if these are present, whereas oviposition takes place
later within the vegetation of the bog itself (Wolfe, 1953). A similar
relationship exists between the exact sites for mating and oviposition
in most Aeshnidae and in many Libellulidae. An approach towards
the condition in which the mating and oviposition sites are identical
is shown by certain stream-dwelling Gomphidae in which males
congregate near the shallow rapids where the eggs are laid. And this
condition is actually reached by forms such as the North American
Perithemis tenera and Plathemis lydia (Jacobs, 1955) or the Palaearctic Calopteryx splendens (Zahner, 196o), in which the male
selects the oviposition site, which thereafter provides the focus for
mating activity.
After arriving at the mating site, a male dragonfly tends to become localised in one particular part of it. A male Calopteryx
splendens selects an area of stream which he will defend against
other males, and within which he will court females. Within this
' territory of defence' he chooses a smaller oviposition territory ',
comprising suitable vegetation (Fig. 99), to which he leads a female
after successful courtship and copulation. In a commanding position
within the boundaries of these territories he also selects a ' settling
base ', this usually being on a plant projecting o-5o cm. above the
water. From this he makes short feeding and inspection flights
(Zahner, 196o). Having selected a site, individual males of some
species tend to return to it on successive days, a phenomenon first
noted by St. Quentin (1934). This behaviour has been recorded for
individuals of Plathemis lydia and Perithemis tenera (Jacobs, 1955),
and Calopteryx splendens and C. virgo (Zahner, 196o).
The niche occupied during localisation is characteristic of aspecies,
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Fro. 99. The territories of a male Calopteryx splendens by the bank of a
stream. Sexual interaction occurs in a relatively small area, comprising part
of the bank (b) and the stream (c), but not in the neutral zone, over either
land (a) or water (d). A dotted line shows the limits of the territory of defence
(length about 2.5 m.), and the smaller ring within it the oviposition territory.
Floating Nuphar leaves are shown, and black marks indicate where females
have laid eggs after mating with the resident male. The male's settling base
on a Nuphar flower can be seen at the right-hand end of the oviposition
territory. An arrow indicates the direction of the current. (Redrawn and
modified after Zahner, 196o.)

and in all save the largest aeshnids is closely related to adult size.
In a productive lake in summer it is usual to find the small Coenagrionidae flying and perching very low over the water amongst
the emergent rushes or on floating plants, the Corduliidae slightly
higher around the margins of the open water or even out over it,
and the Aeshnidae patrolling at a height of several metres in a
relatively unrestricted fashion. Perchers, such as Lestidae, Gomphidae and many Libellulidae, usually rest on or near the shore. A
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few species will settle on floating objects well out over the water.
On Lake Albert in Uganda, males of Brachythemis leucosticta often
perch several hundred metres from the shore on the short sticks
used by fishermen as floats for their gill-nets. Indeed, the preference
this species shows for settling on floating objects may help to explain
why mature adults are sometimes found in the stomachs of crocodiles (Corbet, 1959), the nostrils of which may offer attractive
perches!
The typical microhabitat distribution, which presumably results
from innate preferences, can be secondarily modified, especially
among smaller species, by the seasonally-changing pattern of interspecific competition (Moore, 1953). A detailed description of the
extent to which the niches occupied by species can vary in this
way has been given by Kormondy (1959)• In most habitats, the
horizontal and vertical stratification of male activity must greatly
reduce encounters between species. When competition for space
over water becomes severe, however, the smaller Anisoptera suffer
to a disproportionate extent (Moore, 1953). Such conflict for space
between species can be resolved by many of the smaller dragonflies
leaving, but there is a possibility that sometimes it may lead to their
being eaten by the larger ones. It is perhaps significant that, in
several of the cases in which this has been observed (e.g. Wilson,
1909; Valle, 1938; Walker, 1 953), the species involved have been
inhabitants of streams or rivers, where niche-separation is usually
less refined than in standing water.
Within their characteristic niche, male individuals of the same
species interact so as to become spaced out to a greater or lesser
degree. This results in each male occupying a small area or ' territory ', which he defends against other males. Such behaviour can be
regarded as truly ' territorial' in the same sense as this term has
been used to describe certain kinds of intraspecific fighting in birds
and other animals (see Moore, 1957; Kormondy, 1961). After the
initial intense interaction which attends the first arrival of mature
males at the mating site, a condition of relative stability is reached,
such that the distance separating adjacent males tends to a constant
which is characteristic of the species (Moore, 1953, 1961). Thus
territories occupied by individual male Plathemis lydia have lateral
dimensions of about I1 m., those of Perithemis tenera about 6 m.
(Jacobs, 1955), and those of Tetragoneuria cynosura 3-1 o m. (Kormondy, 1959). Along narrow streams, the territories of Somatochlora
clavata are 4-5 m. long (Taketo, 196ob) and those of species of Ca/op-

teryx considerably smaller. Zahner (1960) found that 184 territories
of C. Virgo averaged 1.9 m. long and 0.7 m. wide, and 310 of C.
splendens 2.6 m. and 0.9 m. The largest territories of all are doubtless established by certain Aeshnidae, whereas, at the other extreme,
some species of Enallagma show very little interaction, and at times
may even flock together in a manner resembling swarming Diptera
(Jacobs, 1955; Neville, 1959b). In general, the smaller the species
of dragonfly, the smaller is the area occupied by each individual,
and therefore the greater the normal maximum density of active
males attainable in a given habitat. This point is illustrated by
Moore's (1960) observations on the dragonfly population of a flooded
bomb-hole in Dorset, which he found consisted of one adult male
Anax imperator, two Libellula quadrimaculata, 6—i1 Pyrrhosoma
nymphula and 20-36 Ceriagrion tenellum.
The shape and size of territories occupied by males within their
chosen microhabitat will depend principally upon the following
factors : their range of movement perception; the aggressiveness of
the individuals present; the way in which encounters with other
species are resolved; the population density; and the physical
features of the habitat.
Moore (1953) noted that the average length of territory occupied
by a dragonfly when there is competition for space is approximately
the same as its range of movement perception, which in Sympetrum
striolatum he found to be about ro-13 m. That differences in aggressiveness of individuals can determine territory size is implied by
the observation (Moore, 1961) that one very aggressive male Libellula quadrimaculata seemed able to keep a pond to himself whereas
two or three males could usually coexist there when this individual
was absent. The way in which interspecific conflicts are resolved
varies greatly, there being a series between habitual dominance, in
which one species always expels the other, to virtual equivalence,
in which the two usually remain together and learn to avoid the
sites of their previous encounters. This point is illustrated by data
in Table IX. In Calopteryx splendens the sizes of the adult territories in a given habitat are directly dependent upon population
density (Buchholtz, 1955; Zahner, 1960). The same is true for
Tramea Virginia (Ishida, 1958), as shown in Figs. 100-102, while in
Tetragoneuria cynosura territory size varies according to the season
and time of day because of the effects these factors have on density
over water (Kormondy, 1959). Territories can also be affected by the
distribution of vegetation in so far as this provides perching sites
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TABLE IX
The outcome of interspecific physical fighting between males of
certain species (from Moore, 1961)
The number of times that fighting
resulted in
Pairs of species

101
A expelling B

both

remaining

B expelling

A

A. Anax imperator
B. Aeshna juncea

A. Aeshna cyanea
B. Aeshna juncea

A. Pyrrhosoma
nymphula
B. Ceriagrion
tenellum

16

O

102
FIGS. 100-102. The shape and extent of territories occupied by

9

49
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(Moore, 1953), oviposition sites (when these form the focus for male
localisation (Jacobs, 1955; Zahner, 196o)), or prominent interruptions of the appearance of the shore which can act as convenient
landmarks delimiting adjacent sections of it (Kormondy, 1959).
The interaction which results in males being spaced out within
a mating site may take one of two forms : aggressive display, or
physical fighting.
Aggressive display is a relatively specialised type of behaviour
which involves two males of the same species recognising each other
as such, and then indulging in a formalised ritual of display which
usually concludes with the departure of one of them. Although the
two processes have sometimes been confused, aggressive display, a

males of Tramea virginia when one (Too), two (mi) or three (102)
individuals are present over a small pond. (Redrawn after Ishida,
1 958 .)

mutual activity involving two males, is quite different from courtship, which is the display sometimes made by a mile in front of a
female prior to copulation.
Aggressive display has been reported to occur in species of Calopteryx (Buchholtz, 1951, 1955), in Chlorocypha glauca glauca (Neville,
196oa), in Umma saphirina (Corbet, 1961c), in Pachydiplax longipennis (Needham and Heywood, 1929), and in Palpopleura lucia
(Moore, 196o). It has been described in detail for the small North
American libellulids Plathemis lydia and Perithemis tenera (Jacobs,
'955). A localised male of P. lydia will dash at another male, displaying the white dorsal surface of its abdomen. The other male
flies away with its abdomen lowered, thereby also showing the white
upper surface. After a short ' pursuit flight' of 8-16 m., the two
males change direction and roles. Such flights may continue until
the intruder restricts its movements to another site. If, however, the
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arrival remains within the territory of the localised male, a
' dual flight' may follow. The two males hover above the oviposition
site, facing each other with abdomens raised (Fig. 103). They then
fly up to a height of about 3 m. and, after levelling off, fly side by
side, carefully keeping pace with each other, back and forth over
the pond and adjacent land. After continuing in this way for a few
seconds, or sometimes for up to about two minutes, they return to
the original area where, after a little more pursuit display, one
male usually leaves. Jacobs has noticed that under the exceptional
conditions produced by removing all the males from a pond, the
females there will also perform dual flights. Male P. lydia evidently

exceptional. Aggressive display in these species also provides a
means of sexual selection for male vigour and maturity. Males
which have lowered potency as a result of repeated copulation are
proportionately less able to defend their territories against invaders.
This is consistent with the finding that in both Plathemis lydia
(Jacobs, 1955) and Pyrrhosoma nymphula (Corbet, 1952) new
arrivals interacting at the mating site tend to replace established
residents.
The second way in which male dragonflies may interact is by
physical fighting. Unlike aggressive display, physical fighting is
frequently interspecific as well as intraspecific. A male Anax imperator, for example, will quickly approach any other fairly large
dragonfly which flies into the area he is patrolling. In most cases a
noisy clash follows. If the invading insect is a male, there is a scuffle
after which one of the two usually leaves the site. The exact nature
of this scuffle is difficult to discern. It has been observed that a male
aeshnid flies towards another male and attacks him from below
(Mayer, 1957), and Robert (1958) has noted that a male Aeshna
cyanea rising to investigate a male A. juncea will strike the latter
with the whole of its dorsal surface. Thus an attacked male will
often attempt to spiral sideways and downwards so as to get below
its attacker (Mayer, 1957). It is evidently the attempts of both contestants to get below each other that imparts to such clashes their
characteristic appearance of whirling downwards. Mayer (1957) has
pointed out that a male aeshnid, by approaching invaders from
below, is flying towards them as it does towards prey. This observation may help to explain why some interspecific conflicts appear
to be resolved by larger dragonflies eating smaller ones. Physical
fighting must be regarded as a relatively inefficient form of territorial behaviour : considerable energy is expended on interspecific
encounters, and the contestants often suffer physical damage which
can result in mortality.
It will be realised that the way in which males interact is closely
hound up with their ability to recognise the species and sex of other
dragonflies. Whereas it appears that males can usually recognise
females of their own species, they are sometimes seen to behave
sexually towards other males. Thus males of Tetragoneuria cynosura try to adopt the tandem position with other males of the same
species (Kormondy, 1959); and the finding of copulation marks (Ris,
1910) on the eyes of males of Anax imperator (Fig. 104) shows
clearly that other males have attempted to mate with them (Corbet,
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FIG. 103. Two males of Plathemis lydia mutually displaying over
an oviposition site. Note the abdomens raised to display the
white upper surface. (Redrawn after a photograph in Jacobs,
1 955.)

recognise each other mainly by their white abdomens, but perhaps
also by their style of flight. Success in aggressive display is correlated
with the degree of whiteness of the abdomen and therefore with
sexual maturity. Males with the abdomen painted black were found
to be less successful in aggressive display than were controls in which
it was painted white, and were sometimes apparently ignored by
other males while the latter were guarding ovipositing females.
The other species studied by Jacobs, Perithemis tenera, has a male
display ritual which is essentially similar to that of Plathemis lydia,
except that here it is the colour of the wings and not the abdomen
which is effective. In both these dragonflies, aggression results in
males being spaced out within a breeding site, and display ensures
that this is achieved without much physical damage. Although
occasionally, when competition is intense. males of Plathemis lydia
may be knocked into the water during interaction, this is evidently
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r957d). Observation of such behaviour has led Moore (1952a) to
suggest that physical fighting is primarily sexual in nature, being
the result of defective recognition. Moore approached this question
experimentally by recording the responses of free-flying males to
dragonflies which were tethered by St. Quentin's `fishing-line'
technique (1934). He observed that the free-flying males often tried
to adopt the tandem position with males of their own and other
species tethered in this way. In at least one of the dragonflies Moore
investigated it is known that males are sometimes able to recognise
females of their own species (Mayer, 1957), but this does not alter
the fact that certain species often show defective sex and species
recognition in nature. Furthermore such species are usually to be

probably effective, and we may now consider the responses by which
it is achieved. Two types of such recognition can be distinguished :
(1) unilateral, in which the male recognises the female; and (2) reciprocal, in which each sex recognises the other.
The characters by which males recognise females visually have
been investigated by Buchholtz with the use of models. When a
model possesses the necessary properties, a male will attempt to
court it or to copulate with it. The critical properties which stimulate such behaviour in males have been termed ` innate releasing
mechanisms ', or releasers '. In European species of Calopteryx the
male recognises the female by four criteria : the size of her body
and the size, colour and transparency of her wings (Buchholtz,
1951). In the several forms of Calopteryx splendens sexual isolation
is maintained by males responding only to females with wings of a
limited range of transparency: thus males of form cartvelica only
court females with wings allowing at least 3o% of light to penetrate,
those of syriaca 2o-22%, and those of intermedia only 8% (Buchholtz, 1955). The releasers for courtship in male Epallage fatime
consist of the head and thorax of a female and one fairly transparent wing (Buchholtz, 1955). To stimulate pre-copulatory behaviour in a male Platycnemis pennipes a model must move horizontally to and fro with a certain frequency, and must comprise
a female head and thorax and one hyaline wing. The head and
thorax must be those of a female P. pennipes at least an hour old.
The head attracts only by its size and form, and the thorax is
effective only if the prothorax is light, and if the characteristic
pattern (pale green interrupted by black) is maintained on the infraepisternum, coxae, metepisternum and metepimeron. The head
may sometimes act independently if it hides the thoracic pattern.
The releasers for grasping in Platycnemis dealbata, a species inhabiting warmer regions, are approximately similar, but the threshold
for response is lower (Buchholtz, 1956). In Ischnura elegans it is
mainly the distal pale spot on the abdomen of the female which
stimulates the male to grasp her (Krieger and Krieger-Loibl, 1958).
Little is known about releasers in Anisoptera, except that male
Perithemis tenera apparently recognise females partly by their dark
wings (Jacobs, 1955).
The experimental work described above suggests that many of
the distinctive colours or patterns used by taxonomists for recognising species may also serve as the releasers for mating. It would
be interesting to know whether or not the thoracic and abdominal
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FIG. 104. Copulation marks on the dorsal surface of the
head of a female Anax imperator. The two impressions

left by the dorsal surface of the male inferior appendage
are shown as circles on either side of the junction of
the compound eyes. (From Corbet, 1957d.)

found among the more aggressive physical fighters. The majority
of mixed pairs seen in the tandem or copulating positions involve
dragonflies of this kind, most being species of Aeshna and Anax
(Walker, 1912; Fraser, 1936a; Williams, 1936; Moore, 1952a),
Dromogomphus and Stylurus (Williamson, 1932a, 1934), Tetragoneuria (Gloyd, in Kormondy, 1959), or Sympetrum (Bartenef,
1915, 1919). Mixed pairs seen in the copulating position include a
male Aeshna cyanea with a female A. juncea (Lucas, 1895), and a
male Anax imperator with a female Aeshna juncea (Neville, 1959a).
In an attempt to explain the sexual interaction which sometimes
occurs between males, Moore (1957, 196o) has suggested that in
higher latitudes bad weather may reduce the frequency with which
male dragonflies can visit the mating site, and in this way may
bring about an accumulation of drive which leads to their showing
an increased tendency to substitute sexual, for aggressive, behaviour.
In the majority of Odonata, however, visual recognition of sex is
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patterns of certain Aeshnidae and Gomphidae serve this purpose.
Mayer (1957) has suggested that the abdominal pattern may act as
a releaser in Aeshna cyanea, because a female hides it when attempting to escape from a male.
Distinctive features which probably serve mainly as visual recognition marks are the pale-coloured areas on the terminal segments
of the abdomen, particularly of certain forest species (Fraser, 1933;
Schmidt, 1953), and the opalescent patches on the hind-wings of the
crepuscular Tholymis tillarga (Fraser, 1956). Wesenberg-Lund (1943)
has suggested that the dark bands across the wings, which tend to
be more prevalent in tropical species, probably play an important.
part in sex recognition. It is perhaps significant that one of the very
rare instances in which a mixed pair of Zygoptera was seen in
tandem involved two shade-loving species, Elattoneura mutata and
Allocnemis leucosticta, both of which possess distal pale spots on
the abdomen (Pinhey, 1951). For male Pyrrhosoma nymphula, the
red colour of the female would appear to be important as a releaser.
I once watched a male repeatedly darting at a spot of red paint with
which I had just marked a perched Libellula quadrimaculata. The
remarkable case of a patrolling male Libellula depressa which seized
and struggled with a hornet, Vespa crabro, while over water
(Gardner, 1953) is probably to be explained in a similar way. The
size and orange-yellow colour of the hornet may have acted as a
releaser for the mating response.
It is likely that in some species the flight-style of the female is
one of the characters to which the male responds. This appears to
be the case in Plathemis lydia, since Jacobs (1955) has recorded that
a male will attempt to mate with a flying female, even though she
possesses the male coloration. In this species, as in Aeshna viridis
(Munchberg, 1956) and Anax imperator, males seem unable to
perceive females unless they are flying. In a number of other species,
however, males are apparently able to discern settled females. Males
of Aeshna mixta and Cordulia aenea are said to search carefully for
sitting females (Tiimpel. 1901); and in both Aeshna cyanea and A.
juncea males have been seen actually to pick females up from the
ground (Fraser, 1936a; Mayer, 1957), even though in one case the
female involved was dead. Grieve (1937) has observed that, when
settled, mature females of Ischnura verticalis make characteristic
movements which attract males (Figs. 112-113, p. 181).
Some recent work by Magnus (1958) on the releasers which attract
males to females of the butterfly, Argynnis paphia, may be of

application in future studies on Odonata. Magnus found that male
A. paphia responded to an orange-yellow colour, covering a large
area, and repeated as often as possible (as in the female's fluttering
flight). If the area of the stimulus was increased beyond that of the
female's wings, the intensity of the male response still continued
to increase proportionately. That is to say it was possible to provide
an ' over-optimal' stimulus. If this could be done for male Odonata,
it might provide a useful means of attracting males and of measuring their responses.
Up till now discussion has been restricted to unilateral recognition, in which the male recognises the female. In the species we
have been considering, it seems unlikely that the females recognise
males of their own species visually, or that if they do, it materially
affects the outcome. The distinctive patterns of the males may perhaps be of adaptive value in enabling them to recognise males of
their own species and thereby reduce unnecessary interaction with
those of others.
The second type of recognition to be described is that in which
both sexes recognise each other visually. The only instances in which
there is unequivocal evidence for this are in species where the male
courts the female before copulation. It must be emphasised, however, that the prime function of male courtship in dragonflies cannot be to enable the female to recognise the male, since in some
cases she has already done so before courtship begins. If a female
Calopteryx splendens enters the territory of a male which is perched,
the male adopts a characteristic position such that his head and
thorax are pressed close to the substratum, his wings are opened
and the tip of his abdomen is bent upwards. The female can accept
this invitation by settling, whereupon courtship follows (Buchholtz,
1951). Essentially similar behaviour is shown by the North American Calopteryx maculata, in which the male thereby exposes the
pruinescent pale spot at the tip of its abdomen (Williamson, 1905).
In this species the degree of pruinescence, and therefore its prominence, are related to age and sexual maturity. The more important
functions of courtship would appear to be to induce a cataleptic state
in the female, and to allow the female more scope in her choice of
a partner or oviposition site without paying the penalty of physical
damage.
Male courtship has been recorded in the Epallaginae, the Calopteryginae, the Coenagrioninae, and the Diastatopidinae, and is
usually associated with pronounced sexual dimorphism. In the
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epallagines, such as Rhinocypha (Laidlaw, 1903), Libellago (Fraser,
19340 and Chlorocypha (Pinhey, 1951), the tibiae of the male are
prominently flattened and develop a conspicuous white pruinescence during maturation. During courtship a male hovers in front of
a settled female, swinging from side to side and displaying his tibiae.
The secondary sexual characters of male Epallaginae have been described by St. Quentin (1951), who considers that they may have
originated as pruinescent areas which were indicative of maturity.
Flattened tibiae are also a feature of males of certain Platycnemididae, and this has apparently given rise to the popular belief that
in this family the males use them to court the females. To judge by
the prominent appearance of its legs (see Eda, 1958), this may possibly be true for the Japanese Platycnemis foliacea, but apparently
not for the European species of the genus, as is evident from the
work of Buchholtz (1956) on P. dealbata and P. pennipes. In the
latter the expanded tibiae of the male may serve some function in
tactile stimulation of the female during copulation (see p. 177). In
Chlorocypha glauca glauca, and probably other species of Chlorocypha, abdominal coloration appears to play a determining part in
courtship. Before copulation the male flies above the female and
curls his abdomen beneath him, thus displaying to her its bright
red dorsal surface (Neville, 196oa).
In the calopterygines, courtship involves display of the wings and
abdomen. In C. splendens it consists of the male flying in a semicircle, slightly below and facing the settled female (Buchholtz,
1951). At the beginning of this courtship, the male often dashes
down to the water and alights for a few seconds, touching the surface with his legs and abdomen, and raising the tip of the latter so
as to expose it to the female's view. In this position he floats with
the current for 5-20 cm. (Zahner, 196o). In the various forms of C.
splendens, Buchholtz (1955) has recognised a series between simple,
undifferentiated pre-copulatory behaviour, in which the male
pounces on the female at first sight, and the advanced ' guiding '
or circling' courtship found in forms which have well-developed
territories.
In the small coenagrionine, Hemiphlebia mirabilis, courtship is
said to involve display by both sexes. The settled male walks slowly
up and down a plant stem near the female, raising and lowering
his abdomen the while, and so displaying the white ribbon-like
inferior appendages. This behaviour apparently induces the female
to behave likewise, thus revealing the whitened underside of her

abdomen (Tillyard, 1912b). Such courtship display is unusual in
that the female shows pronounced activity. In other Odonata courtship is characterised by the female becoming progressively more
passive and comatose. Courtship may also exist in the Palaearctic
Coenagrion armatum, the male of which executes a kind of dance
in front of the female prior to copulation (Robert, 1958).
Courtship in the small diastatopidine, Perithemis tenera, is
centred on the oviposition site which forms the focus for the male's
territory (Jacobs, 1955). When a female arrives, the male dashes
towards her and follows her swaying from side to side. He then
turns and flies slowly to the oviposition site while the female follows.
In cases where the oviposition site is evidently unsuitable, the
female will fly away from the courting male. If she has followed
him to the site, however, he hovers intensely over it while fluttering
his wings and sometimes bending up his abdomen. In due course
the female's wings heat more slowly and may even stop if she alights
on the site near the male. The male then grasps her, either in flight
or when settled, and copulation follows. Male courtship is evidently
rare in Anisoptera but it may perhaps occur also in members of
the allied genus Palpopleura, and in the zygonictine, Olpogastra
lugubris (Moore, 196o).
Visual recognition may be regarded as the first of several factors
which help to achieve sexual isolation. Another, which will now be
briefly considered, is the elaborate nature of the structures concerned in the adoption of the tandem and copulatory positions.
In the Anisoptera the shape of the superior appendages of the
male corresponds to that part of the female which they clasp when
in tandem. This correspondence is unusually complicated in the
Petaluridae and Aeshnidae. In Uropetala carovei the broad superior
appendages of the male are firmly pressed dorso-laterally on the
anterior margin of the female pronotum and extend over the
mesepisterna (Wolfe, 1953); small spines on the basal internal
margin of the appendages fit into a shallow groove between the orbit
and occipital triangle (Fig. los). Among the Anisoptera, it is only
in the Aeshnidae that the prothorax, as well as the head, of the
female actually fits the male superior appendages. Thus in this
family the upper as well as the lower surface of the appendages is
sculptured (Fig. o6) (Walker, 1912). In the Cordulegasteridae,
Gomphidae and Corduliidae the lower surface of the male superior
appendages sometimes bears an elaborate series of protuberances
which fit closely into corresponding depressions in the back of the
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105

106
Fins. lo5-io6. Sculptured appendages of male Anisoptera. 105. Uropetala carovei. The broad flange
on the superior appendages is pressed on to the
female pronotum, while the spines on the basal
internal margin engage in a groove between the
orbit and occipital triangle. io6. Aeshna mutata.
The upper surface of the superior appendages is
adapted to fit the female prothorax. (los redrawn
after Wolfe, 1953; fo6 redrawn after a photograph
in Needham and Westfall, 1955.)

female head, a specialisation which Calvert (1920) and Kennedy
(1936) have described in detail for Epigomphus (Figs. 107-109). The
females of some Gomphidae and Corduliidae bear specialised horns
on the top of the head. In Ophiogomphus serpentinus these structures are known to articulate with the male appendages (Robert,
1958), and it is probable that similar specialisations on the females
of Idionyx galeata (Fraser, 1924) and Gornphus annulatus (Inoue,
1959) do likewise. These refined interlocking devices which exist in
Anisoptera may, as Walker (1915) has suggested, be necessary in
order to make the tandem bond secure during rapid and vigorous
flight. They probably serve the additional function of preventing
interspecific crossing. From his analysis of the factors causing sexual
isolation in three species of North American Tetragoneuria, Kormondy (1959) concluded that the most important by far was the
incompatibility of the male appendages with the surface of the head
of females of other species.
In the Zygoptera the male clasps the prothorax of the female

108

109
FIGS. 107 -109. Epigomphus quadracies, showing the way in which
the complex male appendages (107) are shaped so as to fit into
corresponding sockets on the dorsal (108) and posterior (109)

surfaces of the female's head. Parts (a-d) which interlock have
been labelled with the same letters. The large protuberance (e)
on the female head probably also articulates with part of the
male superior appendage. (Redrawn and modified after Calvert,
192o.)
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when adopting the tandem position (Fig. I io), and this part of the
female is modified to receive the male appendages. Accordingly it
has been found that the shape of the female mesepisternum can be
used for specific diagnosis in Argia (Kennedy, 1902) and also in
Pseudagrion (Balinsky, 1957). The interlocking of male and female
structures does not appear to be so refined in Zygoptera as it is in
the larger Anisoptera. This may be a reflection of the less vigorous
flight of Zygoptera, but may also indicate a more efficient level of
visual sex recognition. Nevertheless, experiments involving species
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In several families of Anisoptera, and in a few Zygoptera, there
exists an additional specialisation which may help to achieve sexual
isolation. On the second abdominal segment of the male are ventrolateral protuberances, known as oreillets ' (Fig. 1), which are
believed to assist the apposition of male and female genitalia at
copulation (Fraser, 1943a). Oreillets are particularly well-developed
in large, crepuscular Aeshnidae in which, on account of their habits
and habitat, one might expect visual recognition to be least reliable.
It is consistent with this interpretation of their function that oreillets should have proved to be useful taxonomic characters for
specific diagnosis in Gynacantha (see Lieftinck, 1960a).

Flu. I I i. Gynacantha membranalis:

FIG. Iio. The position of the appendages of a male Coenagrion puella on
the female prothorax during the tandem position. (From Gardner, 1956.)

of Lestes (Loibl, 1958) and Enallagma (Jacobs, 1961) demonstrate
that in these genera the conformity of male and female structures
plays an important part in achieving sexual isolation. Males
occasionally grasp females of species other than their own, but in
such cases the females do not co-operate by bending the abdomen
forward into the copulatory position. Instead they attempt to free
themselves. It seems then that in some species the precise interlocking of the male appendages and the female thorax acts as a
releaser for the initial stages of copulation. In Argia (Williamson,
1906) and in several European Coenagrionidae (Wesenberg-Lund,
1913), the male appendages are sometimes cemented to the female
thorax by a sticky whitish secretion. In some species at least, this
may perhaps be deposited accidentally by the male when transferring sperm to his accessory genitalia (see p. 179).

dorsal view of part of thorax, hind-wings and
abdomen to show oreillets (a) and the incised anal area of the hind-wings. (Redrawn
after Fraser, 1943a.)

It occasionally happens that mixed pairs succeed in achieving
the copulatory position. Neville (1959a), on observing one such
pair, concluded that reproductive isolation in Odonata could not be
the result of incompatibility of the genitalia. The available evidence,
however, does not support this generalisation. The male accessory
genitalia are complex and specifically diagnostic, and furthermore
mixed pairs observed in nature greatly outnumber recorded hybrids.
The only examples of the latter known to me are a cross between
Gornphus graslinellus and G. lividus (Williamson, i9o3b) and one
between Anax imperator and A. parthenope (Bilek, 1955).
The act of copulation in Odonata is of particular interest in two
respects : it can often be accomplished in flight; and it involves the
transfer of a spermatophore from the male genital aperture to a
second site on the body of the male whence it is collected by the
female. Despite the contrary impression given by Burmeister (1836),
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PLATE VI

Evans (1845) and even Bath (1890), the method of copulation in
Odonata has been known and understood for a long time, having
been correctly described by both Swammerdam (1669) and Ray
(I 71 0). Having been grasped in tandem by the male, the female
applies her genital opening to the ventral surface of his second and
third abdominal segments where, with the assistance of the elaborate male intromittent organ, she receives a spermatophore. This
intricate method of copulation has existed in dragonflies since
Jurassic times, if not before (Backhoff, 191o). Various hypotheses
have been advanced to explain the way in which it might have
evolved (Fraser, 1939; see Corbet, 196oa), each laying emphasis
on its apparently unique qualities. Recently, however, Brinck (in
press) has pointed out that there are several other primitive insect
groups in which a similar type of ' external copulation' occurs. For
example in the Thysanura (the type from which recent primitive
Pterygota derive) the complete aedeagus is used, not as an intromittent organ, but to deposit spermatophores which are then picked
up by the female. As such spermatophore-deposition occurs in all
groups of primitively unwinged insects, it is reasonable to suppose
that it would have been a feature of the ancestors of the Pterygota.
Brinck has suggested that, as the Propterygota developed wings
and their population density increased, it might have become necessary for deposition to occur on the body of the male instead of on
the ground. As the ventral surface of the second and third abdominal segments is the site most easily reached by the male genital
pore, mutations which resulted in this becoming modified to hold
the spermatophore would have had high selective value. A ' copulation-wheel' is also formed in flight by the Ephemeroptera, another
primitive pterygote group, but the spermatophore is usually transferred by the terminalia being placed in apposition. Thus the Odonata differ from their nearer relatives mainly in that the primary
genitalia of the two sexes never make contact.
As the behaviour immediately before and during copulation
follows the same general pattern in most Odonata, it will be appropriate to take one species as an example. In Platycnemis pennipes,
which has been studied by Buchholtz (1956), copulation behaviour
takes the form of a chain of instinctive actions, in which first optical,
and subsequently tactile, stimuli are paramount. Seven stages in the
process can be recognised. (i) The male orientates with his head
towards the head and thorax of a flying female He grasps her
synthorax from above with his second and third legs, while his

Copulation occurring during mid-morning about m
metres from a pond. The male has alighted on a small Calluna plant.
In this species the 'wheel-position' may last io to is minutes if uninterrupted in warm weather. Note the way in which the female's
second pair of legs clasps the male abdomen. In some species this
leaves recognisable 'copulation-marks' on the male.
13th July, 1951. (Photo: P. S. Corbet.)
Anax imperator.
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fore-legs touch the basal segments of her antennae. At this stage
she may refuse him by raising her abdomen, but otherwise she flaps
her wings slowly and allows herself to be carried. The male then
flexes his abdomen, opens his abdominal appendages and fits them
into the sockets in the female's prothorax. From then onwards only
tactile stimuli dictate the sequence of events. (2) The male releases
the grip with his legs, straightens his abdomen, and flies off, carrying the female in the tandem position. If, as happens in about 75%
of males, the sperm has already been transferred to his accessory
genitalia, the pair may fly in tandem for 3-4 minutes over a distance
of 20 m. or more, the female becoming increasingly passive the
while. If not, stage (3) is interpolated, the male transferring sperm
to his accessory genitalia, without releasing his hold of the female.
(4) Both sit motionless and rigid for 4-48 seconds. (5) The male
flexes his abdomen ventrally so as to make the female's head and
antennae touch his accessory genitalia. The female then bends her
abdomen forwards and copulation may ensue. If it does not occur
within about a minute, the male may stroke the tip of the female's
abdomen with his expanded hind-tibiae, sometimes drawing her
abdomen towards his genitalia. She then places her genitalia in
apposition to his, whereupon he ceases to hold her abdomen with
his hind-legs. (6) The two sexes remain in the copulation-wheel
position for 13-37 minutes. Only the male is perched, and he spreads
his wings and moves the female rhythmically to and fro by depressing his anterior abdominal segments. The female places her forelegs against her thorax, and allows her second and third legs to hang
limply down or to grasp the flanks of her abdomen. The male continues to make rhythmical movements for up to 25 minutes,
stroking the tip of the female's abdomen meanwhile with his hindlegs. While in the wheel-position both sexes make varied cleaning
movements involving the mouth, antennae and legs. (7) Copulation
is terminated by the male attempting to push the female away,
either with his hind-legs or by abdominal movements. When finally
he achieves this, the female hangs passively, still held by his
abdominal appendages, with her abdomen slightly bent ventrally.
Considerable tibial cleaning then occurs, and after about 30 seconds
the pair flies off to oviposit. From then onwards the female takes
the initiative, and the attached male swings unsteadily above her
with his legs held closely against his body. In Zygoptera, the legs
of the female hang loosely downwards during copulation, but in
many Anisoptera they grasp the male abdomen (Plate VI), some-
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times defacing the pattern on its dorsal surface in a characteristic
manner.
Perhaps the most important respect in which the copulation
behaviour of other Odonata differs from the pattern in Platycnemis
pennipes is with regard to the duration of the wheel position. A
representative sample of the records available to me is given in
Table X. These data indicate that it may be useful to distinguish
three types of dragonfly, according to whether the duration of copulation is short, medium or long. It appears that most, if not all
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These associated characteristics are probably related to the need for
the copulating pair to reduce interference by other males. In the
scheme given in Table X, Calopteryx splendens and C. virgo occupy
a position intermediate in two respects : copulation is of medium
duration, and it occurs while the pair is settled near the water. It
must be remembered, however, that within a single species the
duration of copulation may vary greatly. An extreme example is
provided by Ischnura elegans which may vary in this respect from
15 minutes to more than 5 hours (Krieger and Krieger-Loibl, 1958).
The duration of copulation may be prolonged by fortuitous extraneous factors, although seldom to an extent which would result
in a species being transferred from the first category in Table X to
the third. Disturbance by other males can cause copulation to last
up to 15 seconds in Plathemis lydia, and up to 90 seconds in Perithemis ten era, while in the latter species it may also take longer if
the male has repeatedly mated beforehand (Jacobs, 1955). In a
strong wind, Crocothemis erythraea settles to copulate instead of
doing so in flight, and may then take 17-26 seconds instead of the
usual 7-15 seconds (Aguesse, 1959b). Other species which copulate
rapidly, such as Libellula quadrimaculata, occasionally settle to
mate, perhaps for the same reason. It is likely that the air temperature has a considerable influence on the duration of copulation,
and it is to be hoped that close attention will he paid to this factor

TABLE X
Recorded durations of undisturbed copulation
Type
SHORT

MEDIUM

LONG

Species

Authority

Duration
3 seconds

Plathemis lydia
Tetrathemis camerunensis
Libellula quadrimaculata
Crocothemis erythraea
Tholymis tillarga
Perithemis tenera

Jacobs, 1955
Neville, 1960a
Robert, 1958
Aguesse, 1959b
Jacobs, 1955

17.5 „

Calopteryx splendens
C. virgo

Buchholtz, 1951
Robert, 1958

2-5

Gomphus flavipes
Lestes barbarus
Sympecma fusca
S. paedisca
Anax imperator
Coenagrion pulchellum
Anax parthenope
Orthetrum cancellatum
Sympetrum striolatum
Platycnemis pennipes
Pyrrhosoma nymphula
Somatochlora metallica
Lestes viridis
L. sponsa
Macromia picta
Lestes dryas
Aeshna juncea
Ischnura elegans

Robert, 1958
Neilsen, 1954
Loibl, 1958
Loibl, 1958

5

ff

5-20 „

7-1 5
Is

minutes
5-10

6
91-21
10-22
I ()

Robert, 1958
Miinchberg, 1932
Aguesse, 1959b
Aguesse, 1959b
Buchholtz, 1956
Robert, 1958
Robert, 1958
Loibl, 1958
Loibl, 1958
Loibl, 1958

Robert, 1958
Krieger and
Krieger-Loibl,
1958
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the dragonflies which complete copulation in flight belong to the
first group, and these frequently mate over water. Those in the last
group usually settle to copulate, and do so some distance away from
water, either near the ground or in the tops of trees (Kellicott, 1899).

10-15

in future studies.
The dragonflies listed in Table X which take less than 15 seconds

10-15
10-15

to copulate, normally complete the process in flight. Perithemis
tenera, however, begins in flight but finishes when settled, and there
is evidence that the effective part of copulation occurs after settling,
since its duration is consistent only if this time alone is measured
(Jacobs, 1955). Orthetrum cancellatum, Sympetrum striolatum and
S. fonscolombei likewise begin in flight but continue when settled
(Aguesse, 1959b)• Most long-bodied dragonflies, such as Petaluridae
(Wolfe, 1953), Aeshnidae and Zygoptera, copulate only when settled.
The stage at which the male charges his accessory genitalia with
sperm varies considerably, both between and within species. The
number of matings for which one filling will suffice is not known,
and it may be that the time of transference depends in part on the

10-I5
13-27
Is
22-38
28-69

31
5 1-1 45

60-75
18o-340 ,9
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intensity of previous mating activity. Sperm transference may occur
at one of three stages : (i) before the male grasps the female with his
legs, as in Coenagrion paella (Buchholtz, 195o), Tetragoneuria
cynosura (Kormondy, 1959), Libellula quadrimaculata (Moore, 196o)
and Aeshna juncea; (2) after the male grasps the female with his
legs, but before he does so with his abdominal appendages, as in
Calopteryx splendens (Buchholtz, 1951); or (3) after he grasps her
with his appendages but before adoption of the wheel position, as
in Aeshna cyanea, A. mixta, A. grandis (Mayer, 1957), Perilestes
solutus (Williamson and Williamson, 1924a), Ischnura elegans
(Krieger and Krieger-Loibl, 1958), Pyrrhosoma nymphula and
species of Calopteryx, Argia and Enallagma (Williamson, 1906).
Both the first and third types of transference have been observed to
occur in Platycnemis pennipes (Buchholtz, 1956), Uropetala carovei
(Wolfe, 1953) and Perilestes remotus (Williamson and Williamson,
I 924a).
Probably most males first grasp the female by her thorax. However those of Aeshna mixta, and probably also A. grandis, may
grasp females by the abdomen (Mayer, 1957), whereas a male Perilestes remotus has been seen to alight on the abdomen of a settled
female, walk up to her head and only then take hold of her thorax
with his appendages (Williamson and Williamson, 1924a).
Females of many Zygoptera, such as Calopteryx Virgo (Robert,
1958), Ischnura verticalis (Jacobs, 1961) and Lestes sponsa, refuse
males by opening the wings and raising the abdomen, as in the
defence posture (Fig. 95, p. 140); then, if this proves ineffectual, they
may fly away. In Platycnemis this action of refusal is more intense
in warmer regions where the male threshold for response is apparently lower (Buchholtz, 1956). Other species may adopt different
methods. A female Argia attempts to fly above the head of a male
(Kennedy, 1915a), whereas female aeshnids adopt the oviposition
posture ', bending the abdomen beneath the body and later, if necessary, attempting to rise above the male (Mayer, 1957; Corbet, 1957d).
It is remarkable that the postures adopted by certain Zygoptera to
attract males (Figs. 112-113) should resemble those used by aeshnids
to escape them (Fig. 114).
After copulation, the male may leave the female, as in most
families of Anisoptera; he may show ' guarding behaviour ', remaining near her while she oviposits and dashing at other males which
approach, as in many Libellulidae; or he may remain in tandem
with her while she oviposits, as in some Libellulidae and Zygop.
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FIGS. 112-113. Positions adopted by mature but unmated females

of Ischnura verticalis which attract males. (Redrawn after Grieve,
1 937.)

FIG. 114. A female Anax imperator adopting the

oviposition posture' to escape the sexual attention
of a male. (Redrawn after Moore, I960.)

tera. Occasionally, as in Coenagrion puella, a pair may interrupt
tandem oviposition to copulate again (Buchholtz, 195o). As described in Chapter I, the habit of the male remaining near, or
attached to, the female during oviposition is thought to be dictated
by the need for oviposition to proceed without disturbance. It is to
be expected, therefore, that the incidence of this behaviour will be
correlated with such factors as the density of males, the intensity
of their territorial behaviour, and the means by which they recogise females.
After this account of reproductive activity, it will now be fitting
to consider the ways in which the various behaviour patterns meet
the ecological requirements mentioned at the beginning of this
chapter.
I.
The meeting of the sexes is accomplished by males and
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females exercising the same habitat selection for the mating site,
and having approximately the same seasonal and daily rhythms of
reproductive activity.
2. The way in which sexual isolation is achieved in any one
species is not known, but there are several processes which assist
towards this end. Although accurate spatial and temporal coincidence will help initially, the most important single factor appears
to be visual recognition. In cases where such recognition is defective,
physical incompatibility probably helps to prevent interspecific
mating.
3. Disturbance of copulation can be mitigated in three ways.
Males may become localised and spaced out as a result of their
aggressive behaviour; the duration of copulation may be very short;
or the mating pair may leave the breeding site and settle.
4. Male interaction provides an effective means of sexual selection for male maturity, vigour and potency, since males deficient in
these attributes are correspondingly less able to resist displacement
by other males at the mating site.
5. Protection of the ovipositing female against predation may
sometimes result from the male arriving early at the site and testing
it for safety. Protection of the ovipositing female against male interference is achieved by male territorial behaviour, by the males
arriving at the breeding site earlier than females and therefore
achieving stability before they come, by the male guarding or
remaining in tandem with the ovipositing female, by the female
not being recognised by males while ovipositing, or, more rarely,
by oviposition occurring at a time or place other than the mating
rendezvous.
6. Laying of the eggs in a site suitable for survival of the aquatic
stages depends upon the ability of the female, and occasionally of
the male also, to select the appropriate microhabitat. In Perithemis
tenera, male courtship gives the female time and opportunity to
exercise a choice contrary to that of the courting male.
7. Overpopulation of the breeding site is mitigated by male
interaction, and by females being driven away when male competition is intense. It has been shown by Moore (1957) that some
individuals expelled in this way disperse to colonise new breeding
sites.

I
CHAPTER VIII
DISPERSAL
this chapter the term ' dispersal' will be used to mean the
colonisation of new breeding sites. Thus dragonflies can only achieve
dispersal regularly in the adult stage. The very exceptional accidents
by which eggs or larvae may be transported from one habitat to
another need not concern us here, since, as far as we know, they
have no place in the adaptation of Odonata to their environment.
Adult dragonflies indulge in several kinds of movement which
can lead to dispersal (Moore, 1954, 196o), but for purposes of the
present discussion all of them may be grouped into three categories.
IN

1. Flights in search of food, shelter or a breeding site.
2. Maiden flight.
3. Migration.
Recent studies on insect behaviour have shown that it can be
useful to distinguish between movements that are appetential ' and
those that are ' non-appetential Appetential movements are undertaken to satisfy a specific need, and normally cease as soon as their
purpose is achieved. Thus, in dragonflies, they typically comprise
flights listed in the first category above. It can be seen that, although
flights of this kind may sometimes result in dispersal, they cannot
be regarded as adaptations directed primarily towards this end, since
adults moving in such a way will tend to be arrested at the nearest
site which satisfies their immediate needs. It appears that the individuals which do, fortuitously, achieve dispersal in this way are
comprised mainly of immatures in search of food or shelter (Moore,
1954; Jacobs, 1955) and fertilised females seeking a breeding site
(Tumpel, 1899; Moore, 1954).
Non-appetential movements are characterised by an insect
"moving for the sake of moving ", and remaining exceptionally
unresponsive to those stimuli which under normal circumstances are
known to arrest movement. As non-appetential flights are usually
more or less unidirectional they can be regarded as adaptations
1 83
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directed primarily towards dispersal. Migration is, by recent definition, a non-appetential movement, having been described by Kennedy (1961) as a persistent, straightened-out movement that is
accompanied by, and dependent upon, the maintenance of an internal inhibition of those appetential reflexes which will eventually
arrest movement. It will be realised that this is essentially a behavioural definition, based to a large extent on what Andrewartha
and Birch (1954) have called an animal's " readiness to move ". This
being so, it is sometimes difficult to decide in a given instance
whether insects seen to be moving are migrating in this sense or not.
Despite this limitation, it is this definition of migration that I shall
adopt here, since it seems the one most likely to lead to a clarification of the process in Odonata.
It has recently been suggested by Johnson (196o) that a common
feature of insect migrations is that they begin with the first flight.
There is much evidence to support this as a generalisation, but it is
important to stress that in Odonata the maiden flight may vary
greatly in length, both between and within species (see p. 143). There
is probably a continuous series between the very short maiden
flight, which becomes appetential almost as soon as the adult is
airborne, and the long migratory maiden flight which may remain
non-appetential for a day or more. Kennedy summarised this
position by saying that the maiden flight in Odonata may represent
an elementary kind of migration.
The need for dispersal is closely related to two things : overpopulation and the habitat. Overpopulation is presumably liable to
occur anywhere, and in dragonflies is mitigated in proportion to its
severity by interaction at the breeding site which automatically
provides short-term relief by effecting dispersal of mature males
(Moore, 1953, 1957), and sometimes also mature females (Jacobs,
1955). It is according to the habitat that the need for dispersal varies
most.
In certain permanent, isolated habitats any attempt to disperse
could be a severe disadvantage, and the behaviour of dragonflies
which live in such places is probably directed towards preventing,
rather than achieving dispersal. Islands are extreme examples of
situations where powers of dispersal are reduced by natural selection. If isolated, like the Hawaiian Islands (Kennedy, 1929) or the
Cook Islands (Lieftinck, 1953b), their dragonfly fauna comprises
species of two kinds : powerful Anisoptera with the capacity for
sustained gliding flight, and small weakly-flying Zygoptera. Having

arrived on an island, weakly-flying insects will survive there only
if they can avoid being carried away by the wind, and in some
places this situation has evidently favoured the development of
winglessness among such forms (Darwin, 1859). Although no Zygoptera are known to have become flightless, it is possible that an
ability to live in sheltered sites may have made this unnecessary
for them. Among Zygoptera reaching an isolated island, the sylvan
species may well enjoy an initial advantage, particularly since forests
there may be rich in food on account of the other insects also
obliged to shelter in them. If this reasoning be sound, it leads us to
the interesting conclusion that the terrestrial habits of the larvae
of certain Hawaiian Megalagrion may be an indirect consequence
of their living on an island. The success of a sylvan genus under
such circumstances could perhaps have led to unusually severe
competition for breeding sites in an environment where these are
scarce, and thus provided the selective force encouraging terrestrialism in the larvae (Fig. 115). It is noteworthy that the only other
extant dragonfly known to have a terrestrial larva is a sylvan mega-
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FIG. 115. The terrestrial larva of Megalagrion oahuense,

probably in the penultimate instar. It lives amongst
damp leaf litter beneath stands of Gleichenia fern in
upland forests in Hawaii, and is about 13 mm. long
when fully grown. Note the squat, compact form, the
dense covering of setae, and the small saccoid caudal
lamellae. (Redrawn after a photograph in Williams,
1936.)
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podagrionid on the island of New Caledonia (Willey, 1955; Lieftinck, 1956).
Permanent highland streams represent another type of habitat
in which dispersal must be considered a handicap. These are usually
topographically isolated in steep-sided valleys, and their suitability
as breeding sites is often severely restricted in an upstream as well
as in a downsteam direction. In such places it would be expected
that the maiden flight would carry immatures no further from
the water than the minimum distance necessary to gain them
immunity from sexual interference by matures. Several observations
indicate that this is indeed the case. In the Oriental Gomphidia
javanica and Microgomphus chelifer thelyphonus, both of which
inhabit forest streams, adults are said to remain very close to the
breeding site (Lieftinck, 1954), and in another stream-dweller, Argia
moesta, it has been noted that adults, both immature and mature,
move relatively little up- or downstream, and only short distances
away from the water (Borror, 1934). Likewise, adults of the streamdwelling Calopteryx splendens and C. virgo remain very near the
parent stream, and individuals often localise close to the actual
sites where they emerged (Zahner, 196o). Accordingly, it can be
assumed that, in stream-dwelling dragonflies or in weakly-flying
island forms, dispersal will not jeopardise the continuity of a resident population, since it is only likely to occur as a temporary
expedient when stimulated by an excessive density of mature adults.
Among such species, in particular, it may well be that the daily
movements which adults make between their roosting and breeding
sites are under the control of some orientating mechanism which
prevents their being random. Even in lowland habitats, where such
a mechanism would seem less important, the results of marking
studies strongly suggest that one exists. It is difficult to explain
otherwise how certain individuals of species that usually roost out
of sight of water can return repeatedly to the same restricted breeding site for many successive days (Corbet, 1952; Jacobs, 1955;
Zahner, 196o). This apparent ' homing ' behaviour may perhaps be
achieved by a type of sun-compass orientation under compensated
control by an endogenous diurnal rhythm, such as was first recognised some years ago in bees (von Frisch, 195o). This type of orientation has since been found to exist in several other groups of
insects. Thus individuals of the beetle, Geotrupes sylvaticus, can
persistently orientate towards (say) the east in the morning but
towards the west in the afternoon. This they do by setting a course
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in relation to the sun and by employing an ' internal clock ' which
continually compensates for the earth's rotation (Birukow, 196o).
The possession of such a sensory mechanism would enable dragonflies to make accurate two-way daily flights between roosting and
breeding sites. It should be mentioned here that the experiment
described by Moore (196o) in which marked individuals of Ceriagrion tenellum and Ischnura elegans were reciprocally displaced
between habitats, and did not subsequently return to their points
of origin, does not demonstrate a lack of homing ability in these
species. If employing sun-compass orientation alone, insects so displaced would subsequently home to the new habitat, which is what
in fact Moore's results indicated was happening. The same considerations apply to the displacement experiments carried out with
Calopteryx splendens by Zahner (196o). Here again most of the displaced adults returned to their new positions. In interpreting results
of experiments of this kind; it is essential to know whether the
displaced adults roosted on the same side of their new breeding
site as of their previous one.
Passing from streams to lowland regions on continents, we find
that the adaptive significance of dispersal changes progressively in
two respects. Firstly, dispersal becomes less hazardous, since
habitats are less often isolated by steep-sided hills; and secondly,
bodies of water come increasingly under the influence of ecological
succession, which limits their permanence.
In its simplest form, this succession is illustrated by the lake or
pond which gradually silts up to become a marsh or thicket, and
which is colonised successively by different species of dragonflies
(Kennedy, 1922). At each new stage in this process some of the
resident species must disperse, although of course they will be
obliged to do so extremely gradually, and only after very many
generations have passed. In this kind of situation, typified by the
so-called permanent lowland habitat, we find Odonata with no particular specialisations either to prevent, or to ensure, dispersal. Such
dragonflies seem able to colonise new habitats promptly and
effectively up to distances of perhaps 6o km. (Moore, 1954).
This they apparently achieve by appetential flights, in which immatures of both sexes and fertilised females are probably mainly
involved.
It is in temporary lowland habitats that we encounter the most
highly specialised and efficient forms of dispersal (Williamson,
1923c). Such habitats grade from semi-permanent pools, which may
DISPERSAL

A BIOLOGY OF DRAGONFLIES
188
dry up every few years, to those which regularly become unsuitable
after an interval not greatly exceeding a single generation. Habitats
in the latter category are of two kinds : (1) those in high latitudes
which can be colonised only during the warmer months of the year;
and (2) those in seasonal rainfall areas which are rendered periodically uninhabitable by drought. In both kinds of habitat survival
can be achieved in one of two ways : the inclement period can be
passed in a stage adapted to resist cold or drought; or the habit of
migration can be developed in the adult. Thus, in certain types of
temporary habitat, diapause and migration can be regarded as
alternative solutions to the same problem (Andrewartha and Birch,
1954). It is with the dragonflies that have adopted the alternative
of migration that we are concerned here.
In past years the term ' migration ' has been used in a relatively
general sense, but we are probably safe in assuming that the dragonflies classed as ' migrants ' have been those seen to move en masse
in one direction over appreciable distances (see Williams, 1958). If,
however, dragonfly migration is to be discussed fruitfully in the
light of Kennedy's definition, we must first consider the possibility
that some of the behaviour previously recorded as migratory would
now be interpreted differently.
Published accounts of dragonfly migrations (in the general sense)
are very numerous, and have been listed by Beutenmuller (in Lamborn, 189o), and Fraenkel (1932). Many of the species recorded as
migrants have been mentioned by Williams (1958) and by the
authors of handbooks for different faunal regions.
Examining these records we find that they are heterogeneous with
regard to one important feature—the maturity of the dragonflies
involved. Now Johnson (1960) has suggested that the common
feature of insect migrations is that they begin as the maiden flight,
and where dragonflies are concerned this has been recognised as a
general principle for more than a century (Hagen, 1861). The immaturity of migrating dragonflies has been mentioned specifically
on several occasions (e.g. Fraenkel, 1932; Nordman, 1935, 1937);
and Fraser (1945), after wide experience of migration in India and
Europe, has gone so far as to say that migration of Odonata only
takes place directly after emergence. Thus the adults of Aeshna
mixta and Sympetrum fonscolomhei which arrive at the south coast
of England in summer are almost always immature (Fraser. 1943c.
1946), as were those of Sympetrum striolatum seen arriving in
Glamorganshire from across the Bristol Channel in 1949 (Long-
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field, 1950). In a number of cases, however, almost all of which
involve species of Sympetrum,' migrating' adults have been mature
and sexually active when observed (Riveau, 188z; Lichtenstein and
Grasse, 1922; Grasse, 1932; Hugues, 1935; Fraser, 1945; Longfield,
1948). A highly informative observation is that made by Grasse
(1932) on the origin of one such ' migration ' of Sympetrum meridionale on the west coast of France in 1927. From 15th August
onwards there were large numbers of mature adults of both sexes in
and around woods flanking coastal sand dunes near Ronce-les-bains.
Sexual activity, including adoption of the tandem position, was first
seen on 25th August, and Grasse remarked that it was from this
time onwards that the tendency to ' migrate ' first became manifest.
Thereafter large groups of several thousand adults formed, and
moved away at a man's walking pace, flying about 2-3 m. above the
sand. One such assemblage, 7-9 m. wide and zoo-3oo m. long, was
followed by Grasse for 4 km., although he reported that most groups
stopped after travelling a kilometre or less. He noticed further that
the direction of the flights bore no obvious relation to the sun, and
that adjacent groups tended to amalgamate, the larger attracting
the smaller. The other accounts of mass flights of sexually-mature
Sympetrum are essentially similar to that given by Grasse except
that in no other was the origin of the movement observed. It is
Grasse's description of the latter event which seems to indicate the
proper status of these ' migrations '. Since they occur only in adults
showing spontaneous sexual activity, they appear to be nothing
more than aggregate flights in search of a breeding site. Indeed. it
has been reported by Hugues (1935) that adults of S. sanguineum
seen travelling in this way over a dry area descended to small rain
pools and touched the water surface with the tip of the abdomen. If
this interpretation of such movements is correct, then the large
arrival of mature S. striolatutn at the southern coast of Eire in 1947
(Longfield, 1948) must also be classed as a non-migratory flight.
Although the adults concerned had apparently originated from
western Europe, and therefore travelled over the sea for a considerable time, it is almost impossible that they would have been able to
attain sexual maturity during their journey over the sea. Therefore
they must have departed when already mature, perhaps being
accidentally blown off-shore by a sudden strong wind. From what
is known of habitat selection in pool-breeders, it seems unlikely that
mature Sympetrum would fly over the sea by choice. Lichtenstein
and Grasse (1922) observed that aggregations of mature S. meridiDISPERSAL
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onale changed direction upon encountering the sea, and flew along

the beach.
For the present. then, it seems justified to regard these mass movements of matures as distinct from truly migratory flights. At the
same time it must be stressed that a single species can evidently
show both kinds of flight, and furthermore that both must be
regarded as achieving dispersal. The post-maturation flight, however, is appetential and evidently an impromptu response to the
urge to seek an oviposition site. This is of course an instinct common
to all Odonata as soon as they have become mature, and what has
caused these flights to he noticed and termed ' migratory' is the
large numbers of individuals involved. Accordingly it will be
appropriate at this point to consider the factors that may cause
aggregation in adult Odonata.
Aggregation has temporal as well as spatial parameters. Temporally, it can result from seasonal and diurnal rhythms of emergence
or, as Nordman (1935) has suggested, from the rapid drying out of
ponds. Spatially, it can be brought about in several ways. On a small
scale, it might be caused by mass emergence from a single productive habitat, and on a larger scale, by the concentrating effects of air
movements or local topography. Adults of Pantala flavescens have
been noticed to follow a wind route along a valley (Wakana, 1959),
and flying Sympetrum striolatum will converge so as to pass between hills rather than over them (Long -field, 1948; Lack and Lack,
1951). It has long been believed that spatial aggregation of dragonflies could be a consequence of the visual stimulation provided by
large numbers of flying adults (Federley, 1908). This point has been
emphasised by Grasse (1932), who noticed that large groups of Sympetrum meridionale attracted nearby dragonflies which then became incorporated with them, and Fraser (1945) who suggested that
some such "infective spirit" might have caused the aggregation of
mature Sympetrum striolatum observed in Italy in 1944 and
recorded by him. Finally, as we saw in Chapter VI, concentrations
of prey can bring about the spatial aggregation of dragonflies. This
has been demonstrated by Wright (1944a, 1945) who described how
large groups of Pantala flavescens and Anax junius followed swarms
of Aedes and Stomoxys upon which they were feeding. It will be
realised that all of these factors, except the last, will be able to cause
aggregation in migrants as well as non-migrants. Dragonflies collecting in order to feed will, by definition, be non-migrants, since their
flights will he appetential.
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The rest of this chapter will be devoted to a consideration of
those dragonflies which have been seen to make flights which
appear to be migrations according to the restricted interpretation
followed here : namely, non-appetential movements which could
have begun with the maiden flight. It must be stressed again,
however, that since the original observations have seldom, if
ever, been recorded with these criteria in mind, the status of a
given flight has to be inferred from various other lines of evidence. Among the most important of these is the normal habitat
of the species concerned. As Southwood (1962) has demonstrated,
migration in arthropods is generally an adaptation to the temporary
habitat and is developed in inverse proportion to the degree of
permanence provided by the environment. Accordingly it is from
this point of view that we shall consider migration in Odonata and
the behavioural responses which may be expected to control it in
different situations.
We can recognise three ways in which habitats can become unsuitable for continued occupation. This may happen (1) gradually,
as a result of ecological succession; (2) abruptly, but at irregular
intervals of several generations; or (3) abruptly after a single generation.
Dragonflies occupying habitats in the first category probably
achieve dispersal by non-migratory flights, and have already been
discussed. In habitats in the second category, we might expect to
encounter species in which, either migratory behaviour was facultatively determined as a response to the environment, or else both
migrants and non-migrants existed together in a single population.
There is precedent for both possibilities in studies on other insects.
In both locusts (Kennedy, 1961) and butterflies (Nielsen and Nielsen, 195o) migratory behaviour is known to be facultatively determined, and recent work by Birukow (196o) suggests that populations
of the beetle Geotrupes sylvaticus may consist of two types of individual, those in which their sun-compass orientation makes them
change direction at midday, and others in which it makes them
keep straight on; that is, individuals equipped to ' home ', or to
migrate, respectively.
A dragonfly in which migratory behaviour is perhaps facultatively or genetically determined is Libellula quadrimaculata, In
certain parts of Europe the migratory habits of this species are very
well known : in Holland, for instance, one of its popular names is
treklibel' (Lieftinck, 1926). This species inhabits shallow ponds
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and lakes in lowland regions and is known to have a short maiden
flight under some circumstances (see Table VIII, p. 144). On the
other hand, at other times, it has been observed to travel far when
immature. One such flight, seen at noon near Konigsberg in northeast Germany in June 1852, was thought by Hagen 0860 to have
consisted of individuals which had emerged earlier the same morning, and all those caught by Nordman (1935, 1937) on migration
were found to be very immature. When describing migrations of
this species in southern Finland, Nordman remarked that the
regions in northern and north-eastern Europe where most migratory
activity of this species has been recorded are those in which a particular kind of glacial sand occurs. He correlated the migrations he
witnessed during June 1932 and 1933 with the unseasonably high
temperature which preceded them, and implied that the sudden and
excessive heating of shallow lakes over sand might have precipitated
migrations in these and other years. L. quadrimaculata, being a
spring species (Corbet, 1960a), would normally have a mass
emergence, but a possibility to be considered here is that its
migration might be related to the time of day at which emergence
took place. This species usually emerges after sunrise and flies later
in the morning (Robert, 1958) but if, like certain species of Sympetrum (p. Jos), it possessed the potentiality for nocturnal emergence,
unusually high temperatures would change its emergence rhythm.
Then the unusual event of a mass maiden flight at dawn might
play a part in determining whether or not migration ensued. The
air temperature at dawn could be an important factor in such a
scheme. It has been noticed in southern England that maiden flights
of Anax imperator tend to be shorter on cold mornings (Corbet,
1957d).
Although all the adults noticed by Nordman (1935) flew against
the wind, there are several records (e.g. Hagen, 1861; Newton, 1883)
which indicate that migrating L. quadrimaculata sometimes maintain a set course, independently of wind direction. Thus there is a
possibility that this species may be able to employ a form of suncompass orientation. It is to be hoped that before long the origin
of a migration of L. quadrimaculata will be observed and described.
The advent of unseasonably warm weather in May and June in
those areas where such migrations traditionally occur should now
enable observers there to make the necessary preparations beforehand.
Habitats which may be expected to impose different adaptive
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demands upon dragonflies are those in the third category : namely,
those which become unsuitable abruptly after a period equivalent
to a single generation. These are of two kinds, depending upon
whether they are rendered unsuitable by cold (in high latitudes) or
by drought (in seasonal rainfall areas), and the adaptive demands
they impose differ accordingly.
A dragonfly colonising habitats of the first type is apparently
Anax junius in North America. In the south of its range it occurs
all the year round (Needham and Westfall, 1955), but summer
populations in Canada are thought to be maintained solely by
migration (Walker, 1941; Whitehouse, 1941). Adults arrive from
the south in May, and their progeny, which emerge in August and
September, are said to fly south again. Other species in North
America, such as Sympetrum rubicundulum (Dannreuther, 1941),
have been recorded as flying south at this time, and in Europe what
are apparently comparable return flights have been reported in
Sympetrum striolatum (Lack and Lack, 1951) and Aeshna mixta
(Longfield, 1954). The remarkable feature of a migrant such as
Anax junius is that adults of one generation must fly north and
those of the next south. If the northward and southward movements of Anax junius are, as they appear to be, unidirectional and
orientated, then it would be reasonable to expect that the sun is
used for this purpose, since it provides the most unequivocal compass indicator at sunset and sunrise at all latitudes. It is possible that
the diurnal rhythm of emergence may play a part in this orientation. By ensuring that, in warm regions at least, the maiden flight
is made when the sun is on the horizon, it would provide optimal
conditions for the crucial initial orientation—or the ' setting of the
clock '. Let us consider for example how such a hypothetical orientating device might operate in Canadian populations of Anax
Junius, emerging in September and destined to migrate southwards.
If nocturnal emergence can be maintained by this species in Canada,
then the maiden flight would occur at dawn. To fly south, such
adults would have to start their ' clocks ' by having the sun on their
left. This would produce the required result whichever way they
happened to be facing at emergence. Once orientated in this way
they would maintain a southerly course from then onwards. If, on
the other hand, cold nights were regularly to cause divided emergence, the orientating mechanism might be set before emergence,
perhaps at sunset when larvae regularly come nearer the surface
of the water. If this could be done, adults would then fly south at
DISPERSAL
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whatever hour they emerged, because their endogenous time sense
would continually compensate for the apparent movement of the
sun.
Facultative, reciprocal, north-south migrants such as Anax junius
would face the further problem of knowing at what season to fly
south (i.e. to have the sun on their left at sunrise) and when to fly
north (i.e. to have the sun on their right at this time). If the type of
this response, also, could be facultatively determined by temperature
or perhaps photoperiod, then there would exist an orientating
mechanism capable of maintaining two-way migrations under
seasonal control. Experimental investigation of these questions
would be relatively straightforward, and whether it confirmed or
contradicted the hypotheses advanced above, it might greatly
further our understanding of the factors which determine
migrations of this type.
The last kind of habitat to be discussed is the temporary pool in
a seasonal rainfall area, such as is usually found in sub-humid or
semi-arid regions in the tropics. The adaptive demands imposed on
migrants colonising such places differ from those we have previously
considered. In the dragonflies one would expect to find that the
migratory instinct was an obligatory feature of adult life, and that
migrations were directed towards places where fresh breeding sites
existed.
There are many species of Odonata which colonise temporary
pools in the tropics, and which must therefore encounter these problems of adaptation. As we have seen in Chapter IV, nearly all are
Aeshnidae or Libellulidae which have evolved the capacity for very
rapid growth. Probably the best known of these is Pantala flavescens,
which may be taken as an example of the type. In the first place it
may be noted that this species is evidently an obligate migrant,
since both Byers (1941) in Florida and I in Uganda have noticed
that upon emergence adults disappear from a breeding site, even
though it may remain suitable for recolonisation, while Fraser
(1936b) has recorded that, when this species emerges in September
in India, it thereupon commences a steady and sustained migration.
For migration in Pantala flavescens to be effective in achieving
dispersal, adults must possess some means of being directed towards
regions where rain is falling or about to fall. An indication of the
way in which they achieve this is provided by recent studies on
migration of the desert locust, an insect which has ecological
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requirements essentially similar to those of dragonflies inhabiting
temporary pools.
When ready to migrate, locusts fly persistently upwards, so as to
allow themselves to be lifted and then carried by the wind at considerable heights, and over long distances. While being transported,
they counteract the scattering effects of air turbulence by using
visual stimuli to keep together (Kennedy, 1961). As the convergence
of wind-currents is an essential feature in the production of largescale precipitation, the migrating locusts are automatically delivered
by winds to the right place at the right time (Rainey, 1951). This
explains why the arrival of locust migrations coincides with that of
the Inter-Tropical Convergence Zone—namely the ` front ' where
winds meet. There is reason to suppose that dragonflies of the type
we are considering are transported in the same way. As long ago as
1931, Bartenef noticed that the geographical distribution of Pantala
flavescens could be defined by the zone where northerly and southerly winds met in summer. In both western Africa (Gambles, 1961)
and eastern and central Africa the times of arrival of P. flavescens
and the allied migrant, Tramea basilaris, coincide with those of the
Inter-Tropical Convergence Zone. Thus at Entebbe, Uganda, on
the equator, these species appear in numbers only twice annually,
in March or April and again in September or October. But in Shinyanga, Tanganyika, at 3°4o' S they are most abundant in December
and January—a seasonal pattern which corresponds with the transittimes of the Inter-Tropical Convergence Zone in these areas (see
Manning, 1956). Similarly I have noticed large numbers of these
two species flying through Beira, Mozambique in mid-January when
the rains were just breaking. And the same interpretation can be
placed on Fraser's observation (1951, 1954) that the annual departure
in September of these species from Ceylon and the Western Ghats
of India takes place in a westerly direction. At such a time these
insects would presumably be moving towards the cold front produced by the strong south-west monsoon. A particularly informative
record is that reporting the arrival of large numbers of P. flavescens
at a ship which was 466 km. from the nearest land and 1448 km.
from the coast of Australia whence the dragonflies had probably
come (McLachlan, 1896). Their arrival coincided with a heavy fall
of rain.
It seems likely, therefore, that temporary pool-breeders in semiarid zones fly upwards at emergence and then allow themselves to
be transported by the wind to places where rain will later fall. In
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:his sequence of events, the initial action would be made by the
iragonflies, whereupon the wind would take over until such time as
:heir flight became appetential again and the insects descended. As
Rainey (1951) has pointed out, in such a scheme we can see a survival value for flight without orientation on the part of an insect.
In the light of the above hypothesis, it is easy to see why so many
:emporary pool-dwellers are gliders, typically possessing a greatly
enlarged anal field in the hind-wing. Indeed all the genera mentioned by Hankin (192 1) and Bartenef (1930 in this connexion
nhabit temporary pools. It is noteworthy also that Libellula quad-imaculata, though not normally a glider, will employ this kind of
light when migrating (Nordman, 1935)• This species is one of those
Libellulinae with an unusually broad base to the hind-wing. The
importance to larger migrants of gliding flight needs no emphasis
when it is remembered that they can often survive long journeys
aver the sea (e.g. Fraser, 1933, 1936b; Nohira, 196o) where they can
presumably neither settle (see Schwarz, 1889) nor feed. Although
ilternative explanations are possible, it may be significant that all
the dead Anisoptera found washed up on a sea beach at Cape Henrima Maria, in north-eastern Ontario (Walker, 195o), belonged to
neon-migratory species.
Despite the saving of energy which gliding flight must achieve,
the possibility should nevertheless be considered that migrant
iragonflies may possess additional specialisations in the form of
Food reserves. As Hocking (1953) has remarked, " a starved insect
:annot migrate ", and if dragonflies do so directly after emergence,
they would seem singularly ill-equipped for extended survival withput food. If it is found that migrant dragonflies do possess additional
Food reserves, then it might be possible to estimate the distances
they had travelled, and to deduce their points of origin, by measiring the progressive depletion of stored fat in individuals caught
'n route (see Fulton and Romney, 1941).
The main points dealt with in this chapter may now be summarised. Dispersal, meaning the colonisation of new breeding sites,
s the prerogative of the adult dragonfly, and can be achieved fortuitously by flights in search of food, shelter or water, or purposeFully by migration. The type of dispersal which is characteristic
For a species is related to its habitat. In isolated, permanent habitats,
iragonflies show specialisations that prevent or reduce dispersal; in
ess isolated habitats, dispersal is neither assisted nor prevented,
Ind occurs as a fortuitous result of appetential flights. In temporary
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habitats, dragonflies which neither aestivate nor hibernate are
specially adapted for dispersal, to an extent related to the
degree of permanence of the site and to the environmental factor
which periodically renders it uninhabitable. Such an adaptation is
migration, which may be regarded as a persistently non-appetential
maiden flight. Migration need not occur en masse, nor need all
aggregate flights be migrations. In semi-permanent habitats, the
migratory instinct is probably facultatively determined by appropriate stimuli, or else obligate in a variable proportion of the population. In temporary habitats made regularly unsuitable by cold,
it is suggested that both migration itself and its direction are facultatively determined, and that the latter may be controlled by a
system of sun-compass orientation. In habitats made regularly unsuitable by drought, migratory behaviour is evidently obligate and
the adults, being gliders, probably make use of convergent winds to
transport them to places where rain is falling.

EVOLUTIONARY. PERSPECTIVE

CHAPTER IX
EVOLUTIONARY PERSPECTIVE
ODONATA larvae may perhaps have become aquatic during the

Permian era. In the unusually dry conditions prevailing then, fresh
water would have become progressively confined to streams and
rivers, at the margins of which humidity gradients would have
become correspondingly abrupt. At such a time Odonata larvae may
have been relatively well-equipped to remain terrestrial, and it was

perhaps the greater dependence of their prey on free water that
forced them to become specialised for an aquatic existence. Whatever may have been the factors which brought about this transition,
they have had a far-reaching effect on the Odonata as we see them
today. The intense selection pressure which is a feature of the
aquatic environment is reflected in the adaptive radiation shown
by the larvae, and the specialisations in all other stages of the lifehistory. It is no exaggeration to say that almost all the main
variations in the life-history can be seen as adaptations related to
dependence on a particular kind of larval habitat. Thus the logical
way to summarise what has been said in this book will be from this
point of view.
Today almost all dragonfly larvae are aquatic, and the very few
exceptions in no way affect generalisations based on this fact.
Dragonflies inhabit watercourses throughout their length, from
their origins in highland streams and associated bogs to their placid
mature reaches in the plains. In the latter, dragonflies occur in
almost all slowly-moving or standing water, be it permanent or
temporary, so long as it is not too hot, saline or acid. It is true in
general that the most primitive Odonata are those near the source
of a watercourse, and that towards its mouth and the neighbouring
plains, the characteristic species become progressively more special-

ised. This can be regarded as an expression of the relative degree of
fluctuation of factors comprising the physical environment between
these two extremes. Thus, during arid times, highland streams will
he the last aquatic habitats to be seriously affected, situated as they
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are near the melting snows and where precipitation is highest.
In their upper reaches, streams are usually isolated by steepsided hills, and are often shaded by thick vegetation growing in the
well of a narrow valley. The water is permanent, and along its
margins a gradual humidity gradient separates it from the unsuitable hinterland. Its flow is rapid and its temperature low and steady.
thus ensuring that the dissolved oxygen remains plentiful and constantly available. The salinity and pH fluctuate very little. The
bottom consists of stones or coarse sand, with occasional collections
of leaves or debris, and rooted aquatic vegetation is correspondingly
scarce.
In such surroundings Odonata oviposit endophytically, often in
moss or wood out of water, a habit probably necessitated by the

vulnerability of the prolarva to the rapid current, and made possible
by the low saturation deficit of the air. Development of the aquatic
stages is slow, the metabolism and thermal growth coefficient of
the larva being low, and its life being very long relative to that of
the adult. Larval respiratory organs are relatively unspecialised : a
diaphragm is not always present, and the caudal lamellae of Zygoptera, unless modified for other purposes, are simple and small.
Larvae are probably euryhaline (see Schoffeniels, 1951). Prey is
discerned by general receptors among which the antennae predominate. Larvae not infrequently leave the water and walk around
in the humid air nearby. In streams, larvae are strongly thigmotactic, the larger forms being robust and streamlined, while the
smaller are dorso-ventrally flattened and shelter beneath stones. A
few species of both types have developed adhesive organs which
they employ to resist being displaced by the current. Where streams
flow through bogs, the larvae of some larger forms have become
specialised to live within the matrix of the bog itself. These are not
thigmotactic, and spend the day resting in elaborate burrows which
they cut out of the peat below water level. Larvae inhabiting streams
or bogs rarely if ever swim, but usually move by walking over the
substratum.
The limited suitability of the highland habitat in an upstream
as well as a downstream direction, and its topographical isolation in
the valley, result in dispersal being reduced to a minimum. The
aquatic stages resist displacement by the current and newlyemerged adults remain near the breeding site. This limits the extent
to which spatial segregation of immature and mature adults can be
effective, and has apparently resulted in some immatures showing
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arboreal habits, particularly perhaps where air temperatures are too
low to allow regular temporal separation of the two groups.
Dragonflies in such habitats exhibit many primitive characters
and a narrow ecological tolerance, related no doubt to the relatively
constant conditions in which they live. They comprise certain
Calopterygoidea, the Anisozygoptera, the Petaluridae and some
Aeshnidae, and these groups tend to have a wide, discontinuous
distribution which provides additional evidence for their antiquity.
This point is well illustrated by the palaeo-endemics in South
Africa, which have their closest relatives in Australia, and which are
confined to highland streams in the Cape Colony (Brinck, 1955).
Thus it is in these most permanent and isolated habitats that we
encounter the little-modified survivors from earlier times.
The environment presented by a watercourse changes in certain
regular respects from source to mouth. As the gradient becomes less
severe, adjacent valleys become wider and separated less by intervening hills. As conditions in the lowlands become hotter and drier,
the permanence of the water is less assured, and the humidity
gradient between the water and land becomes more abrupt. The
water flows more slowly and its temperature rises, and therefore the
availability of dissolved oxygen decreases. All physical factors, pH
and salinity included, are liable to show wider fluctuations about
the seasonal mean. The water becomes more turbid and the bottom
deposits become more varied, consisting to a greater extent of fine
silt and humus. Rooted aquatic vegetation comes to play an increasingly important part in determining microhabitats within a body
of water.
As we descend to the plains we encounter a succession of species
of Odonata, each characteristic of a certain altitude zone of the
stream or river (see Fittkau, 1953). The lower the level, the more
numerous and varied the species become, and the more extensive
their adaptations to a fluctuating environment. Dragonflies which
oviposit endophytically can utilise rooted aquatic plants, and can
thus reduce the risk of desiccation by laying eggs underwater. Those
which oviposit exophytically are first encountered in upper reaches
of rivers where they exhibit special current-resisting adaptations,
as found in certain Gomphidae and Corduliidae, and in Zygonyx,
while at lower levels they can oviposit simply in sheltered sites.
Development of the aquatic stages is rapid, the metabolism and
thermal growth coefficient of the larva being higher and food being
more plentiful. Larval life becomes shorter compared with that of
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the adult. Supplementary respiratory specialisations are manifest
in the complexity of the rectal gills, the strength of the diaphragm,
the size and protrusive growth of the caudal lamellae, and perhaps
also in the paired abdominal gills. Larval feeding methods become
diversified in accordance with the greater opportunities presented
by the habitat. The greatest departure from the basic type is
reached by forms living in vegetation which rely to an increasing
extent on visual perception of prey in daytime. Associated specialisations are found in the greater length of the labium and power of
the diaphragm; and all of these increase the effective feeding range
and therefore the amount of food obtained. Such forms probably
return to the tactile method of feeding at night, and consequently
have available two methods of obtaining prey. Certain members of
the Corduliidae appear to have extended their range of tactile prey
perception by hyperdevelopment of the legs.
A greater diversity of available niches has led to adaptive
radiation in the methods larvae use for concealment, and these in
turn have led to associated modifications with regard to respiration,
protective coloration, locomotion and defence. Burrowers make digging movements, and have developed an elevated rectal opening or a
siphon. Larvae in more exposed situations amongst plants near the
surface are thigmotactic during the day, and have developed a cryptic coloration and posture believed to reduce cannibalism. Larvae
living amongst vegetation show a more refined ability to resemble
their background. The hyperdevelopment of the respiratory organs,
necessitated by the low availability of oxygen and high metabolism,
is utilised to provide a rapid means of emergency locomotion which
during the day tends to replace the normal method of walking. In
these exposed forms, other protective behaviour, such as death
feigning and defence, is developed to a greater extent.
The greater complexity of lowland habitats affects the adults.
Segregation of immatures and matures can occur spatially in a
horizontal direction, because the valleys are wider, and temporally
because the evenings are warmer. Interspecific interaction among
matures can be alleviated by localisation in the niches provided by
the more varied vegetation. And as habitats become less permanent.
in both the long-term and short-term sense, the powers of adult
dispersal become greater.
Finally, by way of river pools in the flood-plain, we reach the
environment representing one extreme of the series we are considering. This is the lowland temporary pool, owing its formation to

202

A BIOLOGY OF DRAGONFLIES

seasonal floods or rain in an otherwise arid region. It seldom remains
suitable for habitation for more than a single generation at a time,
and is spatially very confined. Within a few centimetres of the
water's edge the saturation deficit becomes lethal to larvae. Thus
they are confined to the water and cannot readily leave it to compensate for the lack of dissolved oxygen caused by the water being
stagnant and warm. Furthermore they need to develop very rapidly
and must therefore have a high thermal growth coefficient. These
are conditions demanding the highest degree of larval adaptation,
and accordingly we find that the trends described above have been
carried to extremes in larvae of this type. In such a habitat the ratio
of larval to adult life reaches a very low value, the former being as
short as possible, and the latter as long. In the tropics, where
sufficient shelter is available, the adult may retire there to survive
the dry season; otherwise, it migrates, and having need to remain on
the wing throughout the day, has developed a gliding flight. In
temperate regions, the inclement period may be survived by the
drought-resistant egg or the hibernating adult, for both of which
stages pre-adaptive parallels are found in certain tropical species.
Lowland pools, especially if temporary, can exhibit wide fluctuations in salinity, and it is found that almost all species known to be
euryhaline are pool-dwellers (see Wright, 1943a; Nielsen, 1954)
and that some of these are migrants (Tsuda, 1939; Lieftinck, 1954).
As Brinck (1955) has pointed out, inland brackish pools have very
few endemics, doubtless because of the danger of specialisation in
a habitat of such limited permanence. Thus Odonata colonise such
places by developing a wide range of salt-tolerance, and not by
becoming specialised to exist at high salinities per se. The same
principle evidently applies to their tolerance of high temperatures,
since species found in hot springs (see Brues, 1929, 1933) are not
specialised for life in this habitat, but are those known elsewhere to
have an unusually wide thermal tolerance.
The environment presented by the large, permanent inland lake
is a heterogeneous one which must be considered apart from the
series under discussion. A lake is usually a fortuitous feature interpolated into a normal water-erosion pattern and, as far as I am
aware, no lakes have yet determined recognisable specialisations in
dragonflies. Lakes have been colonised around the littoral zone, to
a depth seldom exceeding io m. (Kennedy, 1922), by certain dragonflies with responses for habitat selection which attract them there
and a physiological tolerance which enables them to survive. Thus,
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apart from pond-dwellers which fly amongst emergent aquatic vegetation in sheltered bays, many species occurring in lakes are riverine forms which have been attracted by the long straight
water-margins. Riverine Odonata which have colonised lakes only
include forms which are protected from the movement of the water.
Those species, such as Calopteryx, whose larvae are normally exposed to the current, do not inhabit lake shores because they require
water with a unidirectional flow. It appears that lakes have been
colonised only by those dragonflies fortuitously pre-adapted for the
niches they offer. It might have been expected that some species of
Zygoptera would have developed lacustrine specialisations in some
of the more ancient lakes, perhaps after the manner of the flightless
caddisfly that skates over the waters of Lake Tanganyika (Marlier,
1955); but so far there have appeared no signs of this. Evidently
lakes present no niches sufficiently unusual and isolated to encourage speciation in dragonflies, and yet still able to be colonised
by them. Odonata larvae require a large amount of food and yet
must hide from their main predators, fishes, and these conditions
necessarily confine them to the littoral zone. Most types of lake
shore have their equivalent in a river, since it is the degree of
water-movement which determines the type of sediment which
accumulates and therefore the vegetation pattern, both of which
are key-factors in the formation of niches for larvae.
One other type of larval adaptation which requires special
mention concerns that shown by sylvan species. Dragonflies may
live in forest because of the equable microclimate this habitat provides in the tropics, because of the abundance of food there, or, in
the case of small island forms, perhaps because forest provides
shelter from wind. Within forest, Odonata have encountered a
shortage of conventional sites in which to oviposit. This situation
has resulted in specialisations associated with oviposition in watercontaining plants, such as ground palms and epiphytic bromeliads,
in tree-holes and small containers, and ultimately in leaf-bases
which sometimes become dry and in leaf litter on sheltered parts
of the forest floor. It becomes clear that terrestrialism in larvae is
only likely to have evolved in an environment such as forest, where
the saturation deficit near the ground is negligible and therefore
presents no humidity barrier to prevent larvae leaving the water.
Thus among the forest species of Megalagrion we find a series, from
stream-dwellers on the one hand to completely terrestrial forms on
the other. Those intermediate in position frequently move to the
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margins of the stream and make excursions over the forest floor
nearby. It follows that larval terrestrialism as shown by certain
Zygoptera today should not be confused with the primitive, preaquatic terrestrial condition of Odonata larvae. The evidence indicates that the former is a secondary development caused by
competition for breeding sites in the forest environment.
This brief resume has recapitulated some of the principal modifications which have resulted from the dependence of larvae on an
aquatic environment, and it has shown how, as one passes from
source to mouth of a typical watercourse, the dragonflies become
more highly specialised and more euryvalent to meet the wider
fluctuation in conditions. Although the aquatic environment must
be regarded as the overriding factor in this process, a second one
which has greatly affected Odonata is temperature. This factor
shows its main regression on latitude, and outside the tropics undergoes marked seasonal fluctuation. Thus in the many species which
have successfully colonised temperate regions we find the basic
life-history modified so as to ensure that the winter is survived
by a suitably resistant stage, and that the adult coincides with the
warm season, this being the only time when reproduction can occur.
These requirements have necessitated the evolution of a hibernating
stage and a physiological regulating mechanism which will restrict
emergence to the appropriate season.
In the endophytic Lestidae and Aeshnidae, the egg is often
adapted to survive the inclement season, and has evolved a
temperature-controlled diapause which ensures that it is regularly
the hibernating stage. A few temperate species hibernate as adults,
but this appears to have ecological significance only if they do so
during the maturation period, a situation which has a pre-adaptive
parallel among allied tropical forms which aestivate. The great
majority of Odonata, however, survive the winter in the larval stage
which has become cold tolerant in all instars save perhaps the
earliest. As a result, the duration of this stage can vary in length
according to latitude and other factors, leading to wide temporal
variation which has to be drastically reduced just before emergence
to ensure that the short-lived adult appears in a restricted period at
a regular time of year. The means adopted for reducing this variation are variably efficient and involve responses such that the
developmental rate varies according to temperature and sometimes
photoperiod.
As the latitude becomes higher and the warm season shorter and

cooler, other temperature-dependent activities undergo progressive
modification. Perhaps the greatest changes are found in the daily
rhythms of emergence and adult flight. Emergence. primarily
nocturnal in large species to reduce predation by birds, becomes
facultatively diurnal, occurring first at dawn and then later in the
day. This transition may be associated with heavy mortality. Adult
flight activity, which in fliers at low latitudes is eocrepuscular,
becomes first crepuscular, then bimodal diurnal, and finally unimodal diurnal as the latitude becomes higher. Doubtless the
process of maturation, also temperature-dependent, varies in
duration according to latitude in a similar way. It may well be that
in higher latitudes temperature often becomes a limiting factor, and
that the worst enemy of the adult there is bad weather.
In this chapter we have seen how patterns of erosion and temperature can modify the ecology and behaviour of dragonflies today.
and how by various means these insects have been able to adapt
themselves to fluctuations in the physical factors of their environment. In considerations such as these must lie the clue to the most
compelling feature of the Odonata as a group, namely their persistence over long periods of time. They are, as is well known, among
the earliest insects still surviving in recognisable form, having been
represented in fossiliferous deposits from the Carboniferous onwards.
If, as the geologist contends, the clue to the past is to be found in a
study of the present, then one of the foremost reasons for their continuity resides in their extreme plasticity of behaviour, which must
so often buffer them against the vagaries of a fickle environment.
Moore (1952b) once remarked of Sympetrum striolatum that " the
reproductive behaviour of both sexes ... does not take the form of
rigid chain reflexes." Indeed, facultative behaviour is the rule rather
than the exception in many of their other important activities. If the
concentration of dissolved oxygen becomes too low, larvae leave the
water and breathe air until conditions improve; if they do not gain
protection by shamming dead, they turn to the attack; if low
temperatures before midnight prevent adults transforming at the
safest time. they cut their losses and emerge at the next opportunity:
if the air temperature is too low for spontaneous flight when this is
of great survival value, the thorax is made ready by vibrating the
wings; if a percher becomes too hot it shades itself from the sun.
and if too cold it settles on a warm surface; and if the wind is too
strong, a male leaves a female after copulation instead of guarding
her during oviposition. In each case plasticity of behaviour enables
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an alternative course of action to be adopted when conditions prove
unfavourable. Another reason for the persistence and success of
dragonflies is probably that they occupy a dominant position in their
predatory relationships with other animals, mainly on account of
their size, agility and cryptic behaviour. At the same time they
qualify as well-adapted predators because they hardly ever decimate
their prey.
In most fields of endeavour, those which achieve a dominant
position occupy it for but a short while before yielding to other
claimants which, as circumstances change, prove better adapted
than they. Yet dragonflies, their long history untarnished by defeat,
still remain-monarchs of all they so competently survey.
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ODONATA

aequabile, 11
maculata, 63, 82, 169
splendens, 5, 6, 23, 49, 8o, 82, 119,
1 44 , 1 45, 1 47, 1 50, 158,
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18o, 186, 187
splendens form cartvelica, 167
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Ceriagrion, 54, 59
tenellum, 5o, 161, 162, 187
Ceylonolestes, see Indolestes
Chlorocypha, 170
glauca glauca, 163, 170
Chlorogomphus, 2
magnificus, 6, 85
Chlorolestes peringueyi, 140
Coenagrion, 3, 49
armatum, II, 171
hastulatum, 38, 4o
120,

Species are listed under the generic name only.
Anax-cont.
junius, r, 25, 6o, 61, 64, 88, 91, 98,

Acanthagyna, see Gynacantha
Acanthallagma strohmi, 138
Aciagrion hisopa, 124
Acrogomphus fraseri, 145
Aeshna, 3, 8, 47, 54 , 59, 6o, 82, 85, 86,

104, 127, 152, 155, 190, 193, 194

87, 88, 105, 129, 133, 141, 152, 166
affinis, 25, III, 136
cyanea, 3, 4, 57, 58 , 59, 62, 83, 87, 96,
100, 105, ro6, 107, too, 110, 116, 119,
126, I29, 134, 141, 162, x65, 166,
168, ,8o
grandis, 49, 52, 83, 110, 121, 127, 148,
I 8o
isosceles, 29, 39, 136
juncea, 17, Ito, 135, 148, ,6z, 05, 166,
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Aethriamanta aethra, 79
Agrion, see Calopteryx or Coenagrion
Allocnemis leucosticta, 168
Amphiaeshna ampla, 128
Amphicnemis, x5
Anaciaeshna, 39
jaspidea, 16
Anax, 39, 59, 6o, 62, 63, 82, 83, 86, 88,
89, 105, x15, 166
guttatus, 104
immaculifrons, x04
imperator, 32, 38, 39, 61, 6z, 64, 83,
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parthenope, 25, 175, 178
ctrenuus, 25, 104
tristis, 91

Anisozygoptera, see Epiophlebiidac
Anotogaster, 59
sieboldii, 8
Aphylla, 23, 70
ambigua, 109
williamsoni, 103, 105
Archilestes,
californica, x, 9
grandis, 17
Argia, 12, 79, 102, 110, 174, 180
moesta, II, 120, 132, 186
Argiolestes, 86
amabilis, 157
pectitus, 8o, 81
Austroaeshna anacantha, 93
Austrocordulia refracta, 87, 88
Austrolestes leda, 125
Austrophlebia costalis, 136, 137
Azuma, see Epophthalmia
Basiaeshna janata, 153
Boyeria irene, 88
Brachythemis, 73
contaminata, 127

lacustris, 20, 73
leucosticta, 5, 73, 117, 127, 132, 136,

137, 153, 154, 160
Brachytron, 83, 88
pratense, 39, 54, 1 44
Bradinopyga,
cornuta, 139
geminata, 139

Calopterygidae, 59
Calopteryginae, 169, 170
Calopterygoidea, 52, 200
Calopteryx, 5, 12, 54, 55, 59, 66, 8o, 82,
86, 89, 113, 116, 133, 136, 160, 163,
167, 180, 203
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Crocothemis-cont.
saxicolor, 142
servilia, 125

1 39,

1 59,
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mercuriale, 5o

puella, 24, 4o, 174, 18o, 18i
pulchellum, 10, 178

Coenagrionidae, II, 43, 59, 82, 83, 99,
i16, 136, 138, 140, 145, 1 59, 1 74
i5onina9e, 169
Co per a, 54, 5
marginipes, 2
Cora, 79, 88
Cordulegaster, 22, 69, 70, 72
boltoni, 21, 118
dorsalis, 22, 90
maculatus, 95

Cordulegasteridae, 21, 22, 59, 75, 89,
90, 105, 139, 141, 171
Cordulephya pygmaea, 4o, 41
Cordulia, 75
aenea, 23, 57, 58, 59, 6o, 73, 75, 77,
168
14,151347,
sh u13r5ti effi

Corduliidae, 23, 59, 73, 75, 76, 77, 102,
104, 127, 159, 171, 172, 200, 201

Coryphaeshna ingens, 148, 152, 155
Cratilla calverti, 132
Crenigomphus renei, 4, 26, 27, 69, 1 04,
Croc114
Crocothemis,
ot1; 117 59, 65
erythraea, 5, 28, 32, 33, 110, 125, 131,

178, 179

Davidius, IS

Diastatopodinae, 169
Diphlebia, 79
lestoides, 11, 8o, 139
Diplacina Paula lethe, 132

Diplacodes, 130
bipunctata, 125
haematodes, 32, 92, 93
Dromogomphus, x66
spinosus, 4, 116
Elattoneura mutata, 168
Enallagma, 49, 97, 1 54, 161, 174, 180
aspersum, 11, 25
cyathigerum, 11, 90, 148
divagans, 97, 98
exsulsans, 9
signatum, 129
traviatum, 97, 98
vesperum, 23, 129
Epallage fatime, 52, 167

Epallagidae, 52
Epallaginae, 169, 170
Epiaeshna heros, 155
Epicordulia, 115
princeps, 116, 127, 153
Epigomphus, 172
quadracies, 173
Epiophlebia, 52, 59, 79, 89
laidlawi, 8o
superstes, 23, 29, 31, 46, 8o, 84, 89, 90,

103, 1 45, 1 49
Epiophlebiidae, 51, 59, 64, 79, 87, 200
Epii
Epitheca,
b culta, 20 ,2 9,9
, 3 239,
44, 45
Epophthalmia, 59, 75
vittata sundana, 76, 77
Erythemis,
peruviana, 131
simplicicollis, 77
Erythromina,
najas, II
Euphaea,
rhiega
racetaa,, 52
variegate,

Gomphidae, 2, 3, 21, 22, 40, 41, 59, 66,
69, 70, 71, 73, 74, 75, 87, 90, 102,
103, 104, 105, 115, I20, 127, 129,
131, 145, 158, 159, 168, 171, 172, 200

Gomphidia javanica, 122, 186
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Gomphus, 59, 113, 115, 139
annulatus, 172
descriptus, 4o, 41
externus, 29
flavipes, 35, 178
graslinellus, 151, 175
lividus, 175
plagiatus, 109, 1 44
pryeri, 16
pulchellus, 4o, 41
vulgatissimus, 3, 4, 102, 103, 105, 109,

lizdophaea dispar, 141
Ischnura,
cervula, 101
elegans, 91, 140, 167, 178, 179, 180,

187
posita, 97
senegalensis, 120
verticalis, 27, 28, 29, 39, 91, 99, to8,

120, 168, 180, 181
tsostieta, 73
simp/e v, 83

113, 116
Gynacantha, 8, 16, 34, 62, 63, 83, 124,

129, 138, 140, 151, 1 53, 1 75
basiguttata, 127
bullata, 135, 157, 158
helenga, 127
membranalis, 175
mexicana, 26
znillardi, 128
nervosa, viii, 127, 155
nigeriensis, 91
subinterrupta, 127
vesiculata, 91, 123, 124
villosa, 91, 127

Lamelligomphus, see Onychogomphus
i a to, boen gpih
L ept
, 1s,
74 4 73
Lester, 8, 12, 34, 37, 44 , 54 , 59, 6o, 63,

8z, 174
barbarus, 178
dryas, 8, 37, 64, 91, 117, 121, 178
sponsa, 11, 12, 24, 36, 37, 93, 97, 120,
122, 178, 180

unguiculatus, 8, 37, 117
virgatus, 123, 124
viridis, 1 0, 1 7 , 43 , 44, 45, 46, 54, 178

Lestidae, 9, 11, 17, 33, 37, 56, 59, 6o, 82,
1 40, 1 45, 1 59, 204

Hadrothemis,
camarensis, 13, 157
coacta, 13, 16
defecta pseudodefecta, 26, 27
Hagenius, 73
brevistylus, 38, 41, 109
Heliaeshna, 153
libyana, 127, 128, 135, 153
ugandica, 129
Heliogomphus, 73
drescheri, 74
Helocordulia uhleri, 95
Hemianax,
ephippiger, 5, 39, 9 1
papuensis, 25, 92
Hemicordulia,
asiatica, 104, 116
tau, 31, 92, 93
Hemiphlebia mirabilis, 170
Hetaerina, 6
titer, 140

Lestinogomphus, 70
af ricanus, 41, 42, 70, 71
angzistus, 71, 72
Leucorrhinia, 115
dubia, 2, 3, 29, 110, 117, 118
Libellago, 170
Libellula, 69, 7o, 115, 1 39
depressa, 4, 18, 23, 85, 95, 105, 116,

Ictinogomphus, 72
decoratus, 102
ferox, 2, 5, 4 1 , 42, 43, 72, 102, 117
ldionyx, 21
galeata, 172
safironata, 153
Indolestes gracilis peregrina, 124

Macromia, 22, 66, 75, 77

144, 168
fulva, 29, 85, 109
quadrimaculata, 2, 3, 4, 20 , 99, 109,

1 36, 1 43, 144, 155, 161, 168,
178, 179, 180, 191, 192, 196
vibrans, 141
Libellulidae, 25, 59, 6o, 63, 75, 77, 78,
79, 87, 102, 104, 127, 129, 130, 133,
138, 154, 158, 159, 180, 194
Libellulinae, 147, 196
Lyriothenzis magnificata, 13
1 34,

Macrogomplzus, 70
Pi/a/a/1/US, 127
arachnomima, 76, 77, 104, 1 34

cydippe, 75
erato, 75
gerstaeckeri, 75
illinoensis, 103
magnifica, 2

Macromia-cont.
moorei fumata, 82
pieta, 5, 103, 117, 178
Mecistogaster, 15
modestus, 14, 15, 157
Megalagrion, 15, 50, 51, I16, 185, 203
amaurodytum waianaeanzim, 51
leptodemas, 5o, 51
oahuense, 51, 89, 138, 148, 158 9 185
oceanicum, 51
Megalogomphus,
hannyngtoni, 6
icterops, 6, 85

Megapodagrionidae, 59 , ' 85
Merogomphus, 7o
Mesogomphus, see Paragomphus
Metacnemis, 79
valida, 4
Micrathyria aequalis, 18
Microgomphus, 73
chelifer thelyphonus, 74, 186
schoutedeni corbeti, 78
Microstigma maculatum, 141
Nannophya, 59
pygmaea, 137
Nannothemis bella, 91, 98
Neuraeshna, 151
Neurocordulia, 75
obsoleta, 116
yamaskanensis, 127, 128
Neurothemis tullia tullia, 118,
Notiothemis, 34, 140
robertsi, 16
Notogomphus, 73

1 37

Octogomphus, 22
Oligoaeshna, 153
pryeri, 7, 61, 63, 68, 70
Olpogastra lugubris, 171
Onychogomphus,
forcipatus, 40, 41
nilgiriensis, 40
Onychothemis culminicola, 130
Ophiogomphus,
forcipatus, 2
morrisoni, 135
serpentinus, £72
supinatus, 69
17
Orolestes
Orthetrum, I, 16, 34 , 59, 69, 70, 139,
1 48

brachiale, 5, 119
brunneum, 139
caledonicum, 93

24 1
Orthetrum-cont.
cancellatum, 3, 26, 45, no, 144, 178,
1 79

julia, 126, 128
trinacria, 5
Pachydiplax longipennis, 110, 163
Palaiargia, 79
Pal popleura, 171
Lucia, 137, 138, 163
Lucia Portia, 91
sexmaculata, 137
Paltothemis lineatipes, 85
Pantala, 78
flavescens, 1, 3, 5, 29, 32, 64, 91, 112,
113, 117, 118, 136, 152, 153, 190,
1 94,

1 95

hymenea, 91, 93, 152
Paragomphus,
cognatus, 5, 140
hageni, 4, 69, 71, £17
lineatus, 14o
Pentaphlebia, 79
Perilestes,
remotus, i8o
solutus, 180
Perithemis tenera, viii , 6, 18, 19, 26, 27,

28, 29, 30, 38, 130, 135, 142, 145, 1 49,
157, 158, 16o, 163, 164, 167, 171,
178, 179, 182
Petalura gigantea, 149
Petaluridae, 7, 59, 66, 67, 68, 69, 72, 87,
102, 104, 129, 171, 179, 200

Philonomon luminans, 5
Phyllogomphus, 70
orientalis, 5, z6, 41
Planaeshna milnei, 21, 127
Plathernis 2Lydia,
183,: 9;24,
1yd 135, 16
403,27,11o,
:
4
116, 10
146, 158,

160, 163, 164, 165, 168, 178, 179
Platycnemididae, 170
Platycnemis, 54, 74, 180
p ee na nip
d
iba ta 167, :70
34,
foliacea,

7o
44,

135, 167, 170, 176,

P I ca tayc
i7yg8p
a, ta
ha
l38 47 79
Polycanthagyna, 59
Polythoridae, 52
Potamarcha congener, 91, 132
Procordulia artemis, 29, 32, 85
Progomphus alachuensis, 102
Pseudagrion, 174
nubicum, 148
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Pseudagrion-cont.
pseudomassaicum, 5
salisburyense, 64, 65
torridum, 129
Pseudophaea splendens, 78
Pyrrhosoma, 73
nymphula, 27, 89, 90, 98, 101, 103,
105, III, 112, 116, 118,
122, 132, 141, 143, 161,

120,
162,

121,
165,

168, 178, i8o
Rhinocypha, 170
Rhipidolestes, 59
Rhyothemis, 59, 78
Phyllis snelleni, 119
triangularis, 137
variegata, 138
Selysioneura cornelia, 8, 9, 116
Sieboldius, 59, 73
Somatoch/ora, 59, 77, 12 7, 128
charadrea, 23
clavata, i6o
kennedyi, 153
metallica, 20, 22, 23, 29, 859 178
williamsoni, 8
Stylurus, 166
laurae, 6
Sympecma,
fusca, 124, 178
paedisca, 124, 178
Sympetrum, 2 5, 34, 59, 63, 78, 105, 131,
166, 189, 192
ambiguum, 101
corruptum, 125
costiferum, 132
croceolum, 131
danae, 26, 29, 125
depressiusculum, 126
flaveolum, 3, 16, 26, 34, 105
fonscolombei, 32, 91, 105, 125, 126,
179, 188
meridionale, 32, 33, 189, 190
nigrescens, 132
obtrusum, 36
rubicundulum, 193
sanguineum, 16, 17, 18, 29, 34, 35, 125,
132, 139, 189

Sympetrum-cont.
striolatum, 24, 26, 29, 35, 63, 98, 103,
105, 123, 125, 126, 131, 143, 144,
145, 146, 149, 161, 178, 179, 188, 189,
190, 193, 205
vicinum, 16, 125, 132
vulgatum, 1 25
Synthemis eustalacta, 93
Tachopteryx thoreyi, 131
Tanypteryx, 59
hageni, 67, 68, 131
pryeri, 63, 109
Telephlebia godeffroyi godelfroyi, 128
Tetracanthagyna degorsi, 16, 127
Tetragoneuria, 19, 20, 23, 29, 32, 115,
166, 172
canis, 153
cynosura, 19, 20, 29, 32, 33, 85, 97,
100, 103, 105, 109, 111, 112, 149,
150, 151, 153, i6o, 161, 165, 18o
spinigera, 20, 29, 139, 153
Tetrathemis, 16, 34
camerunensis, 178
platyptera, 137
Tholymis tillarga, 39, 127, ,68, 178
Tramea, 78
basilaris, 5, 195
carolina, 48, 152
lacerata, 32, 38
virginia, 161, 163
Trithemis, 130
annulata, 5, 102, 103
donaldsoni, 4
festiva, 131
kirbyi, 137
Tyriobapta torrida, 142
Umma saphirina, 26, 27, 163
Uropetala carovei, 7, 8, 26, 30, 35, 63,
67, 68, 86, 90, 99, 115, 117, 120, 131,
149, 1 58 , 171, 172, 180

Zygonyx, 6, 20, 21, 22, 8o, 145
natalensis, 21, 117
Zyxomma, 39
obtusum, 127
petiolatum, 77, 78, 91, 127
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A page reference separated from those succeeding it by a semi-colon
indicates where a term is defined or explained in the text.
The last chapter, being for the most part a synthesis of the material
contained in the others, has not been indexed except for a few special
entries.
ABDOMINAL GILLS, 52; 53, 8o
Accessory genitalia, 174-7, 179-80
Adhesive organs, 40-3, 79-81, 86
Aestivation,
adult, 120, 122-5, 128, 188, 197, 204
egg, 37-8
Age,
changes, 120, 134, 141-2, 145-6, 170
determination, viii, 26-7, 1 46, 1 53
phases, 120-3
Aggregation, 1, ,o8, 132-3, 136, 151-5,
157, 189-90, 197
Aggressive behaviour, 3, 25, 141, 1 49,
156-66, 168, 180-2, 184
display, 162-3, 138, 163-5
see also Territorial behaviour
Altitude, effects of, 99, io8, 128, 133
Amphibia,
as predators, z6
as prey, 148
Anal spines, see Paraprocts
Antennae, 3-4, 54-5, 57-62, 134, 3 8-9
Ants, 68, 116
Aquatic plants,
as oviposition sites, 2, 7-9, 12, 7 9 20, 24, 39-40, 159, 162
Araneida, 75
as predators, 26, 89, 114, 116, 138
as prey, 68, 148
Asilidae, 139
Auditory sense, 62, 141
BAMBOOS, 13-14

Bees, 138, 155, ,86
Birds, 115, 151, 160
as predators, 26, 104, 114 - 16, 136 - 7
Bog-dwellers, 7, 50, 61, 63, 66-9, 90, 158
Brackish-water species, 202
Branchial basket, see Rectal gins
2

Bromeliads, 14-15, 158
Burrowers, 66; 21, 66-72, 85-6, 101, 113
deep-, 70-2; 102, 105
shallow-, 70-2; 73, 102
Burrows, 67-9
CANNIBALISM,

by adults, 104, 116, 135-6, 138, 141
by larvae, 64-5, 83-5, 116
Caudal gills, see Caudal lamellae
Caudal lamellae, 49 -50 ; viii, 5 1 , 53, 73 ,
8o, 7
adhesive organs, So-1, 86
defensive organs, 89
locomotory organs, 54, 86
protrusive growth, 50; 54
respiratory organs, 49-52, 54-5, 108
Cephalic heart, 44
Ceratopogonidae, 152
Chironomidae, 64, 69, 152
Chloropidae, 148
Chordotonal organs, 62
Chorion, 39
Chromosomes, 118
Cleaning movements, zo, I 34, 1 38- 9, 1 77
Coleoptera, 95, 98, 107, I 44, 186-7, 191
as prey, 68, 148
Colonisation, I, 182
see also Dispersal
Colour,
adult, 123-4, 128, 146
change, 82-5, 120, 123
40, 146
forms, 120
larva, 69, 73, 7 8 , 84
perception, 83
see also Cryptic coloration
Competition,
interspecific, I I, 47, 109, 16o-2
intraspecific, 64-5, 113, 182
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Compound eyes, 57, 61, 99, loo, 128,
1 34, 138- 9, 146-8, 165-6
Cone,
egg, 38-40
olfactory, 3 -4
Copulation, 23, 135, 156, 158, 170-82
duration, viii, 177-9, 182
frequency, 28, 165, 181
marks, 146, 165-6, 178
releasers, 142, 167-9
Courtship, 163; 12, 158, 163, 167, 169-71,
182
Crepuscular species, viii, 23, 127-9,
133-6, 138, 142, 151-3, 175, 205
Crocodiles, 114-15, 136
Cryptic coloration, 82-5, 12 4, 1 39 -40 , 142
Culicidae, 13, 65, 152, 154-5, igo
Current-resisting adaptations, 40-3, 52,
79-81, 86, 199
DAYLENGTH, see Photoperiod
Death feigning 87; 88-9
Defence behaviour,
adult, 140-1
larva, 66, 86, 88-9
Density, 25, 65, 84, 161, 163, 181, 186
Desiccation, 7-8, 12, 42-3
see also Drought
Diapause, 35-6; 188
adult, 125
egg, 35-8, 91, 93
larva, 93-6, 98-9, 110-11
Diaphragm, 48; 63-4, 86
Digging movements, 69-7o, 75, 86
Diptera, 134, 140, 152-5, 161
as models, 138
as predators, 139
as prey, 63-5, 69, 147-8, 152-5, 190
Dispersal, 183; 123, 141, 157, 18 3 - 97
Displacement behaviour, 26
Display, see Aggressive display; Courtship
Diurnal rhythms,
emergence, 103-8, 133, 142, 147, 190,
1 92- 4
feeding, 62-3, 68, 125, 1 34 -5
flight, 125, 1 27-9, 132-5, 142, 145-6,
153, 156, 205
hatching, 44
locomotion, 62-3, 68, 72, 85, 88
orientation, 186-7
reproduction, 125, 1 34-5
Drinking, 3
Drought, 8, 16-17, 33-5, 92-3, 188, 193

ECDYSIS, xv; 45 -6, 83, 113

Ecdysis-cont.
incomplete, 113-14
Ecological succession, 4, 187, 191
Economic importance,
adult, 154-5
larva, 65
Egg, 7 , 3 1-46
adaptive structures, 38-43
batch-size, 29-30
development, 20, 31-9
drought resistance, 16-17, 33-4
shape, 38-9
Egg-laying, see Oviposition
Egg-strings, 19 - 20, 29, 3 2- 3, 45
Emergence, xv; 87, 101-18, 193-5
curve, 109; 96, 109-12, 121
diurnal rhythm, 103-8, 133, 1 42, 1 47,
190, 193-4
divided, 107; 108, 112-13, 115
seasonal restriction, 93-9, 108-12, 1 4 2 ,
156, 190
Endocrine organs, 100-1
Eocrepuscular species, 127; 128-9, 134-5,
205
Ephemeroptera, 79, 176
as prey, 6o
Epiproct, 49, 8o
Escape behaviour,
adult, 3, 168
larva, 66, 86-8
Expectation of life, 121-2
see also Longevity
Exuvia, xv
Exuvial collections, 108-9, 111-12, 116-17
Eyes, see Compound eyes; Ocelli
FAECAL PELLETS, 64
Feeding,
adult, [23, 134, 1 45, 1 47 -55
larva, 47, 56-65, 68, 82
Fertilisation, z8, 31, 156
Fertility, 28, 156
Fighting, see Physical fighting
Fishes, 41, 115
as predators, 263 43, 65, 70, 203
as prey, 65
Flicker frequency, 6o-z 149
Fliers, 126; 127-9, 132-5, 149, 205
Flight,
diurnal rhythm, 125-9, 132-5
gliding, 126, 184
speed, 136-7
types of, 143, 150-1, 183
see also Maiden flight; Migration
Flying season, 121; 110, 125

Folk-lore, 141
Follicles, 26-7, 30
Follicular relics, 27, 146
Food,
adult, 132, 147-55, 190
larva, 6o, 62-5, 68-9, 90, 93, 116
reserves, 56, 196
Forest species, 12-18, 123-4, 128-9, 135,
140, 157-8, 168, 185-6, 203-4
Form perception, 6o, 148
GASTROPODA, 49
as prey, 62
Genitalia, 174-7, 179
Gliders, 126; 184, 196-7
Growth-rate, 63-6, 78-9, go-8
Guarding behaviour, 23; 164, 18o, 182
Gynandromorphism, 119
HATCHING, 44-5
curve, 32-3, 36
stimulus, 16, 34, 37-8
Hemiptera,
as predators, 26, 89, 11 4
as prey, 148
Hibernation, 188, 197
adult, 120, 123-5, 204
egg, 33-8
larva, 93-4, 101, III
Hiders, 73-4; 57-8, 66, 85, 101 -2
Homing ability, 1, 186-7, 191
Horns, 75-8, 172
Houses, dragonflies in, 128-9
Humidity, 12, 56, 68, 12 3 - 4, 127, 140,
1 94
Hybrids, 175
Hydracarina,
as parasites, 146
Hymenoptera, 168
314
as as ap a
l oradesiltse' s,"478
as predators, 116
as prey, 68, 15z, 155
INTERACTION, see Aggressive behaviour
Interspecific crossing, 175
prevention of, 156, 165-75, 182
Inter-Tropical Convergence Zone, 195
Island species, 184-6
LABIUM, 56, 58, 61, 63, 68, 89, 100
mechanism, 63 - 4
terminology, xvi
Lacustrine species, 4-6, 41, 69, go, 102,
202 - 3

INDEX
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Latitude, effects of, 99, 104, io8, 128,
1 33 , 2 04 - 5
Length of life, see Longevity
Lepidoptera, 125, 168-9, 191
as prey, 148
Light,
dragonflies at, 128
responses to, 6o-z, 87, 106-7, 129, 1 34•
1 4 2 , 1 46, 1 53
Lithophilic species,
adult, 139-40
larva, 79; 8o-i, 86, 102-3
Localisation, 158; 23, 26, 149, 163-4.
182, 186
Locomotory behaviour,
adult, see Flight
larva, 54, 62-3, 8o, 82, 86-7, 101-2,
107
prolarva, 17, 45-6
Longevity, viii, 27-8, 3o, log, 121-5, 157

MAIDEN FLIGHT, 104, 106-7, 113-14, 116,
126, 134, 142-4, 1 83 - 4 , 186, 188,
1 9 1 1 , 1 95- 7
Mammals, 151
as sign-stimuli, 153-4
Mandibles, 56, 68
Mass emergence, log; 110-11, 115, 190
Mating, see Copulation
site, 23, 121, 123, 1 45, 1 49 , 1 5 6- 9 ,
164-5, 182, 186-7
swarm, 161
Maturation period, 120; 120-z, 124, 132,

1 34, 1 4 2, 1 45
Meeting of the sexes, 156-8, 181-2
Melanin, 83
Metamorphosis, xv; 99, 110-12
behaviour, 54, 101
changes, 99-101
Migration, 184; 1, 123, 126, 143, 18 3 - 4,
18-97
Mimicry, 137-8
Mortality,
adult, 112, 121-3, 135-6, 138 -9, 141,
160, 196
density-dependent, 113
egg, 19-2o, 42-4
emergence, 104, 106, 108-9, 112-16,
205
larva, 49, 55-6, 118
metamorphosis, 112
oviposition, I, 7, 13, 26, 30, 156-7,
182
Mosquitoes, see Culicidae
Moulting, see Ecdysis
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Predators-cont.
of adult, 26, 104, 113-16, 135-9
of egg, 43-4
of larva, 65-6, 70, 83-4, 89, 104, 11 3-

Movement perception, 56, 58, 60-2, 75,
148-9, 161
Movements,
adult, 144-6, 151-2, 183-97
larva, 84 - 5, 101-3
Muscidae, 134, 140, 148, 152, 154, 190

14

Pre-reproductive period, see Maturation period
Prey, see Food
Prolarva, 44-5; 17, 38-9, 44-6, 199
Propterygota, 176
Pruinescence, 12, 170
Psychodidae, 64

NOCTURNAL SPECIES, 23, 127-9, 135
OCELLI, 129
Olfactory sense, 3-4
Oligochaeta, 64
Ommatidia, 59-6o, 62, 66, 79, 147-8
Oreillets, 175
Orientation,
adult, 132, 141-4, 186-7, 191-4, 196-7
larva, 101
Orthoptera, 35-6, 95, 1 9 1 , 1 94 -5
as prey, 68
Ovaries, 26-7, 29-30, 42, 146
Ovarioles, 26-7, 30
Overpopulation, 23, 156, 182, 1 84
Oviposition, xv, 1-30, 177
communal, 19-20
drought-adapted, 15-18, 37, 123
frequency, 27-8
marks, 146
movements, 1-2, 18, 25-6, 189
on land, 16-18, 34
posture, 180-1
site selection, 6, 17-19, 182
tandem, xv; 11-12, 23-6, 177, 180-2
underwater, 9-12, 24-5
Ovipositor, 7-10, 21-2, 39 , 44, 1 39

RAIN, 16, 92, 113, 140, 188, 1 93 -5, 1 97
Recognition, 138, 156, 162-75, 180-2
Rectal gills, 48
Refusal posture, 18o-i
Regeneration, 49, 87
Releasers, 167; 138, 1 41-2, 1 54, 164 ,
167-0,4
Reproductive behaviour, 149-51, 156-82
period, 121; 120-5, 145, 157
Reptilia, 88
as predators, 114-15, 136, 139, 160
Respiration,
adult, 11-12
at emergence, 107-8
larva, 47-56, 68, 70-I, 80, 82, 100
Resting postures, 126, 129-33, 135, 139,
1 42

sites, 124, 128-33, 135, 159-60
Roosting sites, 133-4, 145-6, 186-7

PALMS, 15
Paraprocts, 49, 51-2, 68, 8o, 89
Parasites,
adult, 115, 146
egg, 43 -4
larva, 49
Perchers, 126; 129-32, 138, 4 0, 1 49,
159-60
Photoperiod, 35, 93, 95, 97-9, 109, 194
Physical fighting, 165; 162, i65-6
Plants, as mortality factors, 7, I I, 13, 26,
139

see also Aquatic and Terrestrial
plants
Population size, 112, 117
Post-reproductive period, 123; 120
Predation, see Cannibalism; Mortality;
Predators
Predators,
dragonflies as, 64-5, 83-4, 104, 116,
135-6, 141-2, 16o, t65

Stridulatory organ, 89, 141
Summer species, 96; 96-7, ro9-1
Survival curve, 28, 121-2
Swarm-feeding, 151; 151-5
Swarming, 154, 161
Swimming, see Locomotory movements

SENSE ORGANS,
adult, 1-4
larva, 57-62, 68-70, 75-7, 79, 82
see also Antennae; Eyes
Sex determination, 118
Sex ratio, 109, 116-18, 157
Sexual isolation, see Interspecific crossing
Sexual selection, 165, 182
Sign-stimuli, see Releasers
Simuliidae, 63, 155
Siphon, 70-2
Snails, see Gastropoda
Soliciting posture, 180-I
Sound-producing organs, 89, 141
Sperm transference, 174, 176-7, 179-80
Spermatophore, 175-6
Spiders, see Araneida
Spiracles, 12, 47, 54, 108
Spring species, 94-5; 94-7, 109-1
Starvation, 56, 58
Stratiomyidae, 153

TABANIDAE, 154
Tandem position, xv; 156, 165-6, 171-4,
176-7, 180-2, 189
see also Oviposition
Temperature, effect on
adult, viii, Ito, 123-35, 1 40, 1 4 2-3 ,
145-6, 153, 179-80, 192, 1 94
egg, 31-2, 35-8
emergence, 97-9, 106-8, 110, 11 2- 1 3,
115
ta 54, h
60 -s2is, 985,
94_878 , 9 1-9
metamorphosis,
Temporary habitats, 187 - 8, 191, 194,
196-7
-pool-dwellers, 16-18, 33 -4, 45 -6 , 65,
78, 90-3, 123-4, 194-6
streams, 52, 8o
Terrestrial plants,
as larval habitats, viii, 13-15
as oviposition sites, 9-Io, 13-17, 21,
Terre4s5; ria51i
1 7s-m
8
12, 15, 47, 51, 56, 68,
89, 185-6, 198, 203-4
Territorial behaviour, 23, 25, 28, 150-1,
1156, 158-65, 181-2
Territories, 145, 150-I, 158-9, 161-3,
164-5, 170
oviposition, 153 9
Size, 159-63
Testing behaviour, 2-3, 16, 101, 105,
189
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Thermal growth coefficient, 31; 36, 91-3,
96-8
Thigmotaxis, 6z; 66, 80, 85-8
Threat display, 89, 140-I
Thysanura, 176
Tibiae, 138-9, 170, 177
Tibial combs, 138-9
Tipulidae, 152
Total numbers, 108, 112
Tracheae, 47-9, 52, 56, 81, 146
Tree-holes, 13
Trematoda,
as parasites, 49, 115
Trichoptera, 203
WASHING, 3, 139
Wasps, 43 -4, 116, 1 37
Water-bugs, 26
Waterfall-dwellers, 6, 20-I
Water-mites, see Hydracarina
Water-scorpions, 89, 114
Water-spiders, 114
Water-touching behaviour, 2-3
Weather, effect on
adult, 120-2, 125-6, 128-9, 140, 166,
179, 192, 205
emergence, 104, 107-8, 113, 115
larva, 54
maiden flight, 104, 113, 115, 143
survival, 121-2
Weed-dwellers, 58, 60, 62-3, 75, 78-80,
82-3, 85-6, 101
Wind, 104, 113, 137, 179, 185, 189, 192,
195-7

Wing-sheaths, xv; 54, 56
Wing-whirring, 126, 142
YOLK, 56

