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The genitalia have a “design” remarkably similar to those of other representatives of
the family. The main @ structures are the bursa copulatrix, a T-shaped spermatheca, a pair
of vaginal plates bearing a variable number of mechanoreceptive sensilla, and a ganglion
located at the VIII abdominal segment. The & intromittent organ is a curved, sclerotised
aedeagus that ends in a distal penis head. This latter structure bears 2 lateral appendages
which are covered by recurved spines. A construction of the fertilisation and copulatory
events is proposed based on descriptive and experimental evidence in other zygopterans
as well as in this species. The female genital anatomy suggests fertilisation occurs in the
manner proposed for other odonates. Experimental evidence shown in this work suggests
that, during fertilisation, the egg stimulates the mechanoreceptive sensilla and elicits
contractile activity of the muscles that surround the sperm storage organs (SSOs). The
contractile activity is likely to be mediated by the VIII abdominal segment ganglion. As a
consequence of the muscular contractions, the SSOs eject sperm which arrive to the site
where the egg is and fertilise it. During copulation, the aedeagus “imitates” the presence
of an egg in the vaginal plates and stimulates the mechanoreceptive sensilla inducing
spermathecal sperm ejection. It is likely that spermathecal sperm is ejected to the bursa
copulatrix where it is removed by the penis head and lateral appendages. After this sperm
displacement process, the copulating male’s sperm, stored in the seminal vesicle, is
transferred, through a canal-like passage, by the aedeagus to the SSOs. Since @ @ exhibit
a considerable intra- and inter-individual variation in sensillum distribution and number
on the plates, it is discussed whether this may have an adaptive significance in terms of
retaining more control over stored sperm for ¢ ¢ during & stimulation.
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INTRODUCTION

Insect genitalia are highly diverse and complex (EBERHARD, 1985). The knowledge
we have of their morphology and related function varies depending on the insect order.
The morphology and function of the male and female genitalia in Odonata are, compared
to other insect orders, well documented, in part due to the simplicity of the genitalic
apparatus as well as the opportunity that this group offers for observing copulatory
events.

In Zygoptera, the major female structures, in terms of copulation and fertilisation,
are the vagina, the mechanoreceptive sensilla embedded in the vaginal tract, and the
sperm storage organs (SSOs; generally, the bursa copulatrix and the spermatheca; e.g.
MILLER, 1987, ANDREW & THEMBARE, 1996; LINDEBOOM, 1998). These
structures are located in the VIII and IX abdominal segments and are involved in
copulation as well as fertilisation (MILLER, 1987). The male intromittent organ consists
of an aedeagus which is a sclerotised and curved structure with a distinct head attached
to its distal end (e.g. SRIVASTAVA & SRIVASTAVA, 1986, 1987; ADAMS &
HERMAN, 1991; LINDEBOOM, 1998).

Some aspects of the copulatory function of the genitalia of Calopteryx
haemorrhoidalis, previously known as C. haemorrhoidalis asturica by OCHARAN
(1983) but later corroborated as C. haemorrhoidalis by MAIBACH (1985, 1986) from
northern Spain are relatively well known (CORDOBA-AGUILAR, 1999a, 1999b). In
this species, and similar to other Calopterygidae (e.g. WAAGE, 1979), males displace
both bursal and spermathecal sperm which is followed by sperm transfer (CORDOBA-
-AGUILAR, 1999a). The mechanism of spermathecal sperm displacement is based on
the stimulation of the female sensory physiology: during copulation, the aedeagus
stimulates the vaginal mechanoreceptive sensilla which control spermathecal sperm
ejection (CORDOBA-AGUILAR, 1999a, 1999b). Since the male stimulatory
mechanism relies on the female structures utilised for fertilisation (to induce sperm
ejection, the egg also stimulates the mechanoreceptive sensilla; MILLER, 1987), it has
been postulated that the male stimulatory ability has “exploited” a female sensory
“bias” (C()RDOBA-AGUILAR, 1999a). However, it has been an assumption that the
fertilisation process in C. haemorrhoidalis takes place in the manner proposed for
other zygopterans (e.g. MILLER, 1987). My aim in this study of C. haemorrhoidalis is
twofold: (a) to describe the anatomy of male and female genitalia; and, (b) to provide
amore complete view of the function of the genitalia during fertilisation and copulation
in relation to the knowledge that has been gathered in this as well as other studies in
Zygoptera.

METHODS

Adults of both sexes were collected from a population located in Pontevedra, SW Spain (for a detailed
description of this site see CORDOBA-AGUILAR, 2000) in summer 1996, 1997 and 1998.
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HISTOLOGICAL AND GROSS ANATOMICAL STUDY. — The VIII and IX abdominal segments
of females were placed into Bouin’s fixative (BANCROFT & STEVENS, 1990) overnight. Samples were
then dehydrated by placing them in increasing alcohol concentrations (70, 95 and 100%) over 30-60 min
periods, and then left in xylene for one hour. After this, samples were embedded in molten wax (Paraplast
Plus, melting point 56°C). Transversal and longitudinal sections (10m thickness) were obtained using a
rotary microtome. These were stained using haemotoxylin and eosin as described by HOOPER (1994).
Scanning electron micrographs of the female vagina were obtained by preserving samples in 70% alcohol,
air-dried, sputtered in gold, mounted on holders and examined under a JEOL JSM-35 scanning electron
microscope (SEM).

For the gross anatomical work, male and female structures that were preserved in 70% ethanol were
rehydrated, dissected and examined under a stereo microscope (Wild Heerbrugg).

OBSERVATION OF DISSECTED IN VIVO ANIMALS. — This was carried out to gain some knowledge
of the nature of the fertilisation process. During odonate fertilisation, the egg passes in between the vaginal
plates where fertilisation takes place (MILLER, 1987; SIVA-JOTHY, 1987). In Ischnura elegans, MILLER
(1987) showed that the egg stimulates the vaginal mechanoreceptive sensilla to induce muscular contractions
of the SSOs. It was investigated whether a similar mechanism might occur in C. haemorrhoidalis. ] measured
the contractile activity of the SSOs during a simulated passing of the egg from the vagina to the outside.
Under a dissecting microscope, an incission was made in the 8™ and 9™ tergites to uncover the SSOs of 10
females that were in saline water. With this procedure, I was able to see the contractile activity of the SSOs
as well as the manipulated egg. The manipulation consisted of introducing a “clean” egg (obtained from
the ovary of another female), using a pair of fine scissors, from the outside through the ovipositor blades.
This was produced via gentle in-and-out movements of the egg at the level of the vaginal plates. The
contractile activity of the spermatheca and the bursa copulatrix was measured as the number of undulating
movements per minute at two stages: (a) before the introduction of the egg; and, (b) during the egg
manipulation. Since the spermatheca is a T-shaped structure (see below) and each duct of this organ seems
to be under control of its corresponding vaginal plate (CORDOBA-AGUILAR, 1999b), the contractile
activity was divided for each duct. At the end of the manipulation, the egg was inspected to look for
attached sperm on its surface. Finally, and using these females, it was also investigated whether there was
a relation between the number of sensilla for each vaginal plate and the contractile activity of each
spermathecal duct.

Volume (in mm®) of sperm was measured as indicated by CORDOBA-AGUILAR (1999b). Dimensional
measurements were made with Optimas® image analysis software (version 6.1) viaa CCD camera attached
to a compound microscope (Leitz Diaplan). Dimensions are given in mm. Means + standard deviations are
provided.

FEMALE INTERNAL GENITALIA
Figure 1

THE BURSA COPULATRIX (hereafter bursa). — This organ is a spherical, sac-like
structure connected ventrally to the vagina and, posteriorly, to another SSO, the
spermathecae. The bursa is the largest organ in the anterior part of the VIII segment. In
virgin females, the bursa is transparent and flattened but it is highly visible in mated
females because of the sperm it contains (diameter in sperm-carrying individuals, 0.905
+0.045 mm, N = 16).

Histological examination of the bursa revealed a simple columnar epithelium overlying
the cuticular lining of the organ. Overlying this epithelium are a series of muscle fibres.

THE SPERMATHECA. — This is a T-shaped SSO which is attached ventrally to the
bursa via a narrow (diameter, 0.059 + 0.019 mm; N = 10) duct. The spermathecae
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appear flattened in virgin ~ Anterior Postetior
individuals. In sperm- Spermathecae

-containing spermathe-
cae, both ducts are highly

visible and have a similar T

diameter (right duct, Vaginal plate
0.056 = 0.003; left duct, AL
0.057 £ 0.005 mm; N = sensilla

16, paired t-test = -1.31,
P = 0.21), length (right
duct, 1.1 + 0.001; left
duct, 1.1 + 0.001 mm;

same set of data, paired /
t-test = -0.39, P = 0.7)
and sperm volume (right
duct, 0.61 £ 0.08; left YT

duct, 0.62 + 0.08; same Fig. 1. Lateral stylised view of the female genitalia. [Bar = 0.5 mm].
set of data, paired t-test

=-0.26, P=0.8).

Histological examination of the spermathecae revealed simple columnar epithelium.
A series of longitudinal muscle fibres can be seen over the epithelial layer.

VAGINA. — Ventral to the bursa is the tubular vagina which is a long, cylindrical,
cuticle-lined chamber that underlies the gut and runs anterior-posteriorly. Anteriorly,
the vagina is connected to the common median oviduct, dorsally to the bursa, and
posteriorly it opens into the gonopore, bordered by the ovipositor valves.

Embedded in the endo-cuticle lining of the vagina are two longitudinally-arranged
*“vaginal plates” (Fig. 2). This pair of sclerotised structures bears a number of “holes”
in its constituent cuticle (Fig. 3). The form of these “holes” corresponds closely to the
vaginal mechanoreceptive sensilla described by SIVA-JOTHY (1987) for other

Common median oviduct

Lateral oviducts

Figs 2-3. Vaginal plates: (2) lateral vaginal plates; the clear “holes™ are the mechanoreceptive sensilla.
[Bars = 0.5 mm)]; 1 (3) terminal surface of a vaginal plate showing the dome of the cuticle over the “holes”,
typical of campaniform sensilla. {Bars = 1ym].
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odonates. When examined under SEM, these “holes” showed the characteristic dome-
shaped cap of a campaniform sensillum. There was considerable variation in the number
of “holes” (i.e. sensilla) in both plates (52.4 + 9.9, min-max = 29-69; N = 27). Closer
examination revealed four types of “hole” variation: (a) some females had more holes
on the left vaginal plate (N = 16); — (b) some females had more on the right vaginal
plate (N = 5); — (c) some had a symmetrical distribution (N = 6); these three types of
variation differed from a random distribution (chi squared test x*=8.1,d.f.=2,P <
0.05); — and, (d) although not measured, there was an inter- and intra-individual (right
vs. left vaginal plate) variation in hole distribution (e.g. some females with a scattered
distribution of holes on the plates while others having an aggregated distribution).

THE VIII ABDOMINAL GANGLION. — This is dorsal to the vaginal plates. It is an oval
structure which receives nerve fibres from the vaginal plates. Some nerves leave the
ganglion and attach to the musculature associated to the outermost layers of the
spermathecae and the bursa. These nerves can be clearly distinguished since they look
black (in contrast with the white background) in dissected specimens.

MALE INTROMITTENT ORGAN
Figure 4

Two cuticular plates - the anterior lamina - cover the posterior part of the aedeagus.
The aedeagus is a curved, sclerotised structure (length from the site of attachment of
penis head to the site of attachment
to posterior frame 1.423 + 0.049
mm, N = 70; see Fig. 5). It is
connected proximately toa flexible ~ Acdasus
frame - the posterior hamule - and
a glandular sac. An inflatable
membrane runs ventrally to the
aedeagus. Although not measured,
the membrane of males interrupted
during copulation appeared
inflated when compared with that

of solitary individuals. Distally, the . ) o )
aedeagus bears the peni s head (Fi g Flg: ; Veptra] plan view of the male gemtaha.(shadowed is

> . . the intromittent organ). Numbers refer to abdominal segments.
6). The penis head ends in two

lateral horn-like appendages of similar size (width of the middle region of the right
appendage, 0.073 + 0.007; width of the left appendage, 0.072 £ 0.007; N = 16, paired
t-test = 1.61, P = 0.13) and length (right appendage, 1.198 + 0.011; left appendage,
1.202 £ 0.007; N = 16, paired t-test = -0.99, P = (.34) which are covered in recurved
spines.

Anterior to the intromittent organ, on the Il abdominal segment, is the seminal
vesicle, a flask-like structure which stores sperm prior to ejaculation.

Anterior lamina

Penis lateral appendage

Seminal vesicle Penis head
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ACTIVITY OF THE SPERMATHECA PREVIOUS TO AND DURING EGG STIMULATION

Before egg insertion, the spermathecal ducts showed contractile activity (number
per minute: right duct, 10.1 + 10.6; left duct, 12.4 + 11.4; N = 10 individuals) which
significantly increased during egg manipulation (right duct, 60.3 + 12.2; left duct, 59.1
+ 15.0; paired t-test using log transformed data: for right duct = -6.89, for left duct =
-7.87; both P < 0.0001). When the inserted eggs were checked, they had a number of
spermatozoa attached to their surface.

Using only those females with an asymmetrical number of sensillum (9 out of 10),
the undulating movements were higher for those ducts whose corresponding vaginal
plate had more sensilla (Tab. I; Fisher exact test, P = 0.01).

Table 1
Relationship between the proportion of contractile movements for each duct and the number of sensillum
on each vaginal plate in asymmetrical females (females with biased sensillum distribution)

Activity Proportion of sensilla on each vaginal plate

Biased contractile activity on spermathecal ducts Left-biased Right-biased

Left duct with more contractions 6 0

Right duct with more contractions 0 3
DISCUSSION

The genitalic anatomy described here is very similar to that of other
calopterygid species (see, for example, PFAU, 1971; WAAGE, 1979; SIVA-JOTHY
& TSUBAKI, 1989; ADAMS & HERMAN, 1991; LINDEBOOM, 1998). Due to the
anatomical similarities with species whose copulatory and fertilisation mechanisms
have been documented (e.g. Ischnura elegans, MILLER, 1987), I will construct a
hypothetical sequence of events that is likely to occur during fertilisation and copulation

in C. haemorrhoidalis.

Site of attachment Aedeagus
of penis head

.

FERTILISATION

Fertilisation takes place when
the sensilla present in the
vaginal plates detect an egg in
the vagina (MILLER, 1987; for

a similar process in Anisoptera
\ see SIVA-JOTHY, 1987).
MILLER (1987) suggested that

during fertilisation the egg
Fig. 5. Lateral view of a dissected aedeagus. [Bar = 0.5 mm]. stimulates the Campaniform

Membrarie g

Site of attachment to posterior frame
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sensilla present in the vaginal plates. Lateral
Campaniform sensilla detect deformations of appendage
the cuticle in which they are imbedded .

(BARTH, 1981; McIVER, 1985). The sensilla
would send, via the VIII abdominal ganglion,
a stimulus to the muscles that cover the SSOs.
These muscles would contract and release the
sperm stored in the SSOs (MILLER, 1987).
Both, the contractions of the SSOs and the
motility of the sperm could enable sperm to
reach and fertilise the egg (MILLER, 1987).
The sperm penetrates the egg through the
micropyle.

In C. haemorrhoidalis females, the
components involved in the process of Fig. 6. Plan view of a dissected and extended
fertilisation postulated by MILLER (1987) are  Penis head and its lateral appendages. [Bar =

. . . 0.5 mm].

also present: the vaginal plates with their

“holes” (sensilla); the VIII abdominal ganglion and the muscles covering the SSOs.
Moreover, a nervous connection was detected between the sensilla, the ganglion and
the SSO muscles. The egg manipulation results suggest that the egg induces the
contractile movements of the spermatheca. This was supported by the observation of
attached sperm on the egg’s surface. Therefore, according to the information provided
here, there is no reason to suppose that the mechanism of fertilisation proposed by
MILLER (1987) should not operate in C. haemorrhoidalis.

attachment
to aedeagus

COPULATION

During copulation, two processes take place sequentially in zygopterans: the removal
of rival sperm and the transfer of sperm from the copulating male to the female vagina
(e.2. WAAGE, 1979; SIVA-JOTHY & TSUBAKI, 1989; LINDEBOOM, 1998).

The male aedeagus and the penis head enter in the vagina and SSOs (e.g. WAAGE,
1979; MILLER, 1987, CORDERO & MILLER, 1992). In Zygoptera, it has been
suggested that the aedeagal membrane inflates as the penis head is extended into the
SSOs (MILLER, 1987). Once the penis head has extended, the male’s abdominal
flexions help the male genitalia to move in and out of the female genital tract. These in
and out movements manipulate the rival sperm present in the female’s SSOs: the stored
sperm are trapped on pointing spines of the penis head and are removed (WAAGE,
1979; MILLER & MILLER, 1981; MILLER, 1987; SIVA-JOTHY & TSUBAKI,
1989; CORDERO & MILLER, 1992; CORDEROetal., 1995; SAWADA, 1995; SIVA-
JOTHY & HOOPER, 1995; LINDEBOOM, 1998). In C. haemorrhoidalis, it has been
shown that the penis head and lateral appendages enter the bursa copulatrix and
physically displace the sperm stored in this site (CORDOBA-AGUILAR, 19992, 1999b).
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Spermathecal sperm is also displaced but, unlike other calopterygids (e.g. C. maculata,
WAAGE, 1979), the mechanism is not physical: the aedeagus, via the in and out
copulatory abdominal flexions that help the penis head to directly remove sperm, also
stimulate the mechanoreceptive sensilla embedded in the vaginal plates (CORDOBA-
-AGUILAR, 1999a). Since the sensilla coordinate spermathecal sperm ejection during
fertilisation, the aedeagal stimulation results in spermathecal sperm displacement. My
egg manipulation results suggest that those spermathecal ducts with a higher number
of sensilla on their corresponding plate had more contractile activity. This means that,
in asymmetrical females and during aedeagal stimulation, one spermathecal duct might
consistently release more sperm. This is in agreement with the observed patterns of
unequal volumes of stored sperm in both spermathecal ducts after aedeagal stimulation
(CORDOBA-AGUILAR, 1999a).

After the aedeagal stimulation, is likely that the sperm moves to the bursa from
which is physically removed by the penis head and lateral appendages.

Once the removal of rival sperm has finished, the copulating male’s sperm is
transferred from the seminal vesicle to the aedeagus (via compression of the vesicle
caused by the close contact of the male and female genitalia, WAAGE, 1979,
SRIVASTAVA & SRIVASTAVA, 1986; MILLER, 1987). The aedeagal inflatable
membrane forms a canal-like passage which allows the copulating male’s sperm to
travel to the bursa and/or spermatheca where it is stored (MILLER & MILLER, 1981;
MILLER, 1987). The filling of sperm is similar in volume for spermathecal ducts as in
solitary individuals (this work) and in recently-copulated ones (CORDOBA-AGUILAR,
1999a), volumes do not differ.

VARIATION IN THE NUMBER OF SENSILLA

Interestingly, the sensilla in the vaginal plates of C. haemorrhoidalis are distributed
non-randomly. SIVA-JOTHY (1987a) detected a variation in sensillum size (in cap
diameter) in female dragonflies, and proposed that this variation could serve to provide
more precise information, through differences in stimulus intensity, about the position
of the egg in the vagina during fertilisation. It is unlikely that the asymmetric disposition
of sensilla in both vaginal plates serves a similar function in C. haemorrhoidalis. Why
most females show a bias in sensilla to their left hand vaginal plate or/and, in general,
are asymmetrical in distribution is unclear. One possible function is that asymmetrical
females may retain more control over stored spermathecal sperm during sperm
displacement. The logic of this hypothesis is that those females with fewer sensilla on
one vaginal plate would keep more stored sperm in the corresponding spermatheca at
the end of the stimulatory process (CORDOBA-AGUILAR, 1999b). One way this can
be proved is investigating whether asymmetrical females gain any benefit of retaining
sperm compared to symmetrical females.



Form and function of genitalia in Calopteryx haemorrhoidalis 213

ACKNOWLEDGEMENTS

To M. T. SIVA-JOTHY for his direction. A. CORDERO and J. ANDRES generously provided all
types of support during field work. S. GORB kindly helped with the SEM. Thanks to M. SEGURA
ALMARAZ for photographic advice. The permission for the collection of animals was obtained from the
Direccién General de Medio Ambiente (Junta de Galicia). This work was financed by the Consejo Nacional
de Ciencia y Tecnologia (México), the British Council and the Secretaria de Educacién Publica (Fondo
FOMES).

REFERENCES

ADAMS, J.A. & T.B. HERMAN, 1991. A comparison of the male genitalia of three Calopteryx species
(Odonata: Calopterygidae). Can. J. Zool. 69: 1164-1170.

ANDREW, R.J. & D.B. TEMBHARE, 1996. The post-ovarian genital complex in the damselfly Ischnura
aurora aurora (Brauer) (Insecta: Odonata). J. Adv. Zool. 17: 93-97.

BANCROFT, J.D. & A. STEVENS, 1990. Theory and practice of histological techniques. Livingston,
Avon.

BARTH, F., 1981. Strain detection in the arthropod exoskeleton. In: M.S. Laverack & D.J. Losens, [Eds],
Sense organs, pp. 112-141. Blackie, London

CORDERO, A. & P.L. MILLER, 1992. Sperm transfer, displacement and precedence in Ischnura graellsii
(Odonata: Coenagrionidae). Behav. Ecol. Sociobiol. 30: 261-267.

CORDERO, A., S. SANTOLAMAZZA-CARBONE & C. UTZERI, 1995. Male disturbance, repeated
insemination and sperm competition in the damselfly Coenagrion scitulum (Zygoptera:
Coenagrionidae). Anim. Behav. 49: 437-449.

CORDOBA-AGUILAR, A., 1999a. Male copulatory sensory stimulation induces female ejection of rival
sperm in a damselfly. Proc. R. Soc. Lond. (B) 266: 779-784.

CORDOBA-AGUILAR, A., 1999b. Copulation and the evolution of genital morphology in the damselfly
Calopteryx haemorrhoidalis asturica. PhD Thesis, Univ. Sheffield.

CORDOBA-AGUILAR, A., 2000. Reproductive behaviour of the territorial damselfly Calopteryx
haemorrhoidalis asturica (Zygoptera: Calopterygidae). Odonatologica 29: 295-305.

EBERHARD, W.G., 1985. Sexual selection and animal genitalia. Harvard Univ. Press, Harvard.

HOOPER, R.E., 1994. Sexual selection in a damselfly: female perspectives. PhD Thesis, Univ. Sheffield.

LINDEBOOM, M., 1998. Post-copulatory behaviour in Calopteryx females (Insecta, Odonata,
Calopterygidae). Int. J. Odonatology 1: 175-184.

MAIBACH, A., 1985. Révision systématique du genre Calopteryx Leach (Odonata, Zygoptera) pour
I’Europe occidentale. 1. Analyses biochimiques. Mitt. schweiz. ent. Ges. 58: 477-492.

MAIBACH, A., 1986. Révision systématique du genre Calopteryx Leach (Odonata, Zygoptera) pour
I’Europe occidentale. 2. Analyses morphologiques et synthese. Mitt. schweiz. ent. Ges. 59: 389-
-406. .

Mc IVER, M.E,, 1985. Mechanoreception. In: Comprehensive insect physiology, biochemistry and
pharmacology, pp. 71-133. Pergamon Press, Oxford.

MILLER, P.L., 1987. An examination of the prolonged copulations of Ischnura elegans (Vander Linden)
(Zygoptera: Coenagrionidae). Odonatologica 16: 37-56.

MILLER, P.L. & C.A. MILLER, 1981. Field observations on copulatory behaviour in Zygoptera, with an
examination of the structure and activity of male genitalia. Odonatologica 10: 210-218.

OCHARAN, F.J., 1983. Calopteryx haemorrhoidalis asturica, nueva subespecie de caballito del diablo del
norte de Espafia (Odonata: Zygoptera). Bol. Cien. Nat. I. D. E. A. 31: 3-10.

PFAU, HK., 1971. Struktur und Funktion des sekundiren Kopulations apparates der Odonaten (Insecta:
Palaeoptera), ihren Wandlung in der Stammesgeschichte und Bedeutung fur die adaptive Entfaltung



214 A. Cérdoba-Aguilar

der Ordnung. Z. Morph. Tiere. 70: 281-371.

SAWADA, K., 1995. Male’s ability of sperm displacement during prolonged copulations in Ischnura
senegalensis (Rambur) (Zygoptera: Coenagrionidae). Odonatologica 24: 237-244.

SIVA-JOTHY, M.T., 1987. The structure and function of the female sperm storage organs in libellulid
dragonflies. J. Insect Physiol. 33: 559-567.

SIVA-JOTHY, M.T. & R.E. HOOPER, 1995. The disposition and genetic diversity of stored sperm in
females of the damselfly Calopteryx splendens xanthostoma (Charpentier). Proc. R. Soc. Lond.
(B) 259: 313-318.

SIVA-JOTHY, M.T. & Y. TSUBAKI, 1989. Variation in copulation duration in Mnais pruinosa Selys
(Odonata: Calopterygidae). 1. Alternative mate-securing tactics and sperm precedence. Behav.
Ecol. Sociobiol. 24: 39-45.

SRIVASTAVA, V.K. & B.K. SRIVASTAVA, 1986. Morphology of the male reproductive organs of
Enallagma parvum Selys (Zygoptera: Odonata). Proc. natn. Acad. Sci. India 56: 13-19.

SRIVASTAVA, V.K. & B.K. SRIVASTAVA, 1987. Male internal genital organs of the damselfly
Pseudagrion rubriceps Selys (Odonata: Zygoptera). Folia morphol. 35: 265-270.

WAAGE, J. K., 1979. Dual function of the damselfly penis: sperm removal and transfer. Science, Wash.
203: 916-918.



