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CHAPTER I
INTRODUCTION

The sequence of events in the reproductive behavior of zygopterans
is the same for many, if not all, species (Buchholz, 1956; Ba.rra, 1963;
Heymer, 1966; Bick and Bick, 1961, 1963, and 1965a; Bick and Sulzbach,
1966; Bick and Hornuff, 1965 and 1966), The behavioral sequences are
- as follows:

(1) the arrival of single males at water, the mating site, usually
during late morning, and the establishment and maintanance of terri-
tories associated with suitable perches at or near the land-water
interface.

(2) the females arrive at water at midday and are immediately
seized by males, Abrief tandem flight follows the capture of the
female by the male, usually away from water to a suitable perch well
above the ground as illustrated in Figi;re 1. \

(3) sperm translocation, or the transferring of sperm by the male
from his gonopore on the ventral surface of his ninth abdominal segment
to his penis vesicle attached to the posterior end of his second abdom-
inal segment (Figure 2),

(4) copulation (Figure 3) immediately rfollows sperm translocation
and lasts for a varying time interval relative to the particular
speciles.

(5) endophytic oviposition follows copulation and is usually in

1



Figure 1: Reproductive position, Tandem.




Figure 2: Reproductive position, Sperm Translocation,




Figure 3: Reproductive positlion, Copulatory Wheel,




5
tandem. The length of time a.nd. site of oviposition vary with the
Species. At the completion of oviposition a second attempt at copula-
tion with the female by the same or a different male may be initié.t‘ed,
but, most often, is mqsuccessi‘ulAbeaca.use, of the completely passivé or
actively uncoopsrative reaction of the female,

(6) breaking of tandem and the immediate leaving of the reproduce
tive site by the female.” The male attempts to re-establish a territory
and mate again if a new female is available, The length of time of the
‘ complete sequence and the number of other males present at the mating
site usually precludes a second mating by the malse, |

The object of this study was to better explain sperm translocation
with descriptions of the nature of the materisl transferred and the
spermatozoa, The time and mechanism of sperm translocation by the male
“are of interest because they are distinctive in this Order of insects,
Speaking of the Aniéoptera, which show homologies with the Zygoptera,
Tillyard (1917) stated: "The copulatery apparatus of the male Dragonfly
is one of the most remarksble structures in the Animal Kingdam, The
"pappal organ! on tho pedipalp of the male Spider, and the hectocotylous
arm of the Cephalopod Molluse, extfaordinary as they are, do not defy
all explanation, since in each case they are modifications of an ap-
pendage already present., But the apparatus of the male Dragonfly is
not homologous with any known organ in the Animal Kingdem; it is not
derived from any pre-existing organ; and its origin, therefore, is as
complete a mystery as it well could be," Litile is known concerning the
mechanism of translocation or the nature of the material transferred
by the male, Various accounts in the literature (Alexander, 1964;

Davey, 1960 and 1965; Hinton, 1964; Brinck, 1958; Khalifa, 1949;
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Whedon, 1919; and Tillyard, 1917) refer to this mé.‘beria.l as the sperm
masé, sperm capsule, or spermatophore, The la.tter. term is most widely
used, but there is no clear description as to what constitutes a
spemaf;ophore. The broad.definitim of this term, as used in the present
study, is: "a packet, capsule, or mass which contains spermatozoa."

This study also describes the mechanism of "hooking-up" of the
male and female during copulation, helping to clarify the role of the
complex genital appendages. Most reports are based upon the morphology
of the external genitalia and a comparison with the similé,r structures
in the Anisoptera, but there are a number of notable differences in
the morphology of the two groupd, even though they are considered to
be homologous., In his desceriptions of differences between the damsel-
flies and dragonflies, Tillyard (1917) noted ‘that the penis of the
damselfly is not at all attached to the penis vesicle, as it is in the
draganfly, but its lumen is continuous with the general body cavity,
and, also, unlike the dragonflies, there is no extermal opening through
which sperm might pass during impregnation of the female, The penis
also apparently lacks muscles, nerves and trachese in the damselflies,
Walker (1953) noted that the penils is separated from the vesicle and
stated: "It is not known how the penis functions in conveying the sperm
capsules to the femals genital aperture.,” Kennedy (1917) described the
penis as the only organ which serves to hold the male and female of

Ischnur: cervula together during copulation.




CHAPTER IT
METHODS

Results are based upon field observations of zygopterans at a
number of ponds, lakes and streams in southern Oklahoma in the vicinity
of the University of Oklahoma Biological Station at Willis, Oklahoma
and in central Oklahoma in the vicinity of Ceﬁtral State College at
Edmond, Oklahama. Additional observatiané wera madé at other localities
in Oklahoma, Louisiana, and Indiana,

Secected individuals were collected at these sites and returned to

the laboratory for additional observations, dissection and study.



CHAPTER IIT
RESULTS AND DISCUSSION

-Male External Genitalia

In zygoptera the gonopore of the male is located on the ventral
surface of the ninth abdominal segment, covered by a pair of genital
valves, The copuldtery organs, however, ‘are located in a genital groove
or fenestrs along the ventral surface of the second abdaminal segment
and the anterior portion of the third, and consist of a complex array
of structures, Figure 4. Descriptions of the genitalia of Anisoptera
havebeen given by Tillyard (1917), Borror (1942), Fraser (1940 and
1956), Gardner (1956), Walker (1953) and Ponnawalla (1966) with brief
mention of a fow of the similiarities to the Zygoptera. The following
description of the copulatory mechanism of the male Argia mcesta will
serve for all damselflies,

The lateral borders of the genital groove are the ventro~lateral
margins of the second abdominal tergite. Attached to this tergite,
along its anterior half, by means of a membranous connection, is a
"I¥oshaped sclerite, the anterior lamina, which forms a veﬁtral shelf
for this part of the groove., The bend of the "U" is continuous with
the intersegmental membrane of the first and second segments. The arms
of the "U" are notched on their medial margins at a point a third of
the distance from the anterlior ends, At these grooves there are mem-

branous hinges in the lamina, dividing it into an anterior and two
8
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showing the male external genitalia.



smailer posterior regions.

In the posterior portion of the genital groove and overlapping the
anterior part of segment three is a sac, the penis vesicle, which
serves as a storage place for the spefh material from the testes. The
"vesicle is attached to the roof of the fenestra near the posterior end
of the second segment byAa very narrow membranous connection, as illus-
trated in Figure 6. Two sclerites located along the ventro-lateral’
regions of the vesicle are the sole supports of the saé and the membrane
between them allows the vesicle to be distended when filled. Ventrally
at the anterior end is a slit-like openiﬂg from the caviﬁy of the sac
to the outside through which the sperm materlial passes.

Attached to the roof of the fenestra near its middle and extending
anteriorly to the first segment is the membranous ligula, the lamina
batilliformis of Poonawalla (1966), It is concave posteriorly and
serves as a sheath for the penis., The penis; unlike that of the aniso-
pterans, is not attached to the penis vesicle, but is connected to the
roof of the genital groove immediately posterior to the ligula and is
supported by two transverse sclerotized extensions of the main body of
the penis imbedded in the body wall. The body of the penis is the most
praminent of the external genitalia, At the distal end is the mem-
brszaous glans penis, supported by sclerites that are hinged to the
main stalic. Basally the glans and its supports are broad and strongly
recurved, ventrally. A groove can be seen in this portion of the glans
alang its ventrally directed dorsal surface. The terminus of the glans
is greatly prolanged into a pair of filamentous extensions, The penis
lacks an opening to the outside. Its lumen commmicated directly with

the general abdominal cavity. Tillyard (1917) stated that the penis
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lacks nerves, muscles and tracheae. Its action, therefore,- mast be
under the control of changes in the bloed pressurs in the abdomen,
Normally the penis at rest lies within the fenestra with its dis£a1
glans dorsal to the anterior end of the penis vesicle, During copulation
- it is exserted ventrally.,

Along the central margins of the ‘genital groove are membranous
ridges bearing on each side a pair of projections, the anterior and the

posterior hamules, which are directed medially and anteriorly,

Female External Genitalia

The following description of the terminal abdominal appendages of
Lestes unguiculatus will serve for all damselflies. The female external

genitalia are located an the ventral surface of the eighth and ninth
abdominal segments, Figure 5. In thé zygoptera these organs serve a
dual function. The female uses them to pierce vegetaﬁion during endo-
phutic oviposition, for which they are well adapted, Observations of
these structures during copulation showed that they also functioned as

a means by which the female ninth abdaminal segment and the male second
abdominal segment were held together during copulation, and together
with the male organs form the passageway. by which sperm material is
conducted from the male to the female, Tillyard (1917) and Walker (1953)
described the female organs, but differed as to terminology, The ter~ -
minology of Tillyard is employed,

The tel;ebra consists of two pairs of medially located and pos-
teriorly directed, pointed processes, the gonapophyses, which compose
the ovipositor, ﬁ‘)w anterior pair, the anterior gonapophyses, &are
grooved posteriorly and are attached f.o the posterior margin of the



12

Flgure 5: Terminal abdominal appendages of Lestes
unguiculatus, lateral view. (as -~ as-
sessory gland; b - bursa; ga - anterior
gonapophyses; gl - lateral gonapophyses;
gnm - medial gonapophyses; st - stylus;
t - terebra; v - vagina; vg - gonopore)
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eighth abdominal segment. The posterior pair, the median gonapophyses
(the posterior gonapophyses of Walker, 1953) are also grooved and at-~‘
tached medially to the anterior end of the ninth abdominal segment
immediately posterior to the anterior pair in the grooves of which the
posterior processes are fitted, A third pair of processes, the lateral
gonapophyses or genital valves, are flaps attached along the latéral
margins of the ninth stermum, extending pdsteriorly beneath the tenth
segment, and each terminating in a hard, black stylus. These at rest
form a ventral covering beneath the derebra, which is normally retracted
within the ventral groove of the nintﬁ-&bdaminal segment, During cop-

ulation and oviposition the terebra is extended from the groove.

'Sperm translocation

Same authors refer to sperm transfer as the process by which the
male impregnates the female. Others use this term to describe the means
by which the male transfers sperm from the gonopore om the venter of the
ninth abdominal segment into the penis vesicle on the venter of the
second and third abdominal segments prior to copulation. In this study
sperm translocation is used to describe the latter filling of the penis
vesicie.

Buchholtz (1956) reported that she believed sperm translocation had
occured prior to the capture of the female in about ?75% of the males,
the remainder after capture, and described a.stage in the copulatory
behavior during which, "the male flexes his abdomen ventrally so as to
make the female's head and antennae touch his aceessory genitalia," I

have never seen such cantact, but the description fits exactly the event
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of sperm translocation as had been observed often in the field. Robert
(1958) described a similar occurrance in which "the male bends his abe
domen without loosening the female and touches many times the ventral
surface of his second abdominal segment with that of the ninth segment."
This is also undoubtedly sperm translocation,

Corbet (1963) stated that it is not kmown whether copulation
occurs only once with a single translocation of sperm by the male.
Bick and Bick (1963 and 1965b) are convinced that, necessary or not,
sperm translocation occurs prior to each cophla.tionAin Zygoptefé. I
have very often observed sperm translocation in the following: Lestes

unguiculatus (Bick and Hormuff, 1965), Enellagma aspersum and E. oX=

sulans (Bick and Horhuff, 1966), E. civile, E, ebrium, Ischnura verti-

calis, Argia apicalis, A, violacea, and A, immunda. In every case

where I noted initial seizure, sperm translocation prededed copulation.
During this study I observed sperm translocation in E. civile 27 times
during four hours of observations split between two consecutive days.
‘In every instance it occurred in tandem with the female after initial
seizure and was followed irmediately by coﬁulatian.

In many species thers was often a second attempt at copulation
with a female that had just completed oviposition., These secand
attempts were usually brief and most often unsuccessful (Bick and
Bick, 1963 and 1965a; and Bick and Hornuff, 1966). A second attempt
at sperm translocation has not been reported.

In order to determine the necessity of sperm translocation prior
to copulation, I collected 207 single males which are listed in Table
I and represent 14 spascies of 7 genera, All were perched at or near

water, the mating site, ' These were all at the stage prior to the be
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TABLE 1,-Location of Sperm Material during the Reproductive Sequences.
(p.v. - penis vesicle; S.T. - sperm translocation; Cop, -
copulation; Ovi, - oviposition; gona. = gonapophyses;
(+#) - full structure; (=) - empty structure)

SEQUENCE
SPECIES 'Single & P.v.!S.T. & pP.vi*Cop, & P.v.'Ovi, ¢ p.v.'? gona.
o + - + - + - + - + -
Enallagma ‘
eivile - 2% 38%* 27 0 50 5 0 W 5 17
basidens 0 i4 - - 4 0 0 8 1 1
Argla
sedula 0 11 - - - - 0 39 - -
plana .0 8 0 1 6 0 0 18 0 3
immunda 0 12 - - 5 0 1* 7*%*x 0 3
mossta 0 36 - - 3 1 0 16 0 4
aplecalis 0 12 - - - - 0 8 - -
nahuana 0 20 - - 2 0 - - 1 1
violacea 0 11 - - - - - - 2 1
Ischnura

verticalis 0 12 - - - - - e e o

Hetaerina
americana 0 24 i 0 7 0 1% Lux o -

Calopteryx.
maculatum 0 4 - - - - - - - -

Lestes
dis junctus 0 3 - - - - - - - -

Archilestes

TOTAL : .
All species 2% 207%% 28 1 78 7 2% 136** 9 30

* o Individuals only half full,

** . Includes a number of half empty individuals equivlaent to the
number of half full individuals,
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'gining of mating. The penis vesicles of all were opened and their con-
tents noted, In all (except 2 individuals of E. civile) f.he vesicles
were empty. In the vesicles of these two individualsmasses of sperm
mé.terial were found (verified by microscopic examination) equivalent
to less than half of the capacity of the vesicle. These could have
resulted from incomplete or unsuccessful copulation.

Twant}y-hine males were collected immediately following sperm
translocation, while still in tandem mth females, but prior to the

begining of copulation, including 27 individuals of E. civile and one

each of Argia plana and Hetaerina americana. In all (except A Plana)
dissection and microscopic examination of the contents of the | penis
vesicle revealed a mass of sperm material filling the vesicle to the
point of distention.

Randam collection of 84 males during copulation showed 77 indivi-
duals with penis vesicles filled with sperm material, 6 empty, and a
single individual with a half-filled vesicle, The time and intensity
of collection, which probably included mostly early copulation, would
account for the great number of males m’.th filled vesicles, The 6
males with empty vesicles could have been in copulation for some time
prior to their being collected. The glans psnis of practically all
the above individuals overlaid the slit at the anterior end of the
penis vesicle instead of being positicned dorsal to the vesicle as it
was in all the single males examined. During the examination of five
of the above males, sperm material was found in a groove formed by the
membranous anterior end of the penis vesiéle and the glans penis,

This discovery led me to the examination of the external genitalia

of 39 females collected during copulation, In nine of these individ-
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uals sperm matéria.l (verified by microscopic examination) was foumd in
the groove formed by the anfbéricr and median gonapophyses., I believe
that sperm material would have been found in more females if copulation
had been allowed to proceed fq'r a longer perisd of time, -

Dissection and examination of the penis vesicles of 136 males -
taken during tandem oviposition, which indicated that copulation was
complete, revealed 134 empty vesicles and 2 with the remains of sperm
material, } | |

The absence of sperm material in the vesicles of over 99% of the
single males indicates that sperm translocation must precede copulation,
This, with the obsewatioﬁs of sperm translocation in tandem after cap-
ture of the female and pr_ior to copulation, substantiate_s the observa-
tions of Bick and Bick (1965b). | )

The absence of sperm material in the vesicles of over 98% of the
males taken duriﬁg tandem oviposition indicates that sperm were not re-
tained in the penis vesicle for future mating, and that sperm trans-
location must occur prior to each copﬁla.tion.

The ventral surface of the ninth abdominal segment of the male was
briefly described by Walker (1953) as a “genital aperture, flanked by
a pair of small flaps, the genital valves" (Figurs 6). These valves
vary in shape among the various genera, but are somewhat uniform in
closely related species (Figure 7) and, in all cases, are hinged along
their anteroelateral margins. Dur:‘mé sperm translocation they are
opened and held ventrally, parallel to the long axis of the abdomen,
The actual passage of sperm material from the male reproductive sys-
tem into the penis vesicle is accamplished through the ejaculatory
duct, the sperm injector of Jurzitza (1966 and 1967), which can be
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Figure 6: Mechanism of sperm translocation in Zygoptera. A - Ventral
view of the terminal abdominal segments of Enallagma ebrium;
B - Lateral dissected view, showing detail of vesicle during
translocation., (f-fenestra; gp-gonopore; pv-penis vesicle;
v-valve)

e,
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VIII
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Enallagma civile

Argia violacea

Hetaerina americana

Ischnura verticalis

Figure 7: Ventral view of the ninth abdominal segment in Zygoptera.
( v - genital valve; g - gonopore )
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exserted, This is undoubtedly "the vestigial relics of the male pemis
on the ninth segmént" referred to by Fraser (1939). In all species
examined the distal end of the éxserted duct was expanded, Field
observations of the process clearly showed the duct extending between
the ninth and second abdominal segments (Figure 2), but the expanded
end of the duct was not visible and appeared to be inserted into the
s1it at the anterior end of the penis vesicla, The soft fluid nature
of the spsrm material would easily ensble it to be passed through the
ejaculatory duct and deposited within t};:e vesicle, |

Spermatophore

Microscopic exam:i.\natim of the penls vesicle immediately following
sperm translocation or during early copulation showed a mass of ‘sperm
materisl which filled the vesicle. In living spécimens, I found this
material to be rather fluld substance with no definite shape. In fresh
specimens it was not the jelly-like structure described for the hemiw
pteran, Rhodnius, by Davey (1965), but my mseﬁéd material had the
appcarance of the spermatophore he described, There was a transparent
outer region which was definitely clearer than the remaining center
portion, in preserved material. The cenﬁral posterior region was more
dense, being composed of the mass of spermatozoa, as illustrated in
Figure 8, In some individuals, especially in the genus Argia, there
was a constriction of the clearer outer layer toward the anterior end.
In many of the preserved spermatophores there was seen an opening or
slit at the very anterior end, or, at leasf., the end appsared to be
torn open.

As stated previously, it was impossible to determine the size and
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Figure 8: Spermatophores of Zygoptera, S8hape indicates
the shape of the penis vesicle of the male rather than
the spermatophore itself, o X 100

Enallagma basidens

Enallagma civile

Hetaerina americana Argia plana ' Argia immunda
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shape of the sperm mass because of its liquid character in living
materigl., However, sperm material from preserved specimens varied in.
| size and shape, Measurements of ihe preserved spermatophores of 13

individuals of E. _c_:g_i_l;g gave an average of 0,78 mm. X o,42 mm,,
ranging from 0,68 X 0.32 to 0.90 X 0,50, The shape of the preserved
material as shoun in Figure 8 was quite variable among the different
species and correépounded to the shape of the lin:!ng membrane of the
penls vesicle rather than that of the spermatophore itself., The con-
striction in Argia correspands to a like constriction of the male
vesicle, The spermatophore of all species examined were transparent
"and colorless with the exception of g. americana, which was dull yel-
low in color.

The spermatozoan of E. civile (Figure 9) is very elongate. The
head is approximately one micron in diameter,. and ranged from 12,5 to
15.C micra in length with an average of 14.5 in 18 measured individ-
uals, The tails were over three times the length of the heads,
approximately 50 micra, and gradually tapered toward the end from a
diameter nearly that of the head.

Copulation
No clear description of the functional roles of the various organs
of the external genitalia of the second and third abdominal segments
of the ﬁxale can be found in the literature of this group. Tillyard
(1917) stated that since the penis of the zygopterans has no muscles,
nerves or tracheaes, "it is difficult to say what part a poorly develop-
ed organ of this kind can play in copulation," and speculatéd that it

might serve as a means by which the male holds the female gonopore in
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Figure 9: Spermatozoan of Enallagma civile,
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contact with his penis vesicle.‘ Kénnedy (1917) believed the penis to
be the sole clasping orgén during copulation, Walker (1953) stated
that the function of the penis is not known.
I collectéd ﬁhree copulating pairs of damselflies which remained
together in the copulatory attitude. These pairs were immediately'
killed in a cyanide jar and preserved intact in alcohol, The species

were Argia violacea, Enallagma geminatum, and Ischnura verticalis,

The first two pairs were carefully dissected apart and the positions
and attitudes of the various organs of the male and the femals external
genitalia noted. The third was cleared and mounted whole on-a glass
microscope slide, The attachment of copulation was found to be the
same in all three pairs, The following is a description of the at-
tachment in A, violacea, but the same would apply to the other two
species,

- In A, violaces (Figures 10.and 11) the anterior and median gona-
pophyses of the female were inserted into the ventral groove on the
ventrgl surface of the male second abdominal segment with one of each
pair on either side of the penis. They were anchored tightly by tae
anterior laminae of the male. These were the only structures that
functioned as clasping organs by either sex during copulation, The
lateral gonapophyses of the female were held apart and parallel to the
male abdomen and played no part in the attachment. The penis of the
male is inserted between the right and left anterior and medial gona-
pophyses of the female with the proximal portion of the glans penis
extending to the posterior bases of both pairs of the gonapophyses in
the region of the female genital aperture, The stalk of the penis was

fitted into the pair of median grooves of the anterior laminae of the
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male which appeared to hold it in the exserted position. The distal
ends of the glans penis protruded from between the gonapophyses and
lay on either side of the slit at the antefior end of the penis ves-
icle, The anterior opening of the penis vesicle was pressed against
fhe slightly parted bases of the terebra of the female, externally.
The hamules of the male play no part in the attachment and were located
laterad of the inserted gonapophyses, The posterior hamules fitted
against the anterior margin of the anterior gonapophyses and the anter-
ior hamules lie against the posterior gonapophyses. Tillyard (1917)
described the hamiles of Anisoptera as being complicated in form and
functioning as claspers., In the Zygoptera the hamules are merely two
pairs of simple fingerwlike projections located posteriorly near the
edges of the ventral groove., They are apparently only sensory struc-
tures, or guides to align the terebra in the genital groove of the male
or through their semsory function to indicate to the male that the
gonapophyses are properly positioned.

The exact function of the penis could not be determined from the
specimens, but from its position it would slightly spread the gonapo=~
physes, since the distal ends of the glans protruded from betwsen them
near their bases and since the main portion of the penis lay between
them, The penis could secondarily aid the anterior laminae in holding
the female by pressing the bases of the gonapophyses against the penis
vesicle., However, I do not think that the penis functions very effi-
clently in the attachment, but provides with the terebra the passageway
through which the sperm material passes fram the male to the female,

In E. civile and E. basidens there is a pair of small grooves on either

side of the penis into which the gonapophyses fit, and in H, americana
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there is a similiarly placed pair of spiral flaps which could engage
the gonapophyses, but‘it does not seenm 1ikely that these would be of
much benefit for attachment because they arse memb?anous and not sclero-
tized, With the penis of the male exserted, as ié isbduring copulation,
a groove was seen in the terminal glans pénis suppoxted by two sclero-
tized structures which resembled a two-tined fork. The position of
the proximal portion of the glans along the grooved posterior side of
the terebra formed‘a tubule through which sperm material could pass to
the female gonopore, This was confirmed when spefm material was found
in the groove of the gonapophyses of nine females of E., civile taken
during copulation, Sﬁerm material was also found outside of the penis
vesicle in the groove of the glans of another five males of the same
speclies, also taken during copulation,

I have previously described the fluid appearance of the spermato-
phore, Its liquid nature would greatly facilitate its movement from
the vesicle of the male through the tubule formed by the terminal
filamentous lobes of the glans penis and the anterior portion of the
vesicle and through the tubule formed by the terebra of the female and
the proximal glans to the genital aperture of the female, The sperm-
atophore is apparently moved in a stream from the vesicle into the
female, which would account for the relatively long periods of time
required by most of the zygopterans during copulation. The fluid
spermatophore is thus moved in toto to the female which would account
for the empty vesicles in the males collected following copulation
while in tandeﬁ oviposition with the females,

The pumping action seen during copulation in many species would

press the posterior margin of the penis vesicle against the posterior
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part of the eighth abdominal segment of the female, which protrudes
ventrally because of the attachment of the terebra. This pumping ac=
tion would aid in the squeezing of the sperm fluid out of the penis

vesicle,



2.

3.

7.

CHAPTER IV
SUMMARY

Sperm translocation always occurs after capture of the female by Vthe
male and immediately prior to copulation.,

Sperm translocation must occur in the male prior to each copulation
and none is stored for future matings,

Sperm translocation is accomplished in the male through the exser-
tion of the ejaculatory duct located in the ninth abdominal segment
and the insertion of its funnel-shaped distal end into the anterior
opening of the penis vesicle,

The spermatophore of Zy:goptera is a fluid mass of material which is
moved from the penis vesicle of the male into the gonopore of the
female in a continuous strean.

The spermatozoan of Enallagma civile has an elongate head averaging

1,0 X 14,5 micra and a tail approximately 50 micra in length.

The attachment during copulation is achleved by means of the texsbra
of the female being inserted into the genital groove on the ventral
surface of the second abdominal segment of the male and being held
in place by the anterior lamina of the male,

The penis in Zygoptera is of little use for attachment during cop-
ulation, but forms a tubule with the ovipositor of the female for
conducting the sperm materisl fram the penis vesicle of the male to
the female genital aperture, |

The remaining organs of the external genitalia of the male and the
30
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female zygopterans are passive structures in attachment between the

male and female during copulation.
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