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Fras. 84-89.—(84) Saldula saltatoria, male reproductive organs. Left testis and vas omitted
(Saldidae). (85) 8. saltatoria, transverse section through vas deferens and apex of
accessory gland. (86) 8. sallatoria, transverse section through bulbus. (87) 8. saltaioria,
transverse section ductus ejaculatorius. (88) Aépophilus bonnairei, male reproductive
organs. Right testis omitted (Aépophilidae). (89) 4. bonnaires, testis with follicles
separated.
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REDUVIIDAE.

(Galliard (1935) and Carayon (1944, 1950c) have described male organs in
some Reduviidae. In the present study those of Sinea diadema (Fabricius)
were investigated, and this confirmed the observations of the above authors.
Bach testis has seven follicles. The paired mesadenes are large and each
consists of four lobes meeting centrally in stellate fashion. The ductus ejacu-
latorius is very short. Superficially, a bulbus ejaculatorius is not apparent, but
sections show that the anterior end of the ductus has a complex structure
fundamentally similar to that of the typical bulbus.

PHYMATIDAE.

Carayon (1950c) has noted that the male organs of Phymata do not differ
from those of typical Reduviidae.

ANTHOCORIDAE.

In Anthocoris nemorum (L.) (figs. 90, 91) each testis consists of four more or
less spherical follicles held in line along the lateral margin of the abdomen.
The distal end of the vas deferens forms the vesicula seminalis. The mesadene
gland consists of several thick branched tubes which enter a spherical reservoir
attached to the vas at the base of the vesicula seminalis. From here the mesadene
duct passes back bound closely to the vas to enter the apex of the bulbus.

CIMICIDAE.

Christophers and Cragg (1922) and Carayon (1950c) have described the
reproductive organs of Cimex. They closely resemble those of the Anthocoridae.
The testes have seven follicles. It is of interest to note that Christophers and
Cragg had observed that the bulbus has a complex structure, as they reported
that the vasa and accessory gland ducts open at the surface of a papilla or
velum projecting back into the ductus ejaculatorius.

ARADIDAE.

In Aradus cinnamomeus Panzer (fig. 92) each testis is large and ovoid. The
number of follicles has not been determined. Woodward (1950), citing Gross
(1901), notes five follicles in Aradus sp. There are swollen vasa deferentia and
a pair of tubular mesadenes. The bulbus is large.

DysoDIIDAE.

The testes of Aneurus laevis (Fabricius) (figs. 93-96) are somewhat pyramidal
and consist of six follicles. The vas deferens is narrow and does not dilate to
form a vesicula seminalis. There is a pair of mesadene glands. Each is a long
coiled tube with a constricted lumen and an epithelium of very tall columnar
secretory cells (fig. 94). Phe duct from the gland is bound to the vas by the
common muscle layer.

The bulbus ejaculatorius consists of the usual three cell layers. Anteriorly,
the lining epithelium (ep,) is surrounded by a thick layer of muscle fibres. This
layer disappears posteriorly (fig. 95). The chitinous intima (v) is thick and bears
numerous papillae.

TRANS. R. ENT. S0C. LOND. 109. pr. 1. (JUunNE 1957). 3
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Fias. 90-96.—(90) Anthocoris nemorum, male reproductive organs. Testis lobes separated.
Right side omitted (Anthocoridae). (91) A. nemoruwm, arrangement of testis lobes
in sitw.  (92) Aradus cinnamomeus, male reproductive organs. Right testis omitted
(Aradidae). (93) Aneurus laevis, male reproductive organs (Dysodiidae). (94) 4. laevis,
longitudinal section accessory gland. (95) 4. laevis, transverse section posterior
region bulbus ejaculatorius. (96) A. laevis, transverse section ductus ejaculatorius.
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LysArIpAE.

The male organs of Kleidocerys resedae (Panzer) (fig. 97), Macroparius
thymi Wollf (fig. 98), Taphropelius contractus (Herrich-Schaeffer) and Ischno-
demus sabulelr (Fallén) (fig. 99) were examined. Seven follicles were noted in
the testes of all these species except Taphropeltus, where the number was not

Fias. 97-99.—Male reproductive organs. (97) Kleidocerys resedae, right testis omitted
(Cyminae, Lygaeidae). (98) Macroparius thymi (Lygacinae, Lygaeidae). (99) Ischno-
demus sabuleti (Blissinae, Lygaeidae).

determined as sections were not prepared. All possess mesadenes. These are
long and strap-shaped in Kleidocerys, lobed in Macroparius and reduced to
small finger-like appendages in Taphropelius and Ischnodemus. In all, the
vesicula seminalis occupies the extreme anterior end of the vas deferens.

In Kleidocerys the vasa deferentia and associated mesadene ducts enter the
large bulbus ejaculatorius very much more posteriorly than in the other
Lygaeidae examined. Ludwig (1926) found a similar condition in Lygaeus
equestris L., where the vasa enter the bulbus towards its posterior end.
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Fras. 100-108.—Dysdercus fasciatus (Pyrrhocoridae). (100) Male reproductive organs.
(101) Transverse section bulbus ejaculatorius at point anterior to entry of vasa deferentia.

(102) Longitudinal section bulbus. (103) Transverse section ductus ejaculatorius.
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Bonhag and Wick (1953) have made a functional study of the reproductive
organs of Oncopeltus. They find that the bulbus has the same complex structure
as that described for the land bugs in this present study.

BrrYTIDAE.

In Berytinus minor (Herrich-Schaeffer) (figs. 104, 105) the testes have an
unusual form. Kach consists of two lobes, each comprising a single follicle.
The apex of each vas deferens forms a large pear-shaped vesicula seminalis.
A pair of tubular mesadene glands is present, attached to the vasa (mg,),
and unpaired short tubular glands (mg,) enter the anterior end of the bulbus
ejaculatorius. The epithelium covering the base of the bulbus is continued
anteriorly on the dorsal side as a long sac (es) having the same structure as
those found, for example, in the Pentatomidae. The anterior end of the bulbus
consists of a single cell layer. Behind the base of the sac the bulbus has the usual
complex structure (fig. 105), the single cell layer of the anterior region now
constituting the lining epithelium (ep,), and this is surrounded by the two more
superficial layers (ep, and ep;). The base of the sac can be regarded as having
been folded around the lining epithelium, with its ventral wall producing the
middle epithelium (ep,) and its dorsal parts forming the outer layer (ep,).

PYRRHOCORIDAE.

The testes of Dysdercus fasciatus Signoret (figs. 100-103) are elongate ovoid
and have seven follicles each. The apical parts of the vasa form the vesiculae
seminales. Each mesadene gland consists of a mass of short wide tubules
bound together and to the base of the vas deferens by peritoneal membrane.
The condition of the bulbus ejaculatorius (figs. 101, 102) has been referred to in
the introductory section on the male organs. The organs of Pyrrhocoris apterus
(L.) resemble those of Dysdercus.

COREIDAE.

In Rhopalus subrufus (Gmelin) (fig. 106) and Myrmus miriformis (Fallén)
(fig. 107) the organs resemble those of the Pyrrhocoridae, the chief difference
being in the shape of the mesadene gland, which is a single wide tube closely
bound to the vas by peritoneal membrane. Seven follicles are present. In
Coreus marginatus (L.) (fig. 108) the mesadene glands consist of a large number
of short tubules. The bulbus ejaculatorius is flattened and asymmetrical
being displaced somewhat to one side.

PIESMIDAE.

The reproductive organs of Piesma quadratus (Fieber) (fig. 119) are very
simple, consisting of large ovoid testes, simple vasa, a bulbus ejaculatorius
and a short ductus. Accessory glands are absent. The number of follicles has
not been determined.

TINGIDAE.

In Tingis ampliata (Herrich-Schaeffer) (fig. 120) the testes are small and
more or less spherical. The number of follicles has not been determined. From
each testis a fine vas deferens leads back to a long vesicula seminalis which
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Fies. 104-108.—(104) Berytinus minor, male reproductive organs. Left side omitted !oound i
(Berytidae). (105) B. minor, transverse section posterior region bulbus ejaculatorius. ' is small
(106) Rhopalus subrufus, male reproductive organs (Rbopalinae, Coreidae). (107) 115-117
Myrmus miriformis, male reproductive organs (Rhopalinae, Coreidae). (108) Coreus The org
marginatus, male reproductive organs, Left testis omitted (Coreinae, Coreidae). °
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enters the apex of the bulbus. Entering at this point on each side is a very
long and wide mesadene accessory gland. A pair of small saccular ectadenes
enter at the base of the bulbus.

PeNTATOMIDAE.

With the exception of those of the Acanthosominae, the male organs of the
representatives of the subfamilies of Pentatomidae examined are characterised
by a complex bulbus ejaculatorius with well-developed ectadene accessory
glands in addition to the mesadenes. In many, ectodermal sacs of varying
form arise from the apex or dorsal aspect of the bulbus and the ectadenes
may open into these. The usual number of testis follicles seems to be six,
although seven, five and four have also been found.

The male organs of Wezara viridula (1.) have already been described in
detail by the writer (Pendergrast, 1956). A brief account of the condition in
other species will be given here.

Pentatominae :  In *Piesodorus lituratus (Fabricius) (fig. 109) the organs
resemble those of Nezara. The mesadene tubules are reduced in number and
ectadenes open into a very large bilobed ectodermal sac. “Aélia acuminata
(L.) (fig. 110) has the anterior ectodermal sac replaced by a pair of long strap-
like sacs. The ectadene tubules open separately into the bulbus along the length
of its lateral borders. *Carpocores fuscispina (Boheman) (fig. 111) has two
separate laterally-placed ectodermal sacs. The reproductive organs of Antestia
limeaticollis Stal, figured by Kirkpatrick (1937), resemble those of 4élia. Sarel-
Whitfield (1929) has given a brief description and figure of the male organs of

vAgonoscelis versicolor (Fabricius). He does not describe ectadenes, although
the mass of mesadene glands in his figure extends backwards for some distance
along the sides of the bulbus so there is a possibility that the ectadene tubules
are included with these.
~Graphosomatinae : In Graphosoma ttalicum Mueller the male reproductive
organs resemble those of Carpocoris. Berlese (1899) has figured a diagrammatic
longitudinal section of the bulbus, which shows the organ to have the same
complex structure as in ghe Pentatominae. Seven testis follicles are present.
The ectadene tubules in "Podops inuncie (Fabricius) (fig. 113) open into the pos-
terior edge of the ectodermal sac and not, as in Graphosoma, into the bulbus.
There are five follicles.

Scutellerinae . In Sphaerocoris annulus (Fabricius) (fig. 112) both mesadene
and ectadene tubules are present, the latter forming a large mass obscuring
most of the bulbus, mesadenes and vasa. Ectodermal sacs are absent. .

7 Acanthosominae : “Rhopalimorpha obscura White (figs. 114-117) and ‘R.
lineolaris Pendergrast have similar reproductive organs, although they differ
in respect of the number of testis follicles, lineolaris having four, and obscura
six. The organs are somewhat simpler than those of other Pentatomidae,
resembling more those of the Pyrrhocoridae. The testes are almost spherical
and the mesadene glands small, consisting of a few short lobe-like tubules
bound in a compact mass to the base of the vasa. The bulbus ejaculatorius
is small, fusiform and lacks ectadenes and ectodermal sacs. Sections (figs.
115-117) show that it has essentially the same structure as that of Dysdercus.
The organs of Acanthosoma haemorrhoidale (L.) (fig. 118) and Flasmucha grisea




40 J. G. Pendergrast on the reproductive organs of the

K

Fias. 109-112.—Male reproductive organs (Pentatomidae). (109) V;iezodoms Lituratus,
right side of ectadene reservoir omitted to show mesadene beneath (Pentatominae).
(110} Aélin acuminata, left ectadene tubules omitted (Pentatominae).v(lll) Carpocoris
fuscisping, right ectodermal sac and ectadene tubules omitted (Pentatominae).
(112) Sphaerocoris annulus, some of the right mesadene tubules have been removed ;

their bases are seen attached to the right vas deferens (Scutellerinae).
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Fras. 113-118.—(Pentatomidae cont.). (113)%d0p8 tnuncta, male reproductive organs.
Right ectadene and ectadene reservoir omitted (Graphosomatinae), (114)Rhopalimorpha
obscura, male reproductive organs (Acanthosominae.) (115) "R. obscura, transverse
section bulbus ejaculatorius. (116)"R. obscura, transvers/e' section posterior end bulbus
ejaculatorius, showing reduction in ep, and ep,. (117)"R. obscura, transverse section
ductus ejaculatorius. (118) Acanthosoma haemorrhoidale, male reproductive organs.
Left testis omitted (Acanthosominae).




42 J. G Pendergrast on the reproductive organs of the

(L.) resemble those of Rhopalimorpha. Seven testis follicles are present in both
these species.

CYDNIDAE.

In Sehirus bicolor (L.) (fig. 121) the male organs are of the same type as those
noted in the Pentatominae, the most obvious difference being the lack of tubules
comprising the accessory glands, these having the form of swollen sacs. There
are two pairs of ectadenes, a median ectodermal sac and a pair of mesadenes.
There are seven follicles.

PLATASPIDAE.

Dissections of Coptosoma sp. (fig. 122) were made from alcohol material
which was found to be unsuitable for dissections. The various regions were
traced but details cannot be described with certainty. Each testis is large,
with seven follicles. The vasa are slender, extremely long, and held in a tangled
mass. The mesadenes are large glands, each consisting of a mass of wide,
short tubules. The bulbus is small'and receives an ectadene dorsally on each
side. This is a narrow tube expanding basally to form a reservoir.

4. Miridae.

The male reproductive organs in this family are quite unlike those of other
families. Kullenberg (1947) has given a very full account of the organs in a
large number of species. Calocoris ochromelas (Gmelin), Leptoterna dolobraia
(L.), Notostira erratica (L.) and Lygus contaminatus (Fallén) were examined
by the present writer. The study confirms the account given by Kullenberg.

5. Families for which information on the male organs is lacking.

LEPTOPODIDAE. VELOCIPEDIDAE. CRYPTOSTEMMATIDAE.
ISOMETOPIDAE. POLYCTENIDAE. THAUMASTOTHERIIDAE,
COLOBATHRISTIDAE, UROLABIDAE. APHYLIDAE.
LREOTICHIDAE. ENICOCEPHALIDAE. SCHIZOPTERIDAE.
MICROPHYSIDAE. TERMITAPHIDIDAE. JOPPEICIDAE.
HYOCEPHALIDAE. PHLOEIDAE. HELOTREPHIDAE.

TV. Tar REpPrODUCTIVE ORGANS AND CLASSIFICATION :
INTRODUCTION.

The writer would like to stress once again that this study is primarily
intended to be a morphological survey and is not an attempt to erect a system
of classification on the evidence of a small group of characters. The need for
caution in this respect is even more obvious when, as in this case, the data
collected are relatively incomplete. Nevertheless, in this discussion it is pro-
posed to use the evidence of the reproductive organs in an attempt to throw
some light on certain aspects of Heteropteran systematics. The reasons for
this are two-fold. Firstly, by so doing it is hoped that it will be possible to
assess their value as characters in systematics. Secondly, it will present the
evidence in a convenient form should other workers desire to incorporate it
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121 g, 7 120

Fies. 119-122.—Male reproductive organs.” (119) Piesma quadratus (Piesmidae). (120)
Tingis ampliata, left side omitted (Tingidae). (121) Sehirus bicolor (Cydnidae). (122)
Coptosoma sp., from a dissection of poorly preserved material. Arrangement of lobes
of mesadene gland probably not accurate. Left ectadene gland and right mesadene,
vas and testis omitted (Plataspidae).
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with other evidence in future attempts to provide a classification of the sub-
order.

It is intended to examine the extent to which contributions to classification
can be made at several different levels. These are :—

1. At the highest level in the suborder, that of the major series.

2. At the level of the superfamily and family.

3. In one group, the Pentatomidae and its related families, which
has been studied rather more extensively, it is proposed to discuss the
family and subfamily relationships.

V. Tur Major SUBDIVISIONS OF THE HETEROPTERA.

Reuter (1910) has given a review of the attempts to divide the Heteroptera
into major subdivisions. The main attempts can be summarised as follows.

Latreille (1825) proposed a division mto two series, the Hydrocorisae or
true water bugs and the Geocorisae or land and surface-living water bugs. These
divisions correspond with those of Fieber (1851) into Cryptocerata and Gymno-
cerata, based on antennal characters. Such a division has been followed by
several authors, notably Borner (1934), Beier (1938) and Poisson (1951).

The chief points of difference in the various systems is in the placing of the
Ochteridae, Gelastocoridae and Corixidae. The first two families are littoral
in habit and, despite their reduced antennae, are usually placed in the Geocorisae
(Gymnocerata). Beier, however, includes them in the Hydrocorisae (Crypto-
cerata). Borner (1904) removed the Corixidae from the Hydrocorisae to a
special group, the Sandaliorthyncha. This division was adopted by Reuter
(1912). Ekblom (1929) and Spooner (1938) support this grouping, chiefly on
the evidence of the mandibular levers.

Dufour (1833) proposed the addition to Latreille’s Geocorisae and Hydro-
corisae of a third series, the Amphibicorisae, to include the surface aquatics.
This was supported by Ekblom and Spooner in their studies on the mouthparts.
Thus, from the evidence they have considered, the two last-named authors
would divide the Heteroptera into four series: The Sandaliorrhyncha, the
Hydrocorisae, the Amphibicorisae and the Geocorisae.

Reuter (1912) arranged the families into seven major groups or series:
the Sandaliorrhyncha, the Hydrobiotica, the Anonychia and four others
containing only terrestrial Heteroptera. The Sandaliorrhyncha consisted of the
Corixidae, while the Hydrobiotica included, in addition to the remaining water
bugs, the Ochteridae, Gelastocoridae, Velocipedidae, Saldidae, Leptopodidae,
Aégpophilidae, Gerridae, Veliidae and Hydrometridae. The Hebridae and Meso-
veliidae were placed, along with a number of terrestrial families, in the
Anonychia.

Examination of the male reproductive organs of the Heteroptera shows that,
if one omits the very specialised Miridae, there is a fundamental division into
two groups on the evidence of the presence or absence of the bulbus ejaculatorius.
The families of the group where a bulbus is present are all included in the series
Geocorisae of Poisson (1951). The other group, where the bulbus is absent,
comprises the families from the Hydrocorisae, with the addition of the Gelasto-
coridae and Ochteridae, and the surface aquatics Gerridae, Veliidae, Hydro-
metridae, Mesoveliidae and Hebridae.
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This division is quite clear-cut, as the bulbus ejaculatorius is not a simple
dilation of the anterior end of the ductus ejaculatorius but is, in every case,
a complex organ with a fundamentally uniform structure throughout the families
examined. In the other group the ductus is a simple tube.

When the spermathecae are considered, a somewhat less clear-cut picture
is presented. Kxcept in the surface aquatics, the spermathecae are of mterest
when considered at superfamily and family level, but they do not appear to
throw light on the classification at a higher grade. The spermatheca of the
Gerridae, Veliidae, Hydrometridae, Mesoveliidae and Hebridae, however,
differs fundamentally from all others in the Heteroptera. The presence of
a second duct (the ““fecundation canal”), which connects the spermathecal
bulb with the anterior end of the vagina, is unique in the suborder. It is con-
sidered, therefore, that this places these families quite apart from the others
in the group without a bulbus.

Concerning the Corixidae, there would seem to be a case against their
removal from the Hydrocorisae to a separate series. They have male reproductive
organs which are basically of the same type as those of the undisputed Hydro-
corisae. This conclusion is further supported by the form of the spermatheca,
which is fundamentally of the same type as that of the Naucoridae.

The evidence of the reproductive organs supports the opinion of Reuter
and Beier that the Ochteridae and Gelastocoridae should be included with the
Hydrocorisae. The male organs are clearly of the type found in other Hydro-
corisae. The spermathecae of the two families also have clear affinities with
those of the true aquatic bugs.

Considering only the reproductive organs, the writer’s conclusions are :—

1. The terrestrial bugs (excluding the Ochteridae and Gelastocoridae) form a
distinet series.—On this evidence Reuter’s subdivision into several series is not
justified, nor is his association of terrestrial and surface aquatic forms in both
the Anonychia and the Hydrobiotica.

2. The true aquatics (and the Ochteridae and Gelastocoridae) are & uniform
and distinct grouwp.—The Sandaliorrhyncha would not seem a justifiable group
on this evidence.

3. The surface aquatics are a very distinct and homogeneous group.—Reuter’s
separation of the Hebridae and Mesoveliidae cannot be supported, nor can the
inclusion of the group in the Geocorisae be upheld. The unique character of
the spermatheca in this group would seem to separate them from the true
aquatic bugs.

In conclusion, considering both spermatheca and male reproductive organs,
it seems that the classification most in accord with the data is a modification
of Dufour’s views.

(i) Male reproductive organs with a bulbus ejaculatorius . . . GEOCORISAE.
(i) Male reproductive organs without a bulbus. Accessory glands
generally present . . .. HYDROCORISAE.

(iii) Male reproductive organs without a bulbus. Accessory glands
absent (except in Mesovelia). Spermatheca complex, with a
“fecundation canal” . . . . . . . . .  AMPHIBICORISAE.
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VI. CLASSIFICATION AT THE SUPERFAMILY AND FamiLy LEvEL.

In order to arrive at some conclusions as to the points of agreement and
disagreement on the classification of the Heteroptera, the systems of five
authorities have been compared. These are Reuter (1912), China (1933), Borner
(1943), Beier (1938) and Poisson (1951). In this section the writer proposes to
indicate briefly the points of disagreement in these systems and to examine
them in the light of evidence from the reproductive organs.

1. The position of the Corixidae.

Tn the consideration of the major series the position of the Sandaliorrhyncha
has been discussed. The male reproductive organs are of the same type as those
of the accepted Hydrocorisae and any differences in detail are no greater than
between the other families of the series. The spermatheca of the Corixidae,
although superficially different in appearance from that of Naucorts, is of basically
the same type. Both possess a duct leading to a fusiform bulb imvested by
muscle fibres. Apically, this receptacle bears a glandular tube which, in the
case of the Corixidae, is extremely long.

Therefore, the writer would suggest a place for the Corixidae near the
Naucoridae in the series Hydrocorisae.

2. The Pleidae and Helotrephidae.

China (1933) has stated that the Notonectidae, Pleidae and Helotrephidae |

are three distinct families which form a natural group showing a definite
sequence of specialisation amongst themselves. Poisson (1951), however,
places the Pleidae and Helotrephidae in a separate superfamily, the Pleoidea,
which had been proposed by Esaki and China (1928). Poisson notes that the
Helotrephidae, while close to the Pleidae, also show apparent relationship
with the Naucoridae.

The spermathecae of the Pleidae and Helotrephidae are clearly to be
grouped with that of Notonecia and are unlike that of Naucoris. Thus the data
lend support to the view of China that the Notonectidae, Pleidae and Helo-

trephidae should be grouped together.

3. The Ochteridae and Gelastocoridae

The position in the major series of the Ochteridae and Gelastocoridae has
already been discussed. The male reproductive organs are of the same type
as those of the aquatic bugs and on this evidence the writer would place them
in the series Hydrocorisae.

The spermathecae of the two families differ, but each bears a close resem-
blance to those of certain Hydrocorisae. The spermatheca of the Ochteridae
has the same form as that of the Naucoridae, possessing a long duct, curved
fusiform bulb and a narrow apical glandular tube. In Naucoris the bulb is
surrounded by a coating of muscle fibres, but in Ochterus these fibres form a
stout band stretched between the ends of the bulb across its curvature. The
spermatheca of the Gelastocoridae, on the other hand, is clearly allied to that of
the Notonectidae, and appears as close to it as do those of the Pleidae and

Helotrephidae.
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On the evidence of the reproductive organs it would appear that: (a) the
Ochteridae and Gelastocoridae have affinities with the Hydrocorisae and (b)
the Telmatobia (Esaki and China, 1927) is not a natural group. This group,
which has been adopted as a superfamily by Poisson (1951), includes, in addition
to the Ochteridae and Gelastocoridae, the other littoral families Saldidae,
Leptopodidae and Velocipedidae (Poisson omits the Velocipedidae and adds
the Aépophilidae). The three last-named families should, on reproductive
characters, be included in the Geocorisae and, further, the Velocipedidae
might be removed from the remaining families to a position close to the Nabidae.

4. The Notonectoidea.

Under sections 2 and 3 above, the affinity of the spermathecae of the Noto-
nectidae, Pleidae, Helotrephidae and Gelastocoridae has been commented
upon. These four families form a group within the Hydrocorisae with a uniform
type of spermatheca unlike that found in the other families of the series.

Therefore, on this character, a re-definition of the Notonectoidea is suggested,
to include the Gelastocoridae in addition to the Notonectidae, Pleidae and
Helotrephidae. Borner’s (1934) Notonectoidea, including the Naucoridae and
Aphelocheiridae as well as the Notonectidae and Pleidae, is not considered
to be a natural group. Nor is that of Reuter (1912) which included the Noto-
nectidae, Naucoridae, Nepidae and Belostomatidae.

5. The Nepoidea.

Several authors (e.g. Esaki and China, 1928 ; Beier, 1938 ; Poisson, 1951)
have placed the Nepidae, Belostomatidae, Naucoridae and Aphelocheiridae in
the superfamily Nepoidea. The affinity of the first two families on the one
hand, and the second two on the other, is also generally recognised. Hsaki
and China subdivide the superfamily, with the Aphelocheiridae and Naucoridae
on one branch and the Belostomatidae and Nepidae on the other. Borner (1934)
includes only the last two families in the Nepoidea.

The spermathecae of these two families are very similar and distinct from
those of the other Hydrocorisae. There are also points of similarity in the male
reproductive organs of the Nepidae and Belostomatidae.

On this basis, therefore, it would appear that the Naucoridae and Aphelo-
cheiridae should be removed from the Nepoidea and the superfamily redefined
to include only the Nepidae and Belostomatidae.

6. The Naucoridae and their allies.

The Naucoridae, Aphelocheiridae, Corixidae and Ochteridae remain after
the other families of the Hydrocorisae have been placed in the redefined
superfamilies noted above. Although there is a considerable diversity in the
external characters of these remaining families, they can be grouped together
on the evidence of the spermatheca.

It is extremely unlikely that such specialised insects as these would be
brought together on the evidence of the usual taxonomic characters. Never-
theless it is convenient here to indicate their affinity with respect to the
reproductive organs by their inclusion in one group.
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7. The Gerroidea.

The independent status of the Gerroidea has been emphasised in Part V.
It has been shown that on reproductive characters the Gerridae, Veliidae,
Hydrometridae, Mesoveliidae and Hebridae should be regarded: (a) as a
homogeneous group (in opposition to the view of Reuter, 1912) ; (b) as meriting
the status of a series, the Amphibicorisae, a view which conflicts with those of
many authors who place the group with either the Hydrocorisae or the Geocorisae.
Several authors have stressed the affinities of this group, or some of its
families, with the Reduvioidea (e.g. Reuter, China, Beier); while Poisson
notes that they have perhaps arisen from primitive Saldidae.
The unique spermatheca and the type of reproductive organs indicate
that affinity with either the Reduvioidea or Saldidae is unlikely.

8. The Saldoidea.

It has been indicated in the discussion on the Ochteridae and Gelastocoridae
that, on the evidence of the reproductive organs, the Telmatobia of Hsaki-and
China (1927) is not a natural group. Reasons for the removal of the Ochteridae
and Gelastocoridae have already been given. Of the remaining families, the
Velocipedidae must, on reproductive characters, be placed near the Nabidae.
This is discussed below in the sections on the Reduvioidea and Cimicoidea.

The remaining families are the Saldidae, Leptopodidae and Agpophilidae.
The spermathecae of the first two families are similar. It is of interest that they
possess a well-developed apical pump, a character found elsewhere amongst
the complex of families grouped in the Trichophora. The spermatheca of
Aépophilus has, unfortunately, proved difficult to examine. The male repro-
ductive organs of Aépophilus and Saldule have been studied and show obvious
affinity.

Therefore it is concluded that the Saldidae, Leptopodidae and Aépophilidae
should remain as a group after the removal of the Ochteridae, Gelastocoridae
and Velocipedidae.

9. The Reduvioidea.

It is generally agreed that there is a complex of families of predacious bugs
which can be termed the Reduvioidea. However, there is considerable disagree-
ment over the composition of the superfamily. Reuter (1912) included the
Nabidae, Hebridae, Mesoveliidae, Joppeicidae, Reduviidae, Phymatidae and
Enicocephalidae ; while Beier adds the remainder of the Gerroidea to these.
Bérner, on the other hand, places in it only the Nabidae, Reduviidae and
Phymatidae, and Poisson adds the Velocipedidae to these three families. China
(1933) does not indicate superfamilies but in one large group he places the
Phymatidae, Reduviidae and Enicocephalidae together, and somewhat apart
from the Nabidae and from the five families of surface aquatics.

The Reduviidae possess paired spermathecae, a condition which has been
observed elsewhere only in the Phymatidae and Tingitidae. The spermathecae
and the form of the vagina and median accessory gland of the Phymatidae
show clear affinity with those of the Reduviidae. Carayon (1950c), in discussing
the male reproductive organs, notes that those of the Phymatidae are very
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similar to those of the Reduviidae. In fact, he notices that both in this respect
and in other characters the Emesinae (Reduviidae) differ more from the typical

n Part V. Reduviidae than do the Phymatidae. This opinion is borne out in these studies

Veliidae, on the spermatheca.

(@) as a The Enicocephalidae have not been examined in this study. However,
S meriting Carayon (19500) has noted a small median seminal receptacle. This would
h those of indicate that the family is not allied to the Reduviidae. In this connection
eocorisae. it is of interest that Carayon (1950b) has remarked that the study of the eggs
me of its and other anatomical characters emphasises the great differences which separate
e Poisson these two families.

The Nabidae and Velocipedidae do not possess a spermatheca and, like the
Miridae, they have a vagina which is modified to form a bursa copulatrix.
Carayon (1950c) has examined the systematic position of the Nabidae and
concludes that they should be placed in the Cimicoidea. He points out that the
male reproductive organs of the Nabidae are unlike those of the Reduviidae
but very similar to those of the Cimicidae and Anthocoridae. Bléte (1945),

s indicate

stocoridae cited by Carayon, has demonstrated that the Velocipedidae (which he places
Esaki-and as a subfamily of the Nabidae) share many important common characters
Jchteridae with the Anthocoridae. The lack of spermathecae and the character of the
nilies, the bursa copulatrix indicate that the Nabidae and Velocipedidae should not be
 Nabidae. included in the Reduvioidea.
oidea. The Tingidae possess a large, saccular vagina and a pair of sac-like sperma-
ophilidae. thecae opening into the anterior wall near the point of entry of the lateral
that they oviducts. This character of paired spermathecae may indicate relationship
> amongsh with the Reduvioidea.
atheca of To sum up : Theremoval of the Gerroidea, the Enicocephalidae, the Nabidae
ale repro- and the Velocipedidae confines the superfamily Reduvioidea to the two
w obvious families Reduviidae and Phymatidae, with the Tingidae as a possible addition.
pophilidae o
stocoridae 10. The Cimicoidea.
There seems to be general agreement amongst the authorities that the follow-
ing families constitute the superfamily Cimicoidea : Cimicidae, Anthocoridae,
Miridae, Microphysidae, Polyctenidae, Isometopidae. The evidence from the
cious bugs reproductive organs strongly supports this grouping. (The Isometopidae
e disagree- have not been examined.) In these families there is no spermatheca and, in
Juded the some, special mechanisms for fertilisation involving haemocoelic fecundation
itidae and have been demonstrated. In the Cimicidae, Anthocoridae and Polyctenidae,
. to these. Ribaga’s organ, or a structure analogous to it, may be present.
viidae and Two additional families should be considered here. These are the Nabidae
ies. China and Velocipedidae, both of which lack a spermatheca. These two families
places the and the Miridae differ from the others in the development of a large bursa
vhat apart copulatrix by the enlargement of the vagina, and the thickening and partial
sclerotisation of its cuticular lining. The bursa copulatrix of the Nabidae is
1 has been very similar to that of the Miridae. The same regions are present in both, and
rmathecae both possess a long, median, tubular accessory gland opening into the dorsal
hymatidae wall of the bursa.
discussing The male reproductive organs of the Miridae are extremely specialised and
e are very show no affinities with those of any other Heteroptera. However, those of

TRANS. R. ENT. 80C. LOND. 109. p1. 1. (JunE 1957). 4
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the Nabidae, Anthocoridae and Cimicidae have many similarities, those of the
last two families being almost identical.

The conclusion reached is the same as that of Carayon (1950¢ and other
papers), that ve-definition of the Cimicoidea to include the Nabidae and
Velocipedidae in addition to the undisputed families is necessary.

11. The Tingoidea.

All the authorities considered in this discussion agree that the Tingidae and
Piesmidae are closely related. Evidence from the reproductive organs does not
support this view. During the examination of the characters of the Reduvioidea,
the form of the spermathecae of the Tingidae was discussed. In thisfamily there
are paired spermathecae opening into the anterior end of the saccular vagina.
In Piesma, on the other hand, the spermatheca has the form of a long tube,
lined with a thick cuticle and coiled apically in a regular, flat spiral.

The male reproductive organs of the Tingidae are complex, with very large
mesodermal accessory glands and smaller ectodermal glands. Piesma quadratus,
however, has extremely simple male reproductive organs, this being the only
species noted amongst the Geocorisae where accessory glands are absent.

The only conclusion reached is that the Tingoidea is not a natural group,
although the problem of placing the two families still remains. Possibly the
Tingidae are allied to the Reduvioidea. The inclusion of the Piesmidae in
Tullgren’s (1918) Trichophora on the evidence of the trichobothria will be
mentioned below.

12. The Trichophora.

Tullgren, in his investigation of abdominal trichobothria, termed those families
where these structures occur the Heteroptera Trichophora. Those noted by
him were the Pyrrhocoridae, Lygaeidae, Piesmidae, Berytidae, Coreidae,
Pentatomidae and Cydnidae. Recently Leston (1953¢) has reported the presence
of abdominal trichobothria in the Urolabidae, Aphylidae and Phloeidae. It
is apparent that the group Trichophora largely coincides with the series Poly-
neuria and Onychiophora of Reuter (1912).

The families in these groups have been subjected to such a variety of treat-
ments by systematists that a brief discussion of them at superfamily level
becomes extremely difficult. It has been decided not to examine the various
attempts at classification at this higher level, but simply to discuss those
families where evidence from the reproductive organs appears to be of interest.

China (1933) has grouped the Pentatomidae, Aphylidae, Cydnidae, Plata-
spidae and Phloeidae together. Near them he has placed the Urolabidae. These
families are probably generally accepted to-day as consituting the Pentatomoidea
(e.g. Poisson, 1951). This group will be discussed in the next section.

The spermathecae of the Lygaeidae and Colobathristidae are of little value
in the examination of the higher categories. For this reason these families
will not be considered here. The male reproductive organs of the Lygaeidae
are of little use in attempts to establish the affinities of the group, possessing
as they do features found in most Geocorisae. However, they are all characterised
by the possession of a single pair of accessory glands (mesadenes) and by
apically placed vesiculae seminales.
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The Pyrrhocoridae have a simple spermatheca, consisting of a duct leading to
an apical bulb. As in those of the Berytidae, Coreidae and Pentatomoidea
there is a distinct apical muscular pump. The pump in the Pyrrhocoridae is
distinctive in having a single flange (the proximal), the muscles being attached
distally around the edge of the bulb. This character is also found in the Urola-
bidae. The similarity between the male reproductive organs and those of the
Acanthosominae (Pentatomidae) is of interest, and will be noted again in'a later
section. The evidence from the reproductive organs is that the Pyrrhocoridae
are to be allied more with the Pentatomoidea than with the Lygaeid complex
of families.

All the Berytidae examined have a simple spermatheca with a large apical
bulb and a poorly-developed (or absent) proximal flange of the pump. The male
reproductive organs have, in addition to the pair of mesadenes, a mass of unpaired
glands opening into the bulbus. There is also a large ectodermal sac attached
to the bulbus. The male organs are obviously more complex than those of the
Lygaeidae, Pyrrhocoridae, Coreidae and the Acanthosominae. ,

On the character of the spermatheca the Coreidae form a very distinet
group. The spermatheca resembles those of the Pyrrhocoridae, Berytidae and
Pentatomoidea in having a duct with an apical bulb and a definite pumping
region. However, in all Coreidae examined, there is a proximal pump flange
only, the distal ends of the muscle fibres being attached to the twisted distal
parts of the spermathecal duct. Thus, the evidence from the spermatheca
suggests that the Coreidae is a natural group, but does not indicate the aflinities
of the family.

The reproductive organs of Piesma show little similarity with those of any
other family. Tullgren noted the presence of trichobothria and placed them
in the Trichophora in the same group as the Lygaeidae. However, the diversity
shown by the spermathecae of the Lygaeidae is so great that comparison is
impossible. It seems that the only comment that can be made is that, as is the
case with those of the Lygaeidae and Colobathristidae, the spermatheca of
the Piesmidae is quite unlike those of the other families of the Trichophora.

The authorities are in general agreement that the Aradidae and Dysodiidae
are close to those families which Tullgren included in the Trichophora. The
evidence from the spermatheca confirms this in the case of the Aradidae, but
not in that of some Dysodiidae. The Aradidae have a spermatheca with a
well-developed apical pump, a character which indicates its affinity with the
families of the Trichophora. Like those of the Pentatomoidea the pump has
two stout flanges for the attachment of muscle fibres.

VII. CrassiFIcATION AT FAMILY AND SUBFAMILY LEVEL
IN THE PENTATOMOIDEA.

There is general agreement amongst Heteropterists that the Pentatomoidea
is a natural group. At the family level, however, the position is very different.
It is probable that there is more disagreement over the family and subfamily
groupings of the Pentatomoidea than in any other complex of families in the
Heteroptera. Doubtless, this reflects the fact that there is possibly greater
diversity here than amongst the other groups. It is hoped that evidence from
the reproductive organs will contribute towards a clarification of the systematics
of the superfamily.
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1. The Urolabidae.

Although some authors (e.g. Reuter, 1912) have regarded this group as a
subfamily of the Pentatomidae, it is usual today (e.g. China, 1933) to give
it family status within the Pentatomoidea. Further evidence for a Pentatomoid
relationship has recently been gained from the study of the trichobothria
(Leston, 19530).

There are several grounds for denying it subfamily status within the Penta-
tomidae. Briefly these are : the venation (Kirkaldy, 1909) ; the eggs (Miller,
1953) ; the male genitalia (Singh-Pruthi, 1925). Singh-Pruthi noted that the
type of genitalia of the Urolabidae was close to that of the Acanthosominae.
It will be pointed out below that there are several reasons for suggesting the
removal of this latter group from the Pentatomidae. Finally, Miller (1953)
has cited Yang (1939) who, in a revision of Chinese Urolabids, has suggested
a relationship with the Pyrrhocoridae.

The form of the spermatheca confirms the independent status of the Uro-
labidae and also suggests that the group has affinities outside the Pentatomoidea.
In all other Pentatomoidea the spermathecal pump has two distinct chitinous
flanges. In the Urolabidae, however, there is only one, the proximal. The
muscle fibres are attached distally around the basal edge of the spermathecal
bulb. In this and other respects the spermatheca resembles that of the
Pyrrhocoridae.

It is concluded, therefore, that although the Urolabidae are clearly Penta-
tomoid, there is some evidence to suggest relationships outside this superfamily
and it is of interest that there should be similarities in the spermatheca and other
characters with the Pyrrhocoridae. The reproductive organs of the Acantho-
sominae also show certain Pyrrhocorid features (see below).

2. The Plataspidae.

There is general agreement on the status of the Plataspidae. The sperma-
theca has the usual pentatomoid character of two distinct pump flanges. It is,
however, very simple and consists of a bulb, pump region and a short, plain
duct. In this respect it resembles the spermathecae of the Berytidae, Pyrrho-
coridae and Urolabidae rather than those of the other Pentatomoidea. In
these others the spermathecal duct is never simple.

The male reproductive organs are complex, ectadenes being present in
addition to the mesadenes. The former have been noted also in the Cydnidae,
Pentatomidae, Graphosomatinae and Scutellerinae. The organs of the Plata-
spidae are unique among those of the Trichophora in the extreme length of the
vasa and the form of the accessory glands. It is interesting that in the Plata-
spidae, where the externals and the male reproductive organs are very specialised,
the spermatheca has remained in the simple condition.

Thus, the evidence of the male and female reproductive organs confirms
the placing of this group as a separate family within the Pentatomoidea.

3. The Phloeidae.

The position and status of this group has been the subject of an investigation
by Leston (1953¢). This author demonstrates that the group is correctly placed
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in the Pentatomoidea and gives reasons for regarding it as a separate family:
Thus, his findings ave in accord with those of China (1933) and Poisson (1951).

The spermatheca of the Phloeidae is pentatomoid in having two pump
flanges but is distinct from those of the other families and subfamilies. The sperma-
thecal duct has a simple, ovoid dilation unlike that of the other groups. This
evidence, therefore, tends to confirm the family status of the Phloeidae but does
not contribute towards an understanding of the relationships of the family
within the Pentatomoidea.

4. The Cydnidae.

The main problems involved in the systematics of this group may be sum-
marised as: (@) Is the Cydnidae a homogeneous group or should the Thyreo-
corinae and Cydninae be raised to higher status, as in Van Duzee (1917) and
others ? (b) What is the status of the group ; should it be regarded as a family
or should it be included as a subfamily within the Pentatomidae 2 Most
authors are agreed that the Cydnidae ranks as a separate family although
some (e.g. McAtee and Malloch, 1933 ; and Beier, 1938) deny this.

Of the four species examined, two were representatives of the Cydninae
and two of the Thyreocorinae. The spermathecae of three of these, Sehirus,
Macrocytus and Thyreocoris, are clearly of the same type while the third, that
of Galgupha (Thyreocorinae), is very different. It is unfortunate that it has not
been possible to examine further species from the Thyreocorinae in order
to test whether Galgupha is aberrant in respect of the spermatheca or whether
there is diversity in the form of the organ in this subfamily. However, if one
accepts Thyreocoris as typical of the Thyreocorinae, then it can be stated
that the evidence suggests that the Cydninae and Thyreocorinae should be
regarded only as subfamilies of the Cydnidae.

In regard to the status of the family, evidence from the reproductive
organs is somewhat more helpful. The three spermathecae which are similar
have a large apical bulb, a prominent pump region with wide flanges; and a
duct whose basal parts are modified by partial invagination to form a complex,
dilated region. The form of this differs slightly in the three species, the cuticular
parts being somewhat more fused in Sehirus and Macrocytus than in Thyreocorts.
In all cases it is evident that this sbructure is of the same type as that found in
the Pentatominae (and some other subfamilies of the Pentatomidae) but the
modification of the duct in the Cydnidae is of a lesser degree.

The bulbus and associated glands of the male reproductive organs of Sehirus
are very complex, probably even more so than those of the Pentatominae.
They are, nevertheless, of the same type, ectadenes and an ectodermal sac
being present.

To sum up this evidence on the question of the status of the Cydnidae,
it can be stated that, in the form of the spermatheca and the male reproductive
organs, affinities with the Pentatominae are indicated. However, the differences
seem to be of sufficient degree to suggest (when considering these characters
only) family status for the group.

5. The Pentatomidsae.

There is little agreement amongst authors on the status of the groups to
be considered below. Such is the disagreement that in some cases it is a question
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of considering whether a group should have tribal, subfamily, or even family
status.

Pentatominae.

The spermathecae and male reproductive organs of several species of this
group have been examined and their form found to be very constant.

The spermatheca is characterised by a complex dilation which extends
over most of the length of the spermathecal duct. This is formed by the mvagina-
tion of the apical within the more proximal parts of the duct. Themale repro-
ductive organs are also distinctive. The bulbus ejaculatorius is very complex
and provided with tubular ectadenes and an ectodermal sac or sacs.

It is not intended to discuss the status of the group at this point. Some other
subfamilies have very similar reproductive organs and discussion is deferred
until these have been considered.

4 o ‘
Graphosomatinae, Asopinae, Discocephalinae, Phyllocephalinae.

The spermathecae of these groups have the same features as those of the
Pentatominae. The male reproductive organs of the Graphosomatinae are of
the same type as those of the Pentatominae.

The spermathecae of the remaining subfamilies which have been examined
differ considerably from those of the five groups noted above. Because of the
uniformity in the spermathecae and in the male reproductive organs (where
these have been examined), it is suggested that the five groups Pentatominae,
Graphosomatinae, Asopinae, Discocephalinae and Phyllocephalinae might be
regarded as constituting a group somewhat removed from the other subfamilies.
Such a system would involve either the lowering of the status of these five
related groups to tribal level, or raising that of the remaining subfamilies
to family level. This will be discussed at the end of the section. Unfortunately,
the amount of published information on the comparative morphology of the
groups is small, so that until other studies have been carried out it will be
difficult to assess with certainty the value of the conclusions reached here. As
far as can be ascertained from the literature on the wing venation (Kirkaldy,
1909), the form of the egg and the egg burster (Esselbaugh, 1946 ; Miller,
1934 ; Heymons, 1906 ; Kobayashi, 1951; Leston, 1953¢) and the male
genitalia (Singh-Pruthi, 1925), they form a distinct group. It is of interest
that Singh-Pruthi included in his Pentatominae group only the five subfamilies
under consideration here. Leston (1953a), in defining in detail the Podopinae
(for a discussion on the nomenclature of this group see Leston 1953¢ and b),
has shown that there is evidence of close relationship between this group and
the Pentatominae. While claiming subfamily status for it, he has noted that
it differs from the Pentatominae so slightly that it is probable that subsequent
research will lead to a drop in its rank.

Scutellerinae.

Although it is usually placed as a subfamily of the Pentatomidae, Reuter
(1912) regarded this group as of family status, a practice followed by Van
Duzee (1917). Reuter remarked that the Scutelleridae differ without doubt
as much from the other Pentatomidae as do the Urolabidae. Kirkaldy (1909),

white
the

win

]

s

oetg £

place
tom
and i
Peny;

g
i

They
show
type
duet.
by a
large
the g
in th
thin-

f{?
lering
Penty

#" Dinie
K
the v
differ
talia
the e
T
excey
of otl
short
T

whiel

Tessa

It
Dupu
separ
abdoi
the el
(in co
like tl
The ¢
egg-b

E.

the s]
saratc




ven family

ies of this
.

h extends
> Invagina-
nale repro-
y complex

Sjome other
s deferred

ose of the
nae are of

examined
wuse of the
wns (where
tatominae,
- might be
ubfamilies.
these five
subfamilies
ortunately,
ogy of the
it will be
d here. As
(Kirkaldy,
6; Miller,
the male
of mterest
subfamilies
Podopinae
3¢ and b),
group and
noted that
subsequent

ae, Reuter
d by Van
out doubt
Idy (1909},

St s

Heteropiera with a consideration of thew bearing on classification - 5B

while keeping the group as a subfamily, showed that they are separated from
the Pentatominae, Phyllocephalinae, and Asopinae in the venation of the
wing. Singh-Pruthi (1925) noted that there is a scutellerine type of male
genitalia. Leston (1954), from studies on the wing venation and aedeagus,
placed the Scutellerinae, Tessaratominae and Phloeidae apart from the Penta-
tominae. However, he found that in the characters of the eighth male segment
and second abdominal spiracle the Scutellerinae showed similarities with the
Pentatominae.

The male reproductive organs are similar to those of the Pentatominae.
They differ only in the absence of ectodermal sacs. The spermathecae, however,
show no affinity with those of the Pentatominae. They are of the pentatomoid
type but differ from those of the Pentatominae in the form of the spermathecal
duct. Most of the spermathecae of Scutellerinae examined are characterised
by a long, tubular apical bulb, a long pump region, and especially by a very
large, ovoid or spherical heavily sclerotised and deeply pigmented dilation of
the spermathecal duct. This dilation is not formed by invagination, as is that
in the Pentatominae. One spermatheca did not have this form, the duct being
thin-walled and the dilation saccular and unselerotised.

Thus, on the character of the spermathecae, it is suggested that the Scutel-
lerinae might rank as a group separate from that of the five subfamilies with the
Pentatominae type of spermatheca.

" Dinidorinae.

Kirkaldy (1909) separated the Dinidorinae from the other subfamilies on
the venation of the wing. Miller (1934) shows that the eggs and egg-burster
differ from those of the Pentatominae. Singh-Pruthi classified the male geni-
talia as of the tessaratomine type. Leston (1954) has shown that this is not
the case.

The spermatheca of the species examined by the writer is unique and,
except for having a pentatomoid pump region, shows no similarities with those
of other groups. It is large and lined with a very thick, firm cuticle. It has a
short, wide duct which bears a very long, wide, tubular diverticulum.

Thus the evidence from the spermatheca confirms the independent status
which the group is usually given.

Tessaratominae.

It is generally agreed that this group merits subfamily status, although
Dupuis (1953), without giving his reasons, has regarded it as a family. Kirkaldy
separates it from the other subfamilies on the character of the exposed second
abdominal spiracle. Leston (1953¢ and 1954) has shown that, as in Phloeq,
the eighth segment is large and complete and its spiracles are large and functional
(in contrast to the condition in the Pentatominae). He also notes that the wings,
like those of the Phloeidae, show certain characters, which he regards as primitive:
The eggs described by Miller differ from the Pentatominae type, as does the
egg-burster.

Except in the case of the one species (a member of the tribe Oncomerini)
the spermathecae examined (from the tribes Eusthenini, Natalicolini and Tes-
saratomini) have a common pattern. The main features are an ovoid or
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spherical bulb, prominent pump region and a duct which has an ovoid, sclero-
tised dilation whose chitinous lining is sculptured in a characteristic fashion.
Basally the duct is wide and the lining marked with annular thickenings.
The vaginal intima at the point of entry of the duct bears massive sclerotisations.
In the species from the Oncomerini the duct has an apically-placed saccular
diverticulum.

The character of the spermatheca, therefore, would suggest that the Tess-
aratominae should be regarded as an independent group and with a status equal
to, for example, the Scutellerinae.

A canthosomainae.

This group has been given, by different authors, the status of tribe, sub-
family and family. The general opinion of systematists is that it should have
subfamily rank within the Pentatomidae. However, Kirkaldy (1909) treated
the group merely as a tribe. Dupuis (1948) raised the group to family rank,
but as this was done in a footnote to a paper on heteropteran parasites, few
reasons are given. Recently Leston (1953d) has considered a range of characters
and is of the opinion that it merits family status. In addition to the two seg-
mented tarsi, the ventral spine and the carinate mesosternum (not all possess
the last two characters), there are other characters which help to distinguish
the group. These are: the aedeagus (distinet from the Pentatomine type)
{(Singh-Pruthi, 1925, and Leston, 1953d) ; the complete eighth segment in the
wmale (Baker, 1931); the egg (without a cap, tubercles, egg-burster and with
longitudinal splitting on hatching) (Myers 1926, MacGill, 1942) ; the abdominal
setose organs (Pendergrast, 1953); and the bacteria-smearing organs of the
female (Rosenkranz, 1939 ; Pendergrast, 1952 ; Carayon, 1952¢).

The male reproductive organs differ from those examined in all other
groups of the Pentatomoidea. Mesadenes are present, but there are no ectadenes
or ectodermal sacs associated with the bulbus. Thus, they are similar to the
organs found in many other Trichophora (outside the Pentatomoidea) and
especially those of the Pyrrhocoridae. The spermatheca is simple also. There
is an apical bulb, a pentatomoid type of pump region and a duct with a swollen
spirally-twisted base.

Therefore, this evidence suggests that the group merits status higher than
that of a tribe of the Pentatominae. The simple reproductive organs would
also suggest some affinities with Trichophora outside the Pentatomoidea. This
would support Dupuis’ opinion that the group is primitive, an opinion with
which Leston (1953d) does not agree.

6. The status of the groups of the Pentatomoidea.

Amongst the diversity of types of reproductive organs in this superfamily
there are certain groups in which the spermathecae and male reproductive
organs (where they have been examined) are all of the same type (Pentatominae,
Asopinae, Graphosomatinae, Discocephalinae, Phyllocephalinae). Apart from
these there is a collection of families and subfamilies all with characteristic
reproductive organs, clearly pentatomoid (except for the Urolabidae), but unlike
those of any other group.
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Therefore, the suggestion is that, should other evidence bear out this con-
clusion (as it has in the Acanthosominae), all these groups with the non-
Pentatomine type of reproductive organs deserve equal status; e.g. it is
considered that the reproductive organs of the subfamily Tessaratominae are
as distinct from the Pentatominae as are those of the family Plataspidae.
In fact, in the case of the Acanthosominae and the Cydnidae, the organs of
the latter group show considerably more affinity with the Pentatominae than
do those of the Acanthosominae. The question whether these groups should
be of family or subfamily rank is beyond the scope of this study, since it would
require an extensive knowledge of the other families of the Trichophora. In
any case, however, it is considered that, on the evidence of the spermatheca,
the Urolabidae deserve to rank as a separate family.

The conclusions can be illustrated in the following scheme ——

(@) Of definite family status :

Urolabidae.
(b) A single group consisting of :
Pentatominae. # Discocephalinae.
< Asopinae. < Phyllocephalinae.
+ Graphosomatinae.

(¢) The remaining groups, each of equal rank with the whole of group (b) :

Scutellerinae. Cydnidae.
» Tessaratominae. Phloeidae.
Acanthosominae. Plataspidae.

v Dinidorinae.

VIII. Tue Varur or THE RePrODUCTIVE ORGANS IN CLASSIFICATION.

The preceding discussion has shown that, when the grouping of the families
and subfamilies on the characters of the reproductive organs is compared with
the systems of classification of several authorities, agreement is observed in
some groups, disagreement in others. It is obvious that no final assessment of
the value of the reproductive organs in systematics will be possible until those
other characters, on which the usual systems of classification are based, are
subjected to detailed investigation throughout the suborder. As it is, the
writer would claim that a case has been made out for further investigations of
the form of the reproductive organs in many more genera, both in groups where
the taxonomy has been intensively studied and in others, such as the Coreidae,
where a considerable amount of taxonomic investigation remains to be done.

From the point of view of the taxonomist, the spermatheca is obviously
of more use than the male reproductive organs as it can be studied from dried
material. Finally, it might be pointed out that even where the spermatheca
is shown to be of little value in the systematics of the higher groups, it may
possibly be of use at generic level. The study of the organ in fourteen genera of
Lygaeidae indicates that this is the case.
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IX. Tur GrouriNg oF THE FAMILIES ON THE KVIDENCE
OF THE REPRODUCTIVE ORGANS.

A. HYDROCORISAE.
Notonectidae, Pleidae, Helotrephidae, Gelastocoridae.
Nepidae, Belostomatidae.
Naucoridae, Aphelocheiridae, Ochteridae, Corixidae.

B. AMPHIBICORISAE.
Gerridae, Hebridae, Hydrometridae, Mesoveliidae, Veliidae.

C. GEOCORISAE.
Reduviidae, Phymatidae, Tingidae.
Cimicidae, Anthocoridae, Polyctenidae, Microphysidae, Miridae, Nabidae,
Velocipedidae.
Saldidae, Leptopodidae, Aépophilidae.
Coreidae.
Berytidae.
Aradidae.
Pyrrhocoridae.
Pentatomoidea (see conclusion to Part VII).

Geocorisae of uncertain position :-—

Lygaeidae, Colobathristidae, Piesmidae, Cryptostemmatidae, HEnico-
cephalidae, Dysodiidae.

X. SuMMARY.

1. The female reproductive organs, especially the spermatheca, have been
studied in thirty-five families of Heteroptera. Information from the literature
on eight other families has been included.

2. The male reproductive organs from twenty-five families have been
described, and further mformation from the literature on eight other families
has been added.

3. The study demonstrated that :

(o) In the female, the spermatheca (or when it is absent, the type of fecunda-
tion and the form of the bursa copulatrix) are of most interest when considering
the bearing on classification ;

() in the male the characters of interest are the presence or absence of a
complex bulbus ejaculatorius, the accessory glands, and the number of testis
follicles.

4. The systems of classification of the Heteroptera by several authorities
have been examined in the light of evidence from the reproductive organs :

(@) To attempt to assess the values of the organs in systematics ;

() to provide the evidence in a convenient form, should it be required for
use without evidence from other characters in future attempts at classifying the
Heteroptera.

5. The study suggested that, on reproductive characters :

(@) There is a division of the suborder into three major groups (Hydro-
eorisae, Amphibicorisae, Geocorisae) ;
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(b) certain families form groups corresponding in. large measure with
generally accepted superfamilies ; e.g. Cimicoidea, Gerroidea, Pentatomoides,
Notonectoidea. Other groups show little correspondence.: Final assessment
of the validity of these groups, and of the value of the reproductive organs in
systematics, 13 impossible until other taxonomic characters are subjected to
detailed study.

6. The Pentatomoidea was treated at family and subfamily level. The
Urolabidae show some affinities outside the Pentatomoidea.. Of the other
families and subfamilies, some (e.g. Cydnidae, Acanthosominae, Scutellerinae
and others) appear to merit equal rank with each other and with the whole of
a group including the Pentatominae, Graphosomatinae, Asopinae and others;
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X1I. Key To LETTERING OF FIGURES.

Figures 1-71 (Female organs).

ag, accessory gland.

at, apical tube of the spermatheca.

av, aperture opening from the sperma-
theca into the vagina.

b, spermathecal bulb.

co, common oviduct.

d, spermathecal duect.

dd, distal part of spermathecal duct.

dl, dilated portion of spermathecal
duct.

dp, proximal part of spermathecal
duct.

ds, sac-like outgrowth of spermathecal
duct.

e, egg.

ep, epithelium.

[, funnel-like ducteole.

Je, fecundation canal.

fd, distal flange of pump.

f1, flange of pump.

Jp, proximal flange of pump.

g, secretory cells or secretory cell
layer.

%, cuticular intima.

m, muscle.

o, lateral oviduct.

op, ovipositor.

p, spermathecal pump.

r, rectum.

s, spermatozoa.

s¢, sclerotised muscle attachment.

sl, sculpturing of the cuticle.

sp, spermatheca.

st, region responsible for the storage
of sperm.

t, thickening of vaginal intima.

v, vagina or vaginal wall.

ve, vaginal epithelium.

v1, vaginal intima.

vp, vaginal pouch (* Vaginaltasche ”
of Larsén).

z, intermediate part of the sperma-
theca, or ° Zwischenstiick” of
Larsén.

Figures 72-122 (Male organs).

b, bulbus ejaculatorius.

d, ductus ejaculatorius.

eg, ectadene accessory gland.

ep, epithelium.

epy, outer epithelium of the. bulbus
ejaculatorius. - This' is" continuous
with the epithelium of the ductus
ejaculatorius.

€py, epithelium * within - ep, “which
partially or completely surrounds
eps.

epg, epithelium lining the lumen of the
bulbus.

er, reservoir of the ectadene gland.

es, sac of ectodermal origin. Epithe:
lium is continuous with ep; of the
bulbus.

g, accessory gland:

gd, duct of accessory gland.

%, cuticular intima.

m, muscle.

myg, mesadene accessory gland.

mgy, paired glands.

mgs,, unpaired glands.

mr, mesadene reservoir.

P9, pygophor.

pm, peritoneal membrane.

s, sperm.

se, secretion.

se;, dense compacted layer of secretion,
often refractile and having the
appearance of a cuticular layer.

t, testis.

t1s 95 etbc., testis lobes:

v, vas deferens.

ve, vas efferens.

vg, glandular portion of vas deferens.

vs, vesicula seminalis.




