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Studies in the comparative anatomy and systematic
importance of the hexapod tentorium,

ll. Dermaptera, Embioptera and lsoptera*

by
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Zooiogy Dept., Rhodes University College, Grahamstown,

Material

The following species were selected and examined :(—

Dermaptera: Picrania liturata Stal.  Forficule senegalensis Serv.
M.ti’,v())chelia’wa peringucli Burr,  Hemimerus hansensi Sharp (slide
only).

Isoptera: Hodotermes mossambicus subsp.  Howilondi Sharp.
Termes sp. Termes incertus Hav., Termes trinervins Hav., Masto-
termes darwiniensis Frogg.

Embioptera: Haploembia capensis Esb, Pet.  Oligotoma sp.
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Technique

Specimens were placed overnight in a warm 5% caustic potash
solution. They were then rinsed and preserved in 70% alcohol. Specimens
were examined under a Zeiss binocular dissecting microscope. Mouth-
parts were removed, thus facilitating the examination of the tentorium,
which is seen to the greatest advantage from the posierior or postero-caudad
aspect. The specimens were examined in 70 alcohol, cedarwood oil,
or glycerine. The following stains were used: Alcoholic ILosin, Azo-eozin,
dilute Azo-black, Haemalum and Kernschwarz. Of these, Haemalum and
Kernschwarz were the most satisfactory. Experiments with a saturated
todine solution in 70% alcohol gave excellent results and greatly improved
definition of ocutline of parts under examination., Specimens can be
examined in this solution, or the solution may be further diluted by 70%
alcohol. Specimens used for dissection were fixed for six hours in

* For Paper I see Journ. Ent. Soc. 8. Africa. Vol. VIIL
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warm Diedrich’s solution {Formula: 409 Formalin, 12 ccs., 95% Alcohol,
30 ccs., Glacial Acetic Acid, 2 ccs., Distilled water, 60 ccs.) and then
transferred to 70% Alcohol. Drawings were made with the aid of a
camera-lucida attached to a Leitz microscope.

DERMAPTERA

In the Dermaptera, the head is prognathous and an additional selerite
or gula is developed behind the submentum. The head is depressed: the
antennal sockets are placed far forwards on the head, above the bases
of the mandibles. The compound eyes are antero-laterally placed, so that
there is a small genal area, but the post-ocular region of the head is
well developed. The mouth-parts are forwardly directed and the long
axis of the head is siightly inclined ventrally, so that the occipital foramen
lies in a pustero-ventral position, The dorsal elongation of the post-ocular
region of the head has been accompanied by a corresponding elongation
of tire ventral region, so that the base nf the labium has elongated between
the post-genae and an additional plate calted the gula or guliform selerite
(Hansen, 1930 = praementum) has been formed immediately behind the
submentumn and the posterior tentorial pits, As this plate lies behind
the posterior tentorial pits in the Dermaptera, it caunot be considered
a part of the submentum but, as suggested by Waiker (1933, p. 313),
it should be regarded as a secondary sclerotization of the anterior part
of the cervical membrane which has become stretched owing to the anterior
position of the mouth-parts.

The tentorium in the Dermaptera is X-shaped, and the cephalic
portion may be elongated and enlarged (Yuasa, 1920). The anterior
{entorial arins arise from the anterior tentorial pits, which are located
immediately below the antennal sockets on either side in the epistomal
suture. The apices of the anterior tentorial arms are broad and well
developed and ottter marginal curvate expansions at the apices of the
anterior tentorial arms produce wedge-shaped platforms which are firmly
connected on either side to the head capsule along the ventral rim of the
antennal ridge. (See Figs. I, II, ata.) The two anterior tentorial arms
converge gradually and then unite to form a broad anterior portion to the
body of the tentorium,

The body of the tentorium is elongated and the broad anterior portion
becomes slightly constricted behind the dorsal arms and tapers to the
narrow posterior of the body of the tentorium, (See Tigs. I, 1I, bt.)

From the anterior dorso-lateral margins of the body of the tentorium
and immediately behind the union of the anterior tentorial arms, plate-like
expansions of the body of the tentorium occur. These are the dorsal
arms which taper as they pass upwards and outwards to broaden at
their points of attachment to the head-capsule in the inter-ocular region,
a little removed from the inner median border of the circum-ocular ridge.
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Hudson: Hexapod tentorium.

Externally, the two places of attachment of the dorsal arms to the epicranial
walls are located by two dark semi-circular markings on the head-capsule.
These are termed the tentorial maculae by Snodgrass (1935, p. 110).

The posterior tentorial arms originate from the posterior tentorial
pits, which lie in the extremities of the post-occipital suture. These pits
are tounded and not elongated. The posterior tentorial arms are short,
meeting almost transversely to form the posterior body of the tentorium.
(Sce Iigs. T, 11, pta)

It was not possible to obtain material of the families Arexeniidae
and Apachydae and only a slide-specimen of Hemimerus hanseni Sharp
was available, Jordan [1909 (a}, p. 321] states thal the tentorium of
Arizenia is simular to that of Forficula, except that its anterior half is
much shorter. In the same paper, he states that Hemimerus also has a
tentorium of the same type. Hansen (1894) does not give any details
of the tentortum of Hemimerus talpoides Walk,, and Jordan [1909 (b),
p. 329] in his paper on the anatomy of this insect merely repeats his former
stateinent that the tentorium of Hemimerus telpoides resembles the
tentorium of earwigs and Arizenta

EMBIOPTERA

The Embioptera have an oval prognathous head. The eyes are
placed far forward and, according to Walker (1933, p. 313), they are
very like those of Grylloblatta in form, size and position, The antennae
are likewise antero-lateral in position. The post-ocular region of the head
is markedly developed, while the genal area is reduced. An additional
sclerite has developed in the cervical membrane posterior to the base of the
labium, and has become completely fused with the margins of the post-
genae. This sclerite or plate cuts off the occipital foramen from the
posterior tentorial arms and has been termed the gula plate but, although
it performs the same function, it cannot be regarded as a true gula.

The anterior aring of the tentorium arise from the anterior tentorial
pits, which occur slightly mesad and below the antennae, on either side,
in the epistomal suture. The anterior tentorial arns are fan-shaped or
expanded at their points of origin and the broad anterior elongately
triangular platform Is curvately attached to the outer lateral rim of the
antennal ridge. (See Figs. III, IV, ata.) FEach anterior tentorial arm
is directed caudo-mesad, then exlends to the mieson to unite with the
other anterior tentorial arm in the anterior body of the tentorium. The
body of the tentorium is short and rectangular, while the lateral margins
are inwardly curvate. There is no median aperture in the body of the
tentorium. The dorsal arms arise as marginal outgrowths of the body
of the tentorium and occur at the bases of the anterior tentorial arms,
They are tendnnous processes, which expand and flatten hefore becoming
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attached to the head-capsule on the anterior aspect of the antennal
ridge. (Figs. III, IV, da.)

The posterior tentorial arms are very well developed; they arise
from the posterior tentorial pits and proceed inwards for some distance
before coalescing mesally to form the posterior of the body of the
tenforium. Thus the posterior arms are arcuate and not transverse, The
ventrai aspect of the head-capsule is modified here; the occipital suture
divides the gena from the post-gena and extends on either side to end
hetween the peints of articulation of the mandibles. The post-genal arca
is a slightly concave depression and it is in this area that the two posterior
tentorial pits occur, Le., behind the subinentum, where the post-genae abut
on the anterior border of the gula region. The two posterior tentorial
pits occur as transverse pits and not as longitudinal slits, clearly indicating
that the elongation of the head capsule in the Embioptera has taken place
behind the region of the posterior tentorial pits.

ISOPTERA

The Isoptera possess a prognathous head. In the worker and
reproductive castes the head is ovoid or rounded. In the soldier caste it is
oblong or pyriform in shape and may be larger than the thorax and
abdomen together.

The mouth-parts are forwardly directed and the occipital foramen
has become postero-ventrally inclined to a small degree. In the soldier
caste, however, the vertical position of the occipital foramen has been
retained, the ventral and dorsal regions of the head-capsule having
elongated equally, thus obviating the necessity for a change in position
of the occipital foramen. The elongation of the ventral surface of the
head has resulicd in a considerable stretching of the submentum in the
region of the postertor tentorial pits. These pits have consequently lost
the form of rounded depressions and have become drawn out into slits.
As indicated by Walker (1932, p. 3179, the prolongation of the submentum
has not resulted in the separation of a true gula region, for the submentum
remains undivided by any suture. Snodgrass (1935, p. 126) also shows
that, though the structure of this part of the termite head is similar to
that in the Coleoptera, it is not identical with the usual gular structure
in this order. Macropterous forms possess compound eyes which are
antero-laterally placed, but in the reproductive castes eyes may be greatly
reduced. The antennae are widely scparated and arise {rom shallow
fossae situated immediately above the articulation of the mandibles. The
genal area of the head has suffered reduction, but the post-genae are
elongated.

The anterior tentorial pits are located on either side of the epistomal
suture, below and laterad of the bases of the mandibles. IFrom these pits,
the anterior tentorial arms arise. ach arm is widely expanded anterioriy,
forming a wedge-shaped platform which is firinly attached to the head-
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capsule along the antero-lateral margin and which extends in a curvate
manner to the rim of the antennal ridge. (See Tigs. V. VI, VII, ata.)
The anterior tentorizl arms are posteriorly directed towards the median
plane of the head. Xach arm is triangular in shape and becomes slightly
twisted, before it fuses with the other antertor tentorial arm, to form
the distinct anterior bridge or frontal plate of the tentorium. Walker
{1933, p. 317) states that {he basal portions of the anterior tentorial
armg are united by a thin anterior bridge. This dotbtless refers to the
thin plate-like structure, for the width of the bridge is considerable. The
ventral surface of the frontal plate ie medianly carinate,

The dorsal arms of the tentorium in the Isoptera are often difficult
to locate. These arms arise as triangular expansions of the dorso-lateral
margins of the frontal plate, at the bases of the anterior tentorial arms.
(See Figs. V, VI, VII, da.) The dorsal anns are thin, transparent,
linear processes, which become attached to the head-capsule on the margin
of the antennal ridge or in the mter-ocular region. Ior examination
and location of the dorsal arms, especially in the worker caste, the writer
recorniends examination of specimens in a saturated iodine solution in
70% alcohol, this medium inproving definition of outline.

The body of the tentorium is rectangular in shape and is medianiy
perforated by an aperture through which circum-oesophageal connectives
pass. This aperture is bounded anteriorly by the frontal plate and hehind
by the posterior bridge of the body of the tentorium. {See Figs. V, VI,
VII, ma.) In the soldier caste the posterior tentorial pits occur as grooves
at the sides of the “ gular *’ region of the labium (Snodgrass, 1935, p. 126).
In the other castes the posterior tentorial pits are located in the extremities
of the post-occiput.

I'rom the posterior tentorial pits the broad posterior arms of the
tentorium arise and meet transversely to form the posterior bridge of
the tentorium which, in soldier termites, iz well developed. (Figs. V. VI,
V11, pta.)

The posterior bridge of the tentorium, as pointed out by Snodgrass
(1935, p. 116), forms a long roof-like structure over the basal part of
the labium.

Conclusions.

TFFrom a study of the tentorium in the Dermaptera, there is little
to commend any association of the Dermaptera with the Embioptera
or the [soptera. The body of the tentorium of the Dermaptera lacks
the median aperture which is a characteristic feature of the Isoptera.
The tentorium of the Dermaptera is considerably longer than that of the
FFmbioptera and the posterior tentorial arms of the Dermaptera meet
transversely, whereas in the Iimmbioptera the posterior tentorial arms
proceed inwards for some distance before uniting mesally to form the
posterior body of the tentorium. There have been speculations as to
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the affinitics of the Dermaptera and the Dictvophora, but a study of the
tenttorium shows no striking features which would recommend such an
assumption. Walker (1933, p. 313) states that in the general form of
the head-capsule, including the tentorium, Grylloblatta is distinctly
dermapteroid, or at least forficuloid. Unfortunately, the writer has no
material of Grylloblatta for confirmation of this statement, but from a
study of Walker’s diagram (1931, Plate T, p. 533) it appears that the
tentorium of Grylloblatta s strikingly similar to that of the Dermaptera
and in both the dorsal arms are attached to the head-capsule in the inter-
ocular regions.

The tentorium of the Embioptera bears no striking resemblance to
that of the Dermaptera or the Isoptera. The anterior tentorial arms
are expanded apically at their poinis of origin, but narrow considerably
before coaleseing to form the anterior body of the tentorium, The dorsal
arms are poorly developed tendonous cutgrowths fused with the anterior
tentorial arms, The dorsal arms are anteriorly attached to the antennal
ridge. The body of the tentorium, as pointed out by Walker (1933, p. 314),
is more nearly rectangular than in Grylloblatta and Dermaptera. The
body of the tentoriuin further lacks the conspicuous median aperture
of the Tsoptera. The posterior tentorial arms are well developed and
differ from those of the Dermaptera and lsopiera, for they proceed
inwards for some distance before uniting mesally to form the posterior
hody of the tentorium. In this feature, the Embioptera differ widely
from the Dermaptera and Tsoptera where the posterior tentorial arms
are almost transverse. There is no strong evidence to support an associa-
tion of the Embioptera with the Phasmida, Dictyophora or Saltatoria
previously studied. Furthermore, the Imbiopteran tentorium leaves
nothing to suggest a rclationship with the Dermaptera or Isoptera. From
a preliminary study of the Plecoptera, it is evident that the Embiopteron
and Plecopteron tentoria show distinet similarities, but these will be
considered in a future communication.

The tentorium of the Tsoptera is very striking in that it closely
resembles the tentorium of the Dictyophora previousty studied. In both
the Blattidae and Isoptera, the anterior teniorial arms are widely expanded
and are united hy a transverse band forming the irontal plate of the
tentorium. The dorsal arms are difficult to locate, being delicate tendonous
strands which arise as thin triangular expansions of the body of the
tentorium, tmmediately posterior to the bases of the anterior tentorial
arms. In some Isoptera and in Dictyophora, the dorsal arms are attached
to the margin of the antennal ridge. The tentorium of the Isoptera
further resembles that of the Dictyophora in the presence of a median
aperture in the body of the tentorium. This aperture is bounded anteriorly
by the frontal plate and posteriorly by the bridge formed by the union
of the weil-developed, somewhat transverse, posterior tentorial arms. The
median aperture is a pronounced feature of the Isopteran tentorium, which
15 shared with the Dictyophora previously studied and therefore provides
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substantial morphological evidence for linking the Isoptera with the
Dictyophora — an association which has been much speculated upon by
previous authors, Wheeler (1931), Walker (1933), Crampton (1932},
Scott (1929), Imms (1934) amongst various others.

The tentorium i the Dermaptera, Embioptera and Isoptera reveals
that the three groups show no immediate relationship to each other, but
the tentorium of the Isoptera provides further important evidence for
associating the Isoptera with the Dictvophora. In a former paper on a
study of the tentorium in orthopteroid hexapoda (Hudsan, 1945), the
writer indicated that the orthopteroid hexapoda could be divided into:—

Group 1. Phasmidae,

Group 2. Dlattidae and Mantidae.

Group 3. Saltatoria.

From a study of the tentorium in Dermaptera, Embioptera and
Isoptera, it is thercfore suggested that these insects be grouped in the
following manner :—

Group 1. Phasmidae.

Group 2. (a) Blattidae and Mantidae.

(b) Isoptera.

Group 3. Saltatoria.

Group 4. Dermaptera,

Group 5. Embioptera.
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Figs. 1 and 2. — Dermaptera: ventro-caudad aspect of head-capsule with mouth-
parts removed. Fig. 1: Forficuls sonegalensiz Serv. Fig. 2: Picrania
liturata St. a: antenna; ass: position of antennal ridge; ata: aAnterior
tentorial arm: bt: hody of tentorium; ce: compound eye; da: dorsal arm;
es: epistomal suture; esf: external surfoece; is: internal surface; ma: median
aperture; of: occipital foramen; o: ocellus; pta: posterior tentorial arm,
ptp: posterior tentorial pit.

Figs. 3 and 4. — Embioptera: ventro-caudad aspect of head-capsule with mouth-
parts removed. Fig. 3: Hoploembia capensis Esh. Pet. Fig. 4: Oligotoma
sp. Abbreviations as in previous figures.

Figs. 5-7.— Isoptera: ventro-caudad aspect of head-capsule with rmouthparts
removed. Fig. 5: Termes sp., winged form. Fig. 6: Termes incertus Hav,,
worker. Fig, 7: Hodotermes moussambicus sub-sp. Hawvilaendi Sharp, soldier.

Abbreviations as in Fig. 1.
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Studies in the comparative anatomy and systematic
importance of the hexapod tentorium

I1f. Odonata and Plecoptera
by

GerDpa BrLanp Hupsowr, M.Sc.,, F.RES.

ODONATA.

Maierial:
The following species were selected and examined:

Aeschna sp. (larva)., Anax sp. (larva). Orthetrum sp. Helo-
themis dorsalis Rambur. Chlorolestes foseiata Burm, (adult and
larva}. Crocothemis sanguinolenta Burm. Sympetrum fonscolom-
bei Selys. Aeschna minuscula MacLach, Rhyothemis semi hya
Iina. Ceriggrion glabrum Burm. Pantala flavescens Fabr. Cro-
cothemis erythraea Brulle. Allocnemis leucosticta Selys. Gen.
Pseudagrion Selys.
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Larva:

Dragon-fly larvae are exclusively acquatic and inhabit a variety
of fresh-water situations. Some remain concealed in mud, others
live among weeds or hide under stones. These larvae are predaceous
and feed upon various forms of life encountered in the water.
The larvae of the Odonata are campodeiform and the head is
hypognathous, the latter condition being common, according to
Walker (1932) among such carnivorous insects as await the approach
of their prey, and seize it with prehensile structures. In the Odonata,
the larva possesses a remarkable structure called the mask, which
15 exclusively used for the capture of prey. The mask is a modifica-
tion of the labium, for prementfum and postmentum are elongated
and freedom of movement allowed between the two parts. The
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a caudomesal direction narrowing slightly, and then expanding
along the mesal margin until the two anterior tentorial arms fuse
in the body of the tentorium. About mid-length on the ventral
surface of the anterior tentorial arms, tendonous outgrowths occur
{Figs. 1—3, 1.). There is usually one outgrowth on each arm and the
shape of this outgrowth varies considerably; it may be linear, or
spatulate or irregular in shape, and is usually a very delicate
structure.

A short distance before their union in the body of the tentorium,
dorsal projections arise from the latcral margins of the anterior
tentorial arms; these projections are the dorsal arms, and they may
be considerably expanded at their peripheral ends (Figs. 1—3, da.).
They extend forward and usually become attached to the dorsal
surface of the head on the antennal ridge, e.g. Aeschna sp. However,
the point of attachment of the dorsal arms to the head-capsule, is
variable in the larval forms of the Odonata, for in some cases,
attachment of the dorsal arms may occur on or close to the ocular
ridge, e.g. Ancx sp.

The short body of the tentorium is posteriorly placed and
borders the occipital feramen (Figs. 1—3, bt.). Ventrally on either
side of the median line of the body of the tentorium, ecircular or
semi-circular markings occur. These markings may also occur as
small rounded chitinous projections of the body of the tentorium and
are somewhat characteristic of the tentorium of the larva (Figs.
1—3, m.).

The posterior tentorial pits are deep depressions occuring in
the extremities of the post-occipital sutures (Figs. 1—3, ptp.) and
these pits give rise to the posterior tentorial arms (Figs. 1-—3, pta.).
The latter are stout, transverse bars, which lend firm support to the
occipital region of the head and meet in the body of the tentorium.

Adult:

In the adult Odonata, the head has become highly modified in
correlation with the great development of the compound eyes. In
the Anisoptera the compound eyes meet mid-dorsally and occupy
the greater part of the dorso-lateral region of the head-capsule. In
the Zygoptera the eyes are smaller, rounded, and occur laterally on
the transversely elongated head. There are three ocelli in the inter-
ocular area which is large in the Zygoptera, but considerably reduc-
ed in the Anisoptera. The short antennae are forwardly extended.

Abreviations used in figuras:

sta—anterior tentorial arm; atp.—anterior tentorial pit; bt.—body of tento-
rium; c.—c¢ut; da—dorsal arm; is-—internal surface; m.—marking; of.—
occipital foramen; pta.—posterior tentorial arm; ptp.—posterior tentorial pit;
scp.—semi-circular projection; f.—lendonous outgrowths (anterior tentorial
arm); tp.—tendoncus cutgrowth (body of the tentorium).
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The biting mouthparts are ventral in position and the head repre-
sents the hypognathous condition. Walker (1932} states that
hypognathism developed as the insect acquired the habit of seizing
its prey during flight and of using its legs for perching. He notes
that this is seen among Carhoniferous insects in the Megasecoptera
and even among the Palaeodictyoptera, and he refers to its presence
in the extremely isolated but still existing orders, Odonata and
Ephemeroptera.

The tentorium in the adult Odonata is well-developed and some-
what pi-shaped. The anterior tentorial arms are apodemes arising as
invaginations from the anterior tentorial pits, the latter being
iocated in the subgenal sutures above the bases of the mandibles,
(Figs. IV—VII, atp,). Tillyard (1917) describes the position of the
anterior tentorial pits as occurring in the two ends of the frontal
furrow.

The anterior tentorial arms are well-developed (Figs. IV—VII,
ata.). At their roots they are expanded to form a wedge-shaped
supporting platiorm for the head-capsule. From their points of
origin on the head-capsule, the anterior tentorial arms proceed
inwards, tapering and converging to meet posteriorly in the body of
the tentorium. As in the larva, the ventral surface of each anterior
tentorial arm carries one or more vairs of tendonous outgrowths of
variable shape (Figs. IV-—VII, t.). In some cases the mesal or lateral
margins of the anterior tentorial arms may develop slight expansions
or projections (Figs. IV—VII, pr.). About mid-length, the lateral
margins of the anterior tentorial arms develop secondary out-
growths, the dorsal arms which extend towards the head-capsule,
where they become attached on or near the antennal ridge (Figs.
IV—VII, da.).

In a description of the tentorium, Tillyard (1917) considers the
endoskeleton to be formed of four pieces of endosternites, but he
does not mention the presence of dorsal arms. It is possible, how-
ever, that owing to the great development of the dorsal arms in
some genera, these structures may have been regarded by Tillyard,
as the expanded bases of the anterior tentorial arms, encircling the
antennal ridge. The body of the tentorium is short and narrow
(Figs. IV—VTII, bt.). The anterior margin may vary in shape. It may
be concave, straight or slightly indented. The posterior margin of
the body of the tentorium borders the small occipital foramen and
is characterised by two semi-circular projections, whose proximal
ends may be widely separated (Fig. VII, scp.) or they may meet but
not unite (Figs, IV—VI, scp.). From the ventral surface of these
projections of the body of the tentoriurn there arise two or more
irregularly shaped t{endonous outgrowths. These may possibly be
regarded as the tendons of the flexors of the head, which Comstock
and Kochi (1902) describe as arising from the lower surface of the
bodv of the tentorium and extending caudad. The median pair of the
tendonous outgrowths may unite as in Orthetrum sp., or they may
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remain separate as in Aeschne sp. (Figs. IV, V, tp.). In the Zygoptera
these outgrowths when present are developed to a lesser degree than
those of the Anisoptera (Fig. VII, tp.).

The posterior arms of the tentortum are short and well-formed.
They originate as invaginations of the posterior tentorial pits, locat-
ed in the depths of the post-occipital region (Figs. IV—VII, pta.).
The posterior tentorial arms meet transversely in the body of the
tentorium,

PLECOPTERA.

A comprehensive study of the anatomy of the head and mouth-
parts of the Plecoptera was undertaken by Hoke (1923) in which
the tentorium of a representative series of genera was described and
figured. The writer has therefore considered it unnecessary to
duplicate this work by a further detailed study of the tentorium in
a variety of genera, so that in describing this structure, account will
be taken of those tentoria studied and figured by Hoke (1923) as well
as the two species investigated by the writer. Species of Acroneuria
were obtained from U.S.A. and specimens of Nemouridae were
collected at Hogsback, Cape Province.

The campodeiform larvae of the Plecoptera are exclusively
acquatic, inhabiting clear streams and well-aerated waters where
they pursue a predaceous existance. In general form the larvae
resemble the adults, those features in which they differ being
mainly adaptive.

The head in both larva and adult is prognathous or semi-
prognathous, and is considerably depressed. The posterior region of
the head-capsule has been shortened and the genal area reduced.
The many-jointed antennae are long and setaceous and arise far
forward, their bases being set widely apart. The compound eyes are
dorso-laterally placed and two or three ocelli occur in the wide
inter-ocular area; the ocelli of the larva are smaller than those of
the adult. The plane of the occipital foramen varies, and in special-
ised types tends to acquire a posterior, instead of a postero-ventral
position, which is the more primitive position in prognathous insects.
Hoke (1923), Walker (1933). The mouthparts are anteriorly directed
but although completely formed in the adult, they are usually
weakly developed.

When Comstock and Kochi (1902} investigated the skeleton of
the head of insects, their study was mainly based on the Plecoptera,
the Orthoptera and the Neuroptera, though other orders of insects
were also considered.

The tentorium in the Plecoptera is of the same general type as
that of orthopteroid insects. The anterior fentorial arms (Fig. VIII,
ata.) originate from the anterior tentorial pits, the latter occurring
near the extremities of the epicranial arms, and when present, in the
lateral limits of the epistomal suture. The anterior tentorial arms
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The dorsal arms of the tentorium in the Plecoptera are develop-
ed as outgrowths of the body of the tentorium, or they are developed
in common with the distal ends of the invaginated anterior tentorial
arms, from which they are produced as secondary outgrowths. In
some genera, these arms diverge from the anterior tentorial arms
very near to the junction of the latter with the body of the tentor-
ium (Fig. VIII, da.) while in others the dorsal arms are far removed
from the body of the tentorium, e.g. Acroneuria sp. The dorsal arms
are either attached to the head-capsule laterad of each lateral
ocellus, or they may be attached to the head-capsule on the antennal
ridge. “ In the Plecoptera, it appears to be merely a chitinized ten-
don, the peripheral end of which is less chitinized than the base,
and is only loosely attached to the skull. Here the point of attach-
ment is on the front some distance from the antennal sclerite,
beneath a spot in the cuticle which is marked by numerous polygo-
nal areas. This spot is very distinet and bears some resemblance to
an ocellus” . . . . Comstock and Kochi (1902). The polygonal areas
described above have since been termed tentorial maculae by Snod-
grass (1935) and are not invagination pits. Comstock and Kochi
{1902) were uncertain as to whether or not the dorsal arms in the
Plecoptera were homologous with the apodeme-like dorsal arms of
other insects. The homology has since been accepted by rnost
entomologists.

Wu (1923) erroneously describes the dorsal arms as invaginated
from the front, at the frontal sutures. The dorsal arms are not in-
vaginated. They may arise as outgrowths from the sides of the body
of the tentorium between the anterior and posterior arms of the
tentorium, e.g. Gryllidae, or the dorsal arms may arise in common
with the anterior tentorial arms, and then, as secondary outgrowths
of the latter, they may diverge and become attached to the roof of
the head-capsule.

The imperforate body of the tentorium in the Plecoptera, varies
considerably in shape (Fig. VIII, bt.). The anterior margin may be
curved, straight or indented eor produced to form an oesotendon. The
posterior tentorial arms arise as apodemes from the posterior ten-
torial pits, these prominent pits occuring in the extremities of the
post-occipital suture (Fig. V1II, pta., ptp.). The posterior tentorial
arms are often as great in length as the anterior tentorial arms,
and they extend into the head-cavity as unfused rod-like invagina-
tions, which converge to meet in the posterior of the body of the
tentorium. In the more specialised Plecoptera, the bady of the ten-
torium may be posteriorly rather than medianly placed in the
head-capsule, so that the posterior tentorial arms are no longer
separate rod-like apodemes, but instead, these arms coalesce with
the somewhat short, transverse body of the tentorium which bounds
the occipital foramen. '
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GConclusions:

A study of the tentorium in the Odonata and the Plecoptera
reveals that these two groups of insects differ widely in the shape
and characteristics of the head skeleton.

In the Odonata, the tentorium is pi-shaped in both larva and the
adult. This feature distinguishes the (donata from the orthopteroid
insects (Hudson, 1945) and the Dermaptera, Embioptera and Isop-
tera (Hudson, 1946) previously studied. In the Odonata, the anterior
tentorial pits are somewhat laterally placed and lie in the subgenal
_ sutures. This pusition of the anterior tentorial pits is an important
feature, for it denotes a more primitive condition than that found
amongst the orthopteroid insects where the anterior tentorial pits
occur in the fronto-clypeal suture. In larva and adult, the anterior
tentorial arms are well developed, and usually bear tendonous aut-
growths on the ventral surface. The dorsal arms are better developed
in the adult than in the larva, but they are conspicuous structures
in both cases. These arms occur as secondary outgrowths of the
anterior tentorial arms and are attached to the head-capsule on the
mesal margin of the antennal ridge, or in close proximity to this
ridge.

The posterior tentorial arms occuring as apodemes of the poste-
rior tentorial pits, are transverse and soon unite in the broad body of
the tentorium. A comparison of the tentorium in both larval and
adult Odonata seems to indicate that there is no initial difference
between the two, and that the adult tentorium is merely a better-
developed and more compact structure than that of the larva. Tt is
tentatively suggested that the circular markings or chitinous pro-
jections on the ventral surface of the body of the tentorium of the
larva, may later develop into the semi-circular chitinous projections
of the body of the tentorium in the adult.

There is little to suggest that the tentorium in the Odonata
resembles the X-shaped tentorium of the orthoptercid insects. The
tentorium of the (ddonata also differs widely from that of the
Plecoptera, though the tentorium of the more generalised Plecoptera
may be favourably compared with that of the orthopteroid insects.
In all but the highly specialised Plecoptera, the X-shaped tentorium
occurs. As in the orthopteroid insects, the anterior tentorial pits in
the Plecoptera lie near the extremities of the epicranial arms and
in the lateral limits of the fronto-clypeal suture, when this suture
is present.

The anterior tentorial arms are well developed, and the posterior
tentorial arms occuring as rod-like invaginations of the posterior
tentorial pits, project into the head cavity, where they converge to
meet in the body of the tentorium. The dorsal arms occur as out-
growths of the lateral margins of the body of the tentorium and
they are attached to the head-capsule on or near the antennal ridge
or between the antennal ridge and the lateral ocellus. In the more
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generalised Plecoptera studied by Hoke (1923) the tentorium bears
some resemblance to that of the Embioptera. The anterior tentorial
arms in the latter, have their roots in the fronto-clypeal suture, and
from their expanded bases the anterior arms converge to unite in
the body of the tentorium. In the Embioptera the body of the ten-
torium is rectangular and the dorsal arms arise as marginal out-
grow:ihs of the body of the tentorium. They are dorsally attached
t> the head-capsule on the anterior aspect of the antennal ridge.
T.ae arcuate posterior tentor’al arms of the Embioptera are very
s'mlar to the posterior tentorial arms of the generalised Plecoptera.
Taus certain similarity may be found in a comparison of the ten-
tor'um in the Plecoptera and Embioptera, but there is nothing to
suggest a close similarity between the Plecoptera and the Odonata.
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Studies in the Comparative Anatomy and
Systematic Importance of the Hexapod
Tentorium — V. Ephemeroptera

by
Gerpa Braxp IHupsox, M.Se, F.RE.S.

INTRODUCTION.

TFrom a study of available literature it appears that the tentorium of the
Ephemeroptera has received litile aitention, so that the necessity has arisen
for a detailed examination of this skeletal system, in boih larval and
adult forms.

A brief description of the larval tentorium was given by Hsu (Needham,
et. al,, 1935), in which he stated that this structure was “ composed of three
pairs of ingrown arms or apodemes, anterior, dorsal, posterior. The tips
of these expand and coalesce to form a platsesa, the body. The posterior
arms form the anterior boundary of the occipital foramen, through which
the alimentary canal passes inlo the thorax.,” This description is, however,
misleading for the dorsal arms are not invaginated, and are only attached
to the head-capsule, and no tenterial pits occur at the points of their attachment
to suggest that the dorsal arnms are mvaginated. Hsu’s {t.c.) description
of the larval tentorium was accompanied by a smail diagram, but no description
or figure of the adult Ephemeropteron appeared in his work.

Hansen {1930) stated that in the LIphkemeroptera “the tentorium is
well developed. Its anterior branches run to the cranium above and somewhat
outside the clypeus: at the middle it is an unpaired rather short plate which
postertoriy has a pair of strong rami going to the cranium outside the occipital
foramen.”  No mention of the dorsal arms appears in this generalised
description.

Thus, the unsatisfactory state of our knowledge of the tentorium in
the Ephemeroptera is readily apparent, and the object of this study is a
further investigation into this structure in both larval and adult forms.

The writer is indebted to the Council for Scientific and Industrial
Research for the award of a Research Grant Bursary.

Special thanks are due to Professor I'. Carpentier of Lidge University,
Belgiumn, for a valuable gift of larval and adult I'phemeroptera. The kind
co-operation in the presentation and dentification of material by Dr. K. H.
Barnard, Dr. J. Hewitt and Mr. R. Crass is gratefully acknowledged, and
appreciation and thanls are again extended to Professor J. Omer-Cooper
for consistent interest and encouragement m these studies.
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TECHNIQUE.

Hsu (Needham, et. al., 1933) stated that the tentorium in the
Ephemeroptera may be studied after the mouthparts of the ventral side of
the head have been dissecled out and all soft parts removed by boiling a
few minutes in 2% K O H, the head being finally rinsed and mounted.
The writer, however, finds that in both the larva and the adult the head
should be left in cold 1095 caustic potash solution from one to three days,
after which it may be rinsed and finally preserved in 706, alcohol. It is
possible i dealing with larval forms to remnove the mouthparts and then
mount material thus prepared, but examination of the tentorium in both
the larva and the adult under a dissecting microscope 15 recommended in
preference to exaimnation of mounted specimens. Tn the case of the adult,
it 15 often necessary to exccute a very careful dissection of the postero-ventral
region of the head, before the structure of the tentorium can be studied.
A clear definition of the outline of the tentorium may be obtained by the
use of a saturated soletion of iodine in 70% alcohol 1ludson (1946). The
use of Hemalum and Kernschwarz are also to be recommended for use
in this study.

MATERIAL,

The following species were selecled and examined:—

Austrocanis capensis Bnrd., family : Leptophlebiidee (larva), Atalophlebia
sp., Eafonica schoutedeni (Navas), Batis harrisont Bnrd., Adenophichia
auriculate Faton, Acenitrells nalalensis Crass, Afrowwrus harrisoni Bnrd,,
Polymitarcys savigni (Pict.), Tricorythus discolor (Burm.), Aprionyx
fricuspidatus Crass, all from South Africa. Coloburivcus hwmeralis Eaton
{ New Zealand), Potamanthus luteus L. (Belgium), Ephemera sp. (Great
Britain), Ephemera sp. (Belgium), Flasoncuria trimenione MacLach.
{Congo), Epeorus assimilis Eaton (Belgium), Oligoncuriclia rhenna Imh.
(Belgium), Torleya Belgica Lest. (Belgium).

Larva.

The larval stage of the Ephemeroptera is accomplished in a variety of
acquatic conditions, and the wide range of habitat encourages diverse adaptive
modifications of a structural and functional nature.

Larve of fossorial habit usually occur in slow-flowing waters which
are not subject to floods, and which possess suitable banks. They may be
taken near the bases of rushes in soft mud overlying a clayey substratum,
according to Crass (1947), or they may tunnel through sand or gravel assisted
in this task by the possession of mandibular tusks and powerful fossorial
forelegs. Their food consists mainly of plant deiritus, diatoms and other
micro-organisms. Included in this category are Fatonice schoutedens (Navas),
Polymitarcys savigni (Pict.), and Austrecanis capensis Dnrd.

In contrast to fossorial larva are those larve which may be free-swimming
or found on rocks from which thev swim actively when disturbed. Structural
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modifications uay occur in such forms, the body becoming dorso-ventrally
tlattened and pressed to the substratum, and functioning as a vacuum by
retraction of the central portions, e.g. Tricorythus discolor (Burm.). IFemora
may be flattened to aid in adhesion and denticulate claws may occur to
enable the larva to cling to rocks and so resist strong currents. Swift-water
inhabitants often possess thick-set setw on the meuth-parts, by means of
which they can strain particles from their surroundings. Crass (1947) states
that most Leptophlebiids are found in swift-flowing water, but exceptions
do cccur in slow-flowing rivers and even swamps and still pools in the
back waters of mountain streams. Swift-water types are able to inhabit
slow-flowing reaches, but still-water forms are unable to resist strong currents,
LExamples of swift-water larvee include Betis harrisoni Bnrd,, Afronurus
harrisoni Bord., Accntrella natalensis Crass, Adenophlebia auricwlata Eaton,
Tricorythus discolor Eaton, Torlcva Relgica 1., Ipeorus assinilis Faton,
Coloburiscus huneralis Taton.

Larvee which favour slow-flowing waters and still pools usually occur
amongst alge and herbage. As a rule these larve are vegetable ieeders
with mouth-parts adapted (o biting off plant tissues, and representatives of
such larvee are . prionyr fricuspidetus Crass and Potamanthus tuteus 1.

In the I<phemeropters, the larval stage is campodeiform, cylindrical or
flattened.  With the exception of the Batidw, where hypognathism is
encounter=d. the head of the mayfly larva tends to be prognathous or semi-
prognathous.

The head-capsule is usually broad in free-living forms, but in those
larva: of fossorial habit, the head may become wedge-shaped and pointed.
The dorsal or dorso-laterally placed compound eves are well-developed and
three ocelli are usually present in the inter-ocular region. The short filiform
antennie are Jorwardly directed and notably anterior in positton.  In
prognathous forms the mouth-parts oceur anteriorly and the oceipital
foramen has been drawn forwards so that it lies at an angle to the vertical
axis of the body. In the hypognathous Betide, the occipital foramen is
vertical in position amd the ventrally directed mouth-parts have caused a
downward depression of the head-capsule in the interpcular region.

The tentorium of the cphemeropteron larvi was incorrectly described
by Hsu (Needham et. al., 1935}, who stated that the structure consisted of
three pairs of ingrown arms, anterior, dorsal and posterior. The dorsal
arms of the tentorium are not ingrowths, however, but arise from the body
of the tentorium between the anterior and posterior arms, and extend either
to the front or to the margin of the antennal sclerite. {Comstock and Kochi,
1902), Tfurthermore, in the ephemeropteron larva no tentorial pits occur
at the points of attachment of the dorsal arms to the head-capsule to mdicate
that the dorsal arins have been invaginated. Carpentier {1946), m studving
the thoracic pleurites of the Thysanura, clarifies the position with regard
to invaginations of the exo-skeleton.
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“ La chitine endosquelettique sous-épithéliale {1) des Lépismes et autre
Thysanoures représente done, en elle-méme — morphologiquement parlant —
autre chose que celle des furcas et des spinas séeretée vers Uextéricur (1) par
Pépithélium de la peau des Ptervgoles. 11 na foudrait cependent pas croire
guaucune introflexion cuticulaire ne s'associe chez les Lépismes aux endo-
sternites. A un niveau correspondent A certaines au moms de leur attaches,
on observe effectivement, en la chitine extérieure, une fosette qui n’est jamais
trés forte, mats qui, pour deux attaches homolegues, peut se presenter comme
plus importante en un segment que dans P'autre. A supposer qu'unc de ces
foseftes, s'accroisse jusqu'd production d'une furca ou d'une spina caracte-
risées comme cefle des insectes ailés et que corrélativement, se réduise
I'endosquelette sous épithelial, on ne voit pas que Uorde de succession des
strates histologiques en serait bouleversé ni la position relative des muscles
sensiblement modifée. Il était donc legitime d’homologuer commme l'a fait
Mali, des muscles endosternaux de Thvsanoures 3 ceux des furcas et des
spinas de Pterygotes et je me trouvais moiméme en droit d'utiliser les attaches
endosternites de Ctenolepisma pour caractériser certain constituants essentiels
de son mesosternum.”

In the tentorium of the ephemerapteron larva, the anterior tentorial arms
arise from the anterior tentnrial grooves which are located at the edges of
the inflected ventral areas of the genz, and before the bases of the mandibles.
According to Snodgrass (1935), these grooves represent the subgenal
sutures of higher insects. Snodgrass (1928) also states that this position
of the anterior tentorial arms in ephemeropteron larvee is more primitive
than the condition found in orthoptereid insects, where the anterior tentorial
pits lie in the fronto-clypea! { =epistomal) suture and have become diagnostic
marks of this suture or the fronto-clvpeal line when a suture is absent,

The anterior tentorial grooves give rise to the invaginated aoterior
tentorial arms, which in most ephemeropteron larve are well developed, and
along their grooves of origin these arms are considerably expanded, but
taper as they converge to meet in the medianly placed body of the tentorium.
The dorsal arms in the larval tentorium occur as broad plate-like expansions
of the anterior tentorial arms, which become attached to the head-capsule in
the interocular region. The body of the tentorium displays considerable
variation in shape: it may occupy a somewhat posterior position in the head-
capsule and occur as a narrow rectangular band, resulting in the constderable
elongation of the anterior tentorial arms which tend to brace the greater
part of the head-capsule. The body of the tentorium may be square or
rectangular in shape, in which case the anterior tentorial arms, though broad
and well developed, do not display unusual length.  Tn some cases the anterior
region of the body of the tentorium is wider than the posterior, but in most
instances the body of the tentorium may be described as a fairly well-developed
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plate-like structure. The posterior tentorial arms are less well developed
than the anterior tentorial arms and very much shorter. They arise as
invaginations of the posterior tentorial pits, the latter occurring as deep
depressions in the extremities of the post-occipital suture, The posterior
tentorial arms unite to form the posterior of the body of the tentorium,

As previously indicated, Hudson (1945), the tentorium braces the walls
of the cranium, and also affords attachment for muscles. The principal
cephalic muscles include muscles of the antennz, muscles of the mouth-parts
and cervical muscles. As many of these muscles take their origin from the
tentorium, a digression at this stage would facilitate a better understanding
of the variations in the tentorium which occur amongst the Ephemeroptera.

In general, the levator and depressor muscles of the antennaz take their
origin from the anterior and dorsal arms of the tentorium, or the dorsal
arms only. The ventral adductor muscles of the mandibles, the maxille
and the labium originate on the anterior tentorial arms and part of the
body of the tentorium. Retractors of the hypopharynx have their origin
on the anterior tentorital arms, and lateral dilalors of the pharynx on the
dorsal arms.  Ventral dilators of the buccal cavity and the pharynx usually
have their origin on the body of the tentorium, while the posterior tentorial
arms may support retractors of the labimn, adductors of the mandible, dilators
of the pharynx and the crop, and the longitudinal ventral muscle of the
prothorax.

IEphemeropteron larvae of fossorial habit are exemplified by Fafonica
schoutedeni (Navas), Polymitarcys savigni (Pict) and Epheniera <p.

In the larva of Eatonica schoutedeni (Navas), the anterior tentorial
grooves give rise to strong, well-developed anterior tentorial arms which
arc heavily chitinised at their bases (I'ig. I, ata). Arising as outgrowths
of the anterior tentorial arms and occurring on their dorsal posterior margins
are the dorsal arms (Ifig. I, da). The latter are attached to the head-capsule
in close proximity to the lateral ocelli. Each dorsal arm is a wide expansion
proceeding from each anterior tentorial arm. This plate-like expansion tapers
to become triangularly shaped, being slightly expanded at the apex where it
ts attached to the head-capsule, The anterior tentortal arms are long, bracing
the greater part of the head-capsule and converging in a V-shaped manner
to meet postero-mesadly in the broad short body of the tentorium (Tig. I, bt.).
The bedy of the tentorium is short, broad and well developed (Ifig. I, bt.).
The posterior tentorial arms are comparatively broad but short and arise
as invaginations of the posterior tentorial pits, the latter occurring as deep
depressions in the extremities of the post-oceipital suture (I7ig. I, pta., ptp.).
The posterior tentorial anms unite to form the posterior of the body of the
tentortum. In Eatonica schoutedeni (Navas) a small tendonous outgrowth
oceurs on each posterior tentorial arm and this is directed posteriorly intn
the cavity of the occipital foramen (Fig. T, tp., of.).
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T-shaped tendon is also present on the median-ventral surface of the body
of the tentorium (¥ig. 1V, tp.). The dorsal arms of Adenophlebia auriculata
Eaton are better developed and more plate-like than those of the leptophlebiid
species.

In Acentrella natalensis Crass, a crawling inhabitant of rocky sections
in flowing waters, the anterior tentorial arms are well developed, broad, and
meet in an arc to fuse in the body of the tentorium. The posterior tentorial
armms arc also well developed and broad, uniting in tbe strong band-shaped
posterior of the body of the tentorium. The latter is of rectangular shape,
The dorsal arms are well-developed marginal expansions of the anterior
tentorial arms and taper to their point of attachment to the head-capsule
in the interocular region.

The anterior and dovsal tentorial arms of Tricorytlus discolor { Burm.)
are notably well developed. The laiter are broadly expanded and attached
to the head-capsule close to the mner median wmargins eof the lateral ocelli,
The body of the tentorium is somewhat elongated antero-posteriorly, and
the anterior of the body of the tentorium is siightly wider than the posterior.
The posterior tentorial arms are broad and strong and meet to form a curvate
posterior margin to the body of the tentortum. A tendoncous ouigrowth
occurs on either side of this margin, and is posteriorly directed into the
occipital foramen. The larva of Tricorvihus discolor {Burm.) clings to
rock surfaces and is an inhabitant of swiftly flowing waters.

Torleya Belgica 1., produces a larva which has also become modified
to a swift-water existence, usually occurring on the undersides of stones,
and using the venter of the abdomen as a sucking disc.  In Torleya Belgica L.,
the anterior tentorial arms are verv wide and well developed, but the posterior
tentorial arms are short and incline shightly to meet in the squarely-propor-
tioned plate-like body of the tentorium. The dorsal arms are well developed.

The larva of Epeorus assimilis Tiaton has also adapted itself to clinging
to stones in rapidly-flowing water. The anterior tentorial arms in this species
are very widely extended across the breadth of the head-capsule. The dorsal
arms, arising as marginal expansions of the antertor tentnrial arms, proceed
dorsally and taper to their point of attachment to the head-capsule helow
and mesad of the ocular ridge. The posterior tentorial arms are less well
developed than the anterior tentorial arms, being short and narrow in
comparison with the latter. They unite in the posterior body of the tentorium
whose posterior margin is slightly curvate. The anterior of the boedy of
the tentorium is broader than the posterior, the anterior width of the body
of the tentorium being approximately the same as the length.

In Coloburiscus humeralis Faton the larval stage is passed in swiftly
running water, and they may often be taken in cataracts and waterfalis. The
anterior tentorial arms are broadly extended and well developed, with their
marginal outgrowths, the dorsal arms attached to the head-capsule in the inter-
ocular region below and mesad of the compound eyes, and above the antenne.
The posterior tentorial arms are well developed and coalesce to form a curved
posterior margin to the body of the tentorium. The proportions of the latter
are somewbat square,
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A swift-water inhabitant, the larva of Beatis harrisoni Unrd,, differs from
those species already examined, for this larva exhibits a hypognathous
head-capsule as opposed to the prognathous condition encountered in the other
spectes.  The anterior lentorial arms are well developed and in arcuate
fashion unite to form the anterior of the body of the tentorium.  The dorsal
arms arise as wide expansions of the anterior tentorial arms, but narrow to
become slightly expanded at their point of attachment to the head-capsule
in the interocudar arca. The body of the tentorium is broad anteriorly, but
narrows very considerably before the union of the short, well-developed
posterior tentorial arms, in the posterior of the body of the tentorium. It
would appear that the body of the tentorium of Befis harrisoni Bnrd., has
experienced considerable elongation during the alteration irom prognathous
to hypoguathous condition of the head-capsule. Nevertheless, in general
structure this tentoriun does not vary extensively from those of prognathous
ephemeropteron larve.

Aprionyr tricuspidatus Crass, and Potamanthus futeus 1., are included
amongst those larve which favour an existence in slow-tlowing waters.
Aprionyx iricuspidatus Crass, is usually located in mountun streams under
stones in the stiller pools and backwaters. The tentorium in this species
displays no significant variations to differentiate it from the tentoria of species
adapted to existence in other acquatic situations. The anterior tentorial arms
in Aprionyx tricuspidatus Crass ave broad, well-developed and medianly
inclined to meet in the anterior of the body of the tentorium (Tig. V, ata.).
The dorsal arms are plate-like expansions of the anterior tentorial anins which
narrow towards their points of attachment to the head-capsule below and
mesad of the compound eves, but above the antennee (I'g. V, da.). The
body of the tentorium is a square plate, posteriurly formed by the union
of the short posterior tentorial arins which provide a straight margin fo the
posterior of the body of the temorium (I'ig. V, bt, pta.).

The larve of Potamanthus Iuteus 1., live upon silt-covered stones
slow-moving waters, especially those which have much slime and mud in
suspension, for these larvae have a habit of covering themselves with this
mud and so remaining concealed. The tentorium in Polamanthus luteus L.,
displays anterior tentorial arms which are wide and converge to meet in the
broad anterior of the body of the tentorium (I7ig. VI, ata.). The posterior
tentorial arms are also well developed and comparatively long (Ifig. VI, pta.).
They meet to provide an arcuate posterior margin of the body of the tentorium
(Fig. VI, bt.), and there are two small lateral tendonous outgrowths of
this margin which project into the occipital foramen (Iig. VI, tp.). The
anterior of the body of the tentorium is broader than the posterior, and the
length is greater than the breadth (Tig. VI, bt.). The dorsal arms are well
developed and attached to the head-capsule near the ocular ridge (Tig. VT, da.).

Adult,

The short. transverse head in the adult mayAy is usvally hypognathous.
The wnouth-parts, which are ventrally directed, exist in a weak or atrophied
condition and do not function in the capturing and intake of food. The
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frontal arca of the head-capsule may be triangular or rounded, and the
large dorso-laterally placed compound eyes often occupy the preater part
of the head-capsule, especially in the male Ephemeroptera. Three wocelli
usually occur in the interocular region. The shart antennae are subulicorn,
with two basal segments and an ndistinetly segmented flagellum:  the
antenitie oceur below the lateral ocelli,

The tentorium i the adult mayfly provides considerable interest, for
it differs somewhat from this structure as previously described, Hudson
(1945, 1946, 1948). The anterior tentorial arms in the ephemeropteran
adult arise as invagimations of the anterior tentormal pifs, which are groove-like
i structure and ovcur above and somewhat outside of the oypeus. The
anterior tentorial arms are remarkable, for they are very long and tend to
brace the greater part of the head-capsule, inclining medianly and (apering
to meet in the body of the tentoriem,  The dorsal arms in the adult tentorium
usvally arise as plate-like expansions of the anterior tentorial arms.  Often
broad and triangular in shape, the dorsal arms may be produced along the
cntire posterior margin of the anterior tentortal arms and at right angles
to the latter, so thal the dorsal arms of the tentorinm may be confused with
and identified as incorporations of the anterior tentorial arms, darsal arms
under these circumstances being regarded as absent.  The dorsal arms are
usually attached o the head-capsule near the antennal ridge.  The posterior
tentorial arms are exceedingly short and arise as apodemes from the posterior
tentorial pits which are located 1n the lower extremitivs of the post-oceipital
suture,  The body of the tentorium occupies a postero-median position in
the head-capsule, and is a somewhat delicate, plate-like struciure of rectangular
shape, the width being vsually greater than the length.  The general structure
uf the tenforium is thus seen to differ signiheantly from the N-shaped
tentoriun of the orthopternid insects, the tentorivimn of the Dermaptera,
Embioptera and Tsoptera, and from the tenforium as observed in the Odonata
and Plecoplera. (f these msects studied, the ephemeropteron tentorium
may be most readily compared with that of the Odonata, where the anterior
tentorial arms are again long and well developed, and the body of the
tentortum postertorly placed in the head capsule. The dorsal arms n the
{Jdonata, however, are readily recognisable as such, and occur as secondary
outgrowths of the anterior tentorial arms, extending towards the head-capsule,
where they beconte attached on or near the antennal ridge.

The tentorium in the Lphemeropteron adult Eatonica schoutedeni
{ Navas) whose larva is of fossorial habit, is fairly well developed { Fig. V11).
The anterior tentorial arms arise as apodemes of the groove-like anterior
tentorial pits, located above and outside of the clvpeus (Tg. VI atal). The
anterior tentorial arms are fairly broad, amd each anterior tentorial arm
gives rise to a wide plate-like expansion, which develops at right angles
to the posterior margin of the muterior tentorial anm and becomes attached
to the head-capsule near the antennal ridge. This Is the dorsal arm
{ Fig. VIT, da.). The anterior tentorial arms are remarkably long supporting
the greater part of the head-capsule and converging medianly to meet in
the posteriorly placed body of the tentorium {Fig. VI, bt.). The latter
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developed and possibly broader in the former species and they converge
sharply to form the body of the tenterium. The dorsal arms occur as
marginal expansions along the greater length of the anterior tentorial arms,
becoming attached to the head-capsule near the antennal ridge.

In the Ephemera sp. (IFig. VIII), the tentorium does not appear to be
as well developed as in either Eatonica schoutedeni (Navas) or Polymitarcys
savigni (Pict.). The anterior tentorial arms are fairly long, but narrower
than in Polymitarcys savigni (Pict.) (Fig. VIII, ata.) and they incline
medianly to meet in the body of the tentorium which again occupies a posterior
position in the head-capsule (Tig. VIII, bt.). The dorsal arms occlr as
well-developed marginal oulgrowths of the anterior tentorial arms (Fig.
VI1II, da.). The posterior tentorial arms are short (Fig. VIII, pta.). The
body of the tentorium is narrow and transverse, and posteriorly placed in
the head-capsule (Ifig. VIII, bt.).

In Afronurus harrisoni Bnrd,, the anterior tentorial arms are short, but
well developed (TFig. IX, ata.) and the dorsal arms arise as expansions of
the posterior margins of the anterior tentorial arms.  The dorsal arms become
attached to the head-capsule in the interocular area, below the compound
cye and slightly dorsad of the antennal ridge (I7ig. IX, da.). The posterior
tentorial arms are short and broad (Tfig. TX,, pta.), and meet in the body
of the tentorium, which is hroad and short and plate-like (Fig IX, bt.).

The tentorium in Acentrella natalensis Crass, exhibits anterior tentorial
arms which are less widely splayed than in those adults already studied.
At their points of origin in the anterior tentorial grooves, these arms are
broad, but they taper medianly and ecoalesce to ineet in the body of the
tentorium, whose anterior margin is curvate. The dorsal arms are wide
expansions of the anterior lentorial arms, and they are attached to the
head-capsule below the compound eyes and adjacent to the antennal ridge.
The posterior tentorial arms are short and unite in the body of the tentorium,
whose posterior margin is arcuate. The body of the tentorium is a well-
developed supporting plate, fairly broad and of rectangular proportions.

Ellassoncuria trimeniana M., offers a variation of form as compared
with those adult tentoria already described. In this species, the anterior
tentorial anns lie almost parallel to each other with a very much slighter
degree of median inclination to their unton in the body of the tentorium.
The dorsal arms are comparatively poorly developed and thin, somewhat
triangular outgrowths of the anterior tentorizl arms. The body of the
tentorium occupies a posterior position in the head-capsule, and is a rectangular
plate. The posterior tentorial arms are short, but well developed.

In Batis harrisoni Bnrd., the antertor tentomal arms arise from the
elongated anterior tentorial grooves above and outside of the e¢lypeus
(Fig. X, ata.). They are broad and expanded at their grooves of invagination
and converge medianly to meet in the body of the tentorium (Fig. X, bt.).
The dorsal anns occur as marginal outgrowths of the anterior tentorial arms
(Fig. X, da.). The posterior of the body of the tentorium is formed by the
coalescence of the posterior tentorial arms which are broad, but short
(Fig X, pta.).
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The wedge-shaped head-capsule of Adenrophichia auriculaia Eaton
exhibits anterior tentorial arms which are broad basally, but taper inwards.
These arms are long (Fig. XI, ata.), and converge sharply to meet in a
wide-armed V, in the band-shaped body of the tentorium {(I'ig. XI, bt.).
Secondary outgrowths arise on the posterior margin of each anterior tentorial
arm, These are the dorsal arms (Ifig. X1, da.), which become attached to
the head-capsule on the antennal ridge. The body of the tentorium is
band-shaped, The posterior tentorial arms are short and stout, uniting to
form the posterior of the body of the tentorium (I'ig. XI, pta.).

In Aprionyx tricuspidatus Crass, the anterior tentorial arms are well
developed and widely splayed (Tig., XII, ata.), meeting in the body of the
tentorium, which is wide and transverse (Fig. XIT, bt.). The dorsal arms
are well developed, while the posterior tentorial arms are short, uniting in
the posterior of the body of the tentorium (IFig. XII, da., pta.).

CONCLUSIONS,
Larva.

In & comparative study of the tentorium within those groups of
ephemeropteran larvie favouring a variety of acquatic habits, certain features
arc encountered relating to the tentorium as a whole, and also to the phylo-
genctic significance of this structure amongst the hexapod insects.

In considering the tenforium in fossorial species, e.g. Fatonica schoutedeni
(Navas), Polymitarcys savigni (Pict.) and the Ephemera sp., it will be
observed that this struciure is not markedly similar m all fossorial larvee.
It would appear that although in some cases close structural similarity may
be noted, e.g. Ephemera sp. and Lglonica schoutedeni { Navas), in others, the
tentorium of a fossorial larva may be more {avourably compared with that
of a species inhabiting an entirely different type of environment. Species of
ephemeropteron larvee inhabiting swift-llowing waters may possess tentoria
which resemble those of fossorial ivpes: eg. the tentorium of Afronurus
harrisoni may be seen to resemble that of the fossorial larva Eatorice
schoutedeni (Navas), while similarities in tentorial structure may also be
observed between two or more species favouring the same swift-water habitat.
For example, the larva of the leptophlebiid species studied possesses a
ternitoritun comparable with that of Adexsophlebio auriculate Eaton, and both
may be compared with the tentorium of Torleye Belgica L.

Of the slow-water inhabilants, Aprionyy tricuspidaius Crass, displays
a tentorium with features resemibling those of the swift-water leptophlehiid
species studied, while Potamanthus lufens L., another species favouring a
slow-water enviromnent, shows greater similarity of tentorial structure to
the larva of Eprorus assimifis INaton, located in swift-waters, than to that of
a fellow slow-water inhabitant, i.e. [ Iprionya tricuspidatus Crass.

Thus it would appear that larvze inhabiting a variety of acquatic
conditions do not exhibit diagnostic features of the tentorium which could
be used as a means of separating larvae living in one type of environment
from larvae showing a preference for an entirely different type of environ-
ment. For example, the tentorium of a fossorial larva does not exhibit
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features which are exclusive to fossorial larve only, On the contrary, it
has been shown that similarities in tentorial structure may be observed in
larve inhabiting widely dificring tvpes of environment,

Adult,

A comparison of the adult tentorium as observed amongst species whose
larvae show preference for the varying conditions of fossorial, swift-water
and slow-water existence, indicates that the adult tentorium does not display
a typical structure in relation te its larval habitat-group, ie. the adult
tentorium does not exhibit structural modifications or features which could
be of diagnostic importance in separating those adults with fossorial larvae
from others whose larvie inhabit swift or slow-water environments.

In the adult tentoriwm, the anterior tentorinl arms are expanded at
their grooves of invagmation as is readily observed in .ifronurns harrisoni
Bnrd.,, Adenophichia ariculata Laton, and Betis harrisoni Bnrd., The
anterior tentorial arms are usually long, and incline at varying degrees
medianly, to coalesce in the posteriorly placed body of the tentorimm, which,
though generally band-shaped, may be rectangular in proportion, e.g. Eatonica
schoutedeni (Navas) and Acentrella natelensis Crass. The posterior tentorial
arms are usually short and broad. The dorsal arms are well-developed
expansions of the anterior tentorial arms, expanding as platform-like
structures at right angles from the posterior margins of the anterior tentorial
arms. The attachment of the dorsal arms fo the head-capsule usually occurs
on or adjacent to the antennal ridge. .

The larvae of the Ephemeroptera studied are all prognathous, with the
exception of Batis harrisoni Bnrd,, which is hyvpognathous. A comparison
hetween the lentorium of the hypognathous adult and the prognathous larva
does not provide siriking dissimilarities of structure. E.g., in Eafonica
sclioutedeni (Navas) the anterior lentorial arms in both larva and adult
are basalty broad, tupering somewhat to converge postero-medianly where
they unite to forn the body of the tentorium. Tn the larva the anterior
tentorial arms are possibly broader and more heavily sclerotized than in
the case of the adult. The posterior tentorial arms are short in both the
larva and adult, and the body of the tentorium, though narrower and more
deficate in the adult, does not display any variation in general structure.
The dorsal arms in the adult are better developed than in the larva. In
the adult the dorsal arms are fairly wide expansions of the anterior tentorial
arms, whereas in the larva the dorsal arms are more delicate and taper to
their points of attachment to the head-capsule. This difference in structure
of the dorsal arms may be accounted for in the change {rom the larval
prognathous condition to the hypognathous condition in the adult. Both
anterior tentorial and dorsal arms are drawn in a ventral direction in the
change from the prognathous to hypognathous condition. In this downward
movement, additional support in the form of well-developed platform-lke
dorsal arms assists the anterior tentorial arms in their bracing of the major
portion of the head-capsule. In the hypognathous larva of Betis harrisoni
Bnrd., it will be observed that this hvpognathous condition is secondary,
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and the body of the tentorium has become greatly elongated during the
change from the more primitive prognathous condition to the hypognathous
condition. Apart from this secondary development in the body of the larval
tentorium, a comparison of the general structure of the larval and adult
tentorium indicates no significant variations.

Arising out of the dala accumulated on the structure of the tentorium
in larval and adult Iiphemeroptera it would appear that the tentorium is of
significance in establishing relationships, being a structure which is not chiefly
functional by nature. If the tentorium was largely functional, greater
difierences in its structure would be apparent between the different species
of Ephemeroptera studied.

A comparison of the tentorium in the Ephemeroptera with this skeletal
strucfure as observed in the orthopteroid Hexapoda (1945), Dermaptera,
Fmbioptera and Isoptera {Hudson, 1946} and the Odonata and Plecoptera
(Hudson, 1948) indicates thal the Ephemeroptera differ widely from all
these groups in the structure of the tentorium. The tentorium in the
Odonata does, however, bear some resemblance to the ephemeropteron
tentorium, but ihis similarity is not striking, and the Odonata themselves
differ in tentorial structure from the remaining groups studied. Omer-Cooper
(1939) stated that “ the mayflies and dragonflies are ancient form which
appear to be related to the Thysanura Ectotropht, and differ from all other
Pterygota in the muscalature and venation of the wing, the structure of the
tentorium and in possessing both an elongation of the efeventh abdominal
segment and cercl”.

It would appear that the tentorium in the Ephenieroptera is possibly
more primitive than those of the previously studied groups, but a further
discussion on the phylogeny of the Ephemeroptera must he postponed until
data on the aplerygotan tentorium has been accumulated.
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