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ABSTRACT

MORPHOLOGY OF THE BRACING ELEMENTS
IN THE HYMENOPTERAN HEAD

by Jeffrey J. Jackson

The internal head bracing elements of 56 species representing
fourteen superfamilies of Hymenoptera were studied and described.
Strength and support of the head capsule are contributed to primarily
by the tentorium and associated inflections.

Some structures appear to have phylogenetic relationships.
Dorsal tentorial arms are best developed in primitive groups and are
either absent or vestigial in advanced superfamilies including the
Vespoidea, Scolioidea, and Apoidea. These advanced groups generally
have much more elaborately developed tentoria which include a tentorial
bridge, a feature lacking in the Symphyta.

Similar structures are found occasionally in species widely
separated taxonomically. Such similarities may be due to convergent

evolution.
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INTRODUCTION

The tentorium is an internal head structure found only in the
insects and is the most important of the bracing elements within the
head capsule. It consists of strengthening struts which are formed
by two pairs of cuticular invaginations that unite within the head.

Major general works on the insect tentorium include Snodgrass
(1935 and 1956) and Matsuda (1965). These references, where discussing
the tentorium, are primarily concerned with theories of origin, evolu-
tion, and general statements of function.

Hudson (1945, 1947 and 1948) has described the tentorium as
found in the Orthoptera, Dermaptera, Isoptera, Odonata, and Plecoptera.
There has been no general study on the tentorium of the Hymenoptera,
but a few limited primarily to descriptions of single species. The
honeybee (Snodgrass, 1956) is an outstanding example and Michener
(1944) described the tentorium of Anthophora.

Some valuable information closely related to the hymenopteran
tentorium can be gleaned from work done on sutures and the external
facial morphology of the face of Hymenoptera (Bigelow, 1954) and the
clypeus and the epistomal suture in Hymenoptera (DuPorte and Bigelow,
1953). The relationship of the tentorium to the epistomal suture and
strengthening inflections that are associated with it are well

described.



This paucity of published information has lead the author to
investigate the morphology of the internal supporting mechanisms of
the hymenopteran head.

No one appreciates better than the author the incomplete nature
of this work; for representatives of only 56 species and fourteen
superfamilies have been studied intensively. The tentorium and
associated inflections which illustrate the various ways in which
strength and support of the head capsule may be achieved are described

for each of the taxa.



TERMINOLOGY

Descriptions presented herein pertain to the location of the
anterior tentorial pits, the shape of the anterior arms, the rear
insertion of the anterior arms, dorsal arms, tentorial bridge, spine,
and internal inflections. This terminology is used consistently in
the discussion of the morphology of the bracing elements of the
hymenopteran head.

The number and complexity of facial sutures may vary consider-
ably from group to group and from species to species. The sutures,
when invaginated internally, form inflections which add to the bracing

of the head. The Clypeogenal Inflection extends from the anterior

mandibular articulation to a pit demarking the anterior external in-
vagination of the anterior arm of the tentorium, known as the Anterior

Tentorial Pit (abbreviated herein as ATP). In Fig. 1A only the clypeo-

genal sutures are present, In Fig. 1B the ATP are connected by the

Epistomal Suture, a suture extending between the two anterior pits.

Other sutures that may be present and inflected include the Frontogenal,
(Fig. 1C), which extends from the anterior pits dorsally to the base of
the antennae, and the Malar which extends from the base of the compound
eye to the region of the posterior mandibular articulation.

Compound eyes (Fig. 5E) are nearly always ringed with an Ocular
Inflection but in some cases it is nearly absent (Fig. 1D).

3



The postgenae, the lateral and ventral parts of the occipital
arch, may be inflected (Fig. 4C).

Union of the inflected postgenae with the face is seen in some
specimens.

When most hymenopteran head capsules are viewed from the ventral
side with the mouth parts removed a single large opening is seen,

Fig., 1E. Usually the rim of the opening is thicker than the remainder
of the exoskeleton.

There may be slight indentations which tend to isolate the man-
dibular sockets (Fig. 1F). Some species, however, have the mandibular
sockets completely isolated so that there are three openings in the
ventral head capsule (Fig. 1G).

Separate mandibular sockets as in Fig. 1G probably provide

the greatest mandibular support.

Anterior Arms

The Anterior Arms in their simplest form are approximately

cylindrical and extend from either side or below the occipital foramen
to the anterior tentorial pits which are commonly found not far above
the anterior mandibular articulations (Fig. 4B). Frequently, however,
the arms bear extended flattened areas termed, wings, which may be
lateral (Fig. 3A) or vertical in position (Fig. 5C). The wings may

be so greatly expanded that the anterior arms may have the appearance
of elaborately twisted ribbons (Fig. 5E). If the anterior arms are
flat the ATP will be slits and may occupy nearly the entire clypeogenal

and/or epistomal sutures. (Fig. 1C, 5E).



rig. 1, terminology of facial sutures and ventral
aspect of head capsules.



Dorsal Arms

Dorsally, and usually about at their mid point, the anterior
arms give rise to Dorsal Arms. These may be strong and attach solidly
to the face (Fig. 3C & D) or absent (Figs. 4A, 5C). Intermediate
degrees of development of the dorsal arms are common. In such in-
stances dorsal arms may not extend all the way to the face. They may
be mere vestiges which are difficult to see and are easily broken off

while preparing the specimen (Fig. 5E).

Posterior Arms

Immediately anterior to the occipital foramen Posterior Arms

may extend upward and mesaly from the anterior arms and join to form
the tentorial bridge. Commonly a slender projection, the Spine, ex-
tends forward and/or downward from the center of the bridge. 1In

rare cases the posterior arms are not joined (Fig. 4B). Posterior
arms are absent in many Hymenoptera (Fig. 3B) but the occasional
presence of a spine at the juncture of the anterior arms suggests that

in these cases it may be fused with the anterior arms (Fig. 2F).



MEGALODONTOIDEA

Figure 2A and B

Megalodontes cephalotes Fabricius has a fairly simple tentorium,

The dorsal and anterior arms are smooth rods of about the same size.
The dorsal arms are solidly attached to the face just above the antennae.
The anterior arms meet the face midway between the antennal sockets
and anterior mandibular articulation. On the ventral side, at the
point of attachment to the face, is a short inflected area of the
clypeogenal suture. There is no visible reinforcing ridge connecting
the anterior arm and the anterior mandibular articulation. The rela-
tively weak appearing sickle shaped mandibles of this species appar-
ently obtain little support from the anterior arms. Perhaps a well
differentiated supportive mechanism is not necessary for the adults
are believed to feed mainly on pollen.

The posterior arms are very prominent. The tentorial bridge
appears as a flat ribbon in the shape of a squared off horse shoe.
A small spine extends toward the lower face from the bridge. The
bridge is situated low on the anterior arms and cannot be seen through

the occipital foramen.



CEPHOIDEA

Figure 2C and D

The anterior arms of the tentorium are arc shaped, laterally
compressed posteriorly, and fused at the base. They meet the face at
the anterior mandibular articulations and at this point the arms are
dorsoventrally flattened. The dorsal arms are fairly stout rods and
meet the face just laterally and slightly above the antennal insertions.

There is a median spine at the angle where the anterior arms meet.
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TENTHREDINOIDEA

Figure 2E and F

The anterior tentorial arms may be flattened, twisted, or with
mesal wings as in Tenthredo. Clypeogenal inflections may be present
if the insertion of the anterior tentorial arms is remote from the
anterior mandibular articulation, In Cimbex, the insertion of the
anterior tentorial arms is remote but the clypeogenal inflection is
not developed. A small apodeme is present on the ventral side of the
anterior arms near the near insertion in Cimbex and Tenthredo. The
rear insertion of the anterior arms is often at the inflected post-
genae. Dorsal arms are strong and join the face near the antennal
bases. Posterior arms are not present, but a spine projects anteriorly
from the fork of the anterior arms of Tenthredo.

Inflections are in general fairly well developed with the
exception of Cimbex in which internal supporting inflections are
lacking, including the usually conspicuous ocular inflections of other

forms. This may be compensated for by the thick exoskeleton of Cimbex.

10



11

1euag8oadL1o ‘j1ewo3isida ‘aendQ

juasqy

juasqy

saseq TeUUdjUE BY3 JO

1eaa3le] aaoqe Suiydoelije ‘Inols Alared
uswexoy 1e3Td1000 MOT3q 3Isnp

pa3s1Mg
jeymawos pue A][EIJUSAOSIOpP paualleld

uor3jeINOI3AR IEBIN
-qIpuew I0Taajue aYyj jo pesauw LA7IYSITS

pue aaoqe saanjins TeuadoadL1d pue
1ewo3stda ay3z jo jaed Suipnidour--s3ITIS

U039 [39SOX3 NOTYL
juasaad jou Teua8oadL[> pue Tewo3lsidy
Juasqy

juasqy

s9seq [euuajue

aaoqe A1a3eipouwt Suiyoe3zje ‘3noilsg
aerua33sod pa3oaiJul

swspode Zuijzoslfoad
piemumop TTEWS Y3TMm “3}o1y3l “3aoys

9Seq JPUUJIUE pUEB UOTJIB [NOTJIE
JeInqIpuewl JIOTId3UE UIIMIDq ABMPIW

SINJWWOD ¥JHLO

SNOILOITINI

INIdS

00199 TVI¥OLNAL

SV 1VSY0d

SV YOIYILINV dJ0
NOILYISNI ¥vVdy

SWYV YOIYILNV
JHIL J0 ¥dVHS

dLv
JHL 40 NOILVOOT

(Yy2313) 1°93U0d9] uoTadIpoSN
aepruotradiq

yoea] BUBDIJIaWE Xaquly
9BpPTIOTqUID

VAAIONIQAYHINAL JHI A0 NOIATHAS AVIH TYVNYHINI JHLI J0 STINIONYLS--°T ITAVL



12

saka al8ae]

Suoa3s--1eUa80adLo
¢8uoxls Lisaa--Tewolstda ‘ae[ndQ

juasqy
juasqy
319320S [euusjue Jjo

28pe [ea93E] 3B SuT3ladSUT puEB WNTIPIY

arus33sod pajoarjul

p231s1m] pue possaadwod A[[eIs3e]

SuoTjeINOIJIE
JeInqIpuBW I0TJIDJUEB JO pESdUW puB JA0QY

8uoa3ls--1eusadoadL 1o
‘3uoals L1arejy--jewoisida ‘aeinoQ

juasqy

Juasqy

seseq Teuuajue aaoqe 3uiyoelje ‘3no3ls
uot13997Jur TeU3B3sod [leWS 03 pa3Id2UUO)
awapode Surjosafoad piemumop

ITeWS Y3iTMm sa8pa [esauw 3y3z uo SUoII
-o9foad yTeasje] pausajjel3 AITEOIII=N

s9seq JEUUd3UB MOT3q 3ISnp

SLNAWWOD YIHIO

SNOILOATANI

INIdS

I001¥9 TVIYOLNAL

SV TVSY0d
SV YOIWILNV J0
NOILYISNI ¥vay
SWYV YOTI¥HINY
JHL 40 AJVHS

dLV
JHL J0 NOILVDO1

(Leg) staeini1eo snyirydodoeyds
sepr3ay

Aeg sTueTISEq Opol1yjluayl
SEPTUTPOIY3Ud]

VACIONIQIYHINAL FHL 40 NOLATIIS AVAH TVNYILNI HHL d0 STINIINYLS--'€ HTAVL



Pig. 2, A,B, Megalodontes cephalotes, Megalodontoidea;
C,D, Cephus tabidus, Cephoidea; &,P, Tenthredo
basilaris, Tenthredinoidea.



FIG. 2



SIRICOIDEA

Figure 3A and B

The thick walled head of Tremex is supported by a relatively
simple tentorium. The anterior arms are fused into a single rod
posteriorly, and adorned with small, flattened lateral wings anteriorly
on each side--the mesal wings being larger. Where the anterior arms
meet the face they join a moderately thickened clypeogenal inflection
that connects them to the anterior mandibular articulations. Strong
dorsal arms are attached solidly to the face above the antennal bases.

The tentorium of Xiphidria maculata is very similar except the

anterior arms lack the flattened wings and the tentorium is bent
sharply downward posterior to the origin of the dorsal arms. For
this reason the dorsal and anterior arms join the face slightly lower
than in Tremex.

The ventral edges of the head capsule are strengthened in both

species.
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ICHNEUMONOIDEA

Figure 3C and D

The tentorium and other aspects of the internal head skeleton
in this group are structurally quite consistent. The anterior ten-
torial pits are found immediately above the anterior mandibular
articulations or in some instances at the anterior mandibular articu-
lation. Where they meet at the face the anterior arms are often
dorsoventrally flattened. The wings extend laterally for at least
half the length of the anterior arms. The anterior arms may either
fuse posteriorly into a single median rod which connects below the
occipital foramen or, if the postgena is inflected they may join it
instead. Dorsal arms are usually well developed and connect to the
face in the vicinity of the antennal sockets. The tentorial bridge
bears a spine. The inflections joining the ATP and also connecting
to the mandibular articulations are not especially well developed.

Agathis appears to be an exception in some of its morphological
features for it differs from other members of the group in several re-
spects. In this species the deeply inflected postgenae connect with
the short, relatively unmodified anterior arms. Dorsal arms, the

tentorial bridge, and spine are lacking.
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CHALCIDOIDEA

Figure 3E and F

The ATP of the Chalcidoidea are usually located just above the
anterior mandibular articulations and may be either a spot or slit-
like in form depending on the cross sectional shape of the anterior
arms. The anterior arms may continue as separate rods to join the
back of the head on either side of the occipital foramen or they may
fuse into a single structure which bounds the occipital foramen on
three sides. If this is the case, the tentorium is fused to some
degree with the inflected postgenae.

Great variation is exhibited in this group in the form of the
tentorial bridge. In some cases it is fairly typical and bears a
spine. Of the specimens examined the spine is present in two species,

absent in one species, and in Chalcis microgaster the posterior arms

do not meet in the center--an unusual condition. The tips of the
posterior arms are pointed forward. Supporting inflections in the
face and mouth area are in general not as well developed as in the

more advanced Hymenoptera.

19



20

SUOT3BINOI3AE JIBINQIpUBW
yjoq o3 8Bur3josuuod Inq JLV
£q A128ae7 patdnodoo--1eUald

-0ad£1o ‘suou--jewo3lstdy

juasqy

1e31d19%0 sueds--juasaigd

§39)00S TEUUI]IUEB JO 9PIS
I9Yy3lIo 3B 9d%e3J 03 Burjlodosu
-uod R padolaaap TI=M

STOoTEYD UT
se oeuald3sod pajodayrjur

A11otxa3sod a3e1d pauay
-3B1J 03Ul Ppa3TU) ‘Ppud
loTa93ue 1B 9qOT TESaUW
yatm A[1eaa3e] paualleld

suoTjeINOTIaE
Je[nqIpuBwWl IOTI93UB 3A0QE
?anins TeuadoadL1o ur
pPa3uaTao ATTEOT3II3A LKTaeaN

1ewo3s1da ‘xenoQ
98p1ag TeTIOjUl], 33

autds 3T11ds e se 1eadde
03 pIEMIOJ pI3IJIIIIp dae
Aayy *39suw jou op £33yl Inq
juasaid aie swie I0TI23S0J

s3ao0s
JeUUS3jUE JO peBI3jE] ¥JEJ
2yl Surjosw Spox ISPUITS

uswexoj Te3r
-d1000 @y3l Jo 9pIS AIYIIa
03 93p1x B se Surnurjuod
Inq ‘9seua8isod pajzoarjul

peiole] 98pa aamo]
‘xernotpuadaad ayj woay
918ue oGH B paualIEBTJg

SUOT3IEINOIIaER
JeInqIpuewl IOTIdJUE
03 Bur3doaUUOd R IA0qQY

juasqe Tewo3lsida
Teuag8oadA1o ‘aelndQ

juasaig

juasaig

juasqy

uswexoy Te3Tdidoso ayz jo
9pIS I9Y3lT2 UO R MO

spoa 3utaand
umop ‘yjoows €I3puais

SUOT3jB[NOI3AR IBIN
-qIpuEWl IOTIdJUEB 3Y] DA0QY

SNOILOITANI

INIdS

I0a1¥d TVIYOINIL

SV TVS¥0d

SWJV YOIYALNV dJO
NOLLYISNI ¥VId

JHL d0 IdVHS

dLv
JHL 40 NOILVOO1

Leg
STUIJyje s1dsodona]
aeptdsoonag

Leg
I193Se301dTW STIO[BY)D
SEepPTIPIOTBYD

sdT11TUd
ealed BI3]92AQ BWOJAINY
aeprwojfianyg

VEZAIOAIDTIVHD FHI A0 NOILATHAS AVIH TVNYILNI HHI J0 STYNIONYIS--°L ATIVL



rig. 3, A,B, Tremex columba, Siricoidea;

C,D, Megarhyssa m macrurus, Ichneumonoidea;

R,F, Chalsis microgaster, Chalcidoidea.






CYNIPOIDEA

Figure 4A and B

The ATP are located near the anterior mandibular articula-
tions. The anterior arms vary from straight, smooth, parallel rods
to flattened and twisted structures. They connect posteriorly at
either side and/or below the occipital foramen but may also be
partly fused with inflected postgenae (Xyalophora). Dorsal arms
may be well developed or absent. Posterior arms may be joined to
form a tentorial bridge or they may be unjoined as in Diplolepis.
If the bridge is complete there is a spine. Inflections are gen-

erally weak.
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PROCTOTRUPOIDEA

Figure 4C and D

The ATP are found very near the anterior mandibular articula-
tions. The anterior arms are usually not greatly modified and may be
united into a single rod posteriorly. Their connection to the back
of the head is at either side and/or below the occipital foramen or
to inflected postgenae. Pelecinus is exceptional in having the
anterior arms nearly entirely fused with deeply inflected postgenae.

The tentorial bridge, if present, bears a spine.

Inflections are generally weak but this deficit is probably

compensated for by a relatively thick exoskeleton.
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BETHYLOIDEA

Figure 4E and F

The ATP may be at or above the anterior mandibular articula-
tions. The anterior arms are laterally compressed with dorsal
wings or somewhat twisted and insert on either side and/or below the
occipital foramen. Dorsal arms may be vestigial (Trichrysis) or
strong and connecting to the face (Lycogaster). A tentorial bridge
is present and bears a spine.

The exceptional feature observed in this group is a ventral
arm branching off just below the dorsal arm on the tentorium of
Pristocera. The arm extends downward only a short distance. The
distal end is free. Pristocera has the most well developed example

of this type of ventral structure that has been observed.
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rig. 4, A,8, Diplolepis rosae, Cynipoidea;
C,D, Pelecinus polyturator, Proctotrupoidea;
B,?, m sr‘d‘n!. uthle““o



FIG. 4



SCOLIOIDEA

Figure 5A and B

The anterior arms may be a stout rod with mesal wings
(Campsomeris) or laterally or dorsoventrally compressed. The ATP
are either at or above the anterior mandibular articulations. If
the latter is the case the clypeogenal suture is inflected. Poste-
rior arms meet the back of the head at either side of the occipital
foramen. Dorsal arms are often absent and if present they do not
reach the face.

The tentorial bridge differs from most other Hymenoptera in
that it is usually a broad plate rather than a thin rod. A spine is
present. Inflections are generally well developed and the lower
face is additionally reinforced as the mandibles are set in separate

sockets.,
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FORMICOIDEA

Figure 5C and D

More structural uniformity was observed in the ants than in any
other superfamily. Five species in addition to Camponotus (see Table
12) were dissected and their internal head structure was found to be

remarkably similar. The species examined were Lasius neoniger En.,

Formica fusca L., Atta cephalotes (L.), Monomoron pharaonis (Linnaeus)

and Ponera coarctata pennsylvanica (Buckl.).

Relatively slender anterior arms bearing narrow wings dorsally
span the length of the head from either side of the occipital foramen
to the anterior mandibular articulations. The anterior arms are
joined near the occipital foramen by the tentorial bridge which bears
a spine. Dorsal arms were not observed in any of the specimens
examined.

The outstanding feature of the internal head skeleton of the
ants, not observed in the other Hymenoptera, is a deeply inflected
gular suture. This longitudinal support probably adds much to the

overall strength of the head capsule.
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VESPOIDEA

Figure 5E and F

The internal supporting structures in the head of the Vespoidea
are more numerous and more elaborately developed than most Hymenoptera.

The anterior arms are roughly the shape of a broad, flat ribbon
which has been twisted 180 degrees. They meet the face at the anterior
tentorial pits which are long and slitlike and occupy most of the
clypeogenal suture and part of the epistomal suture. The anterior arms
extend diagonally upward from the ATP to meet the back of the head on
either side of the occipital foramen.

Extending mesally and laterally along much of the length of the
anterior arms are flattened wings which serve as enlarged areas for
muscle attachment.

Dorsally, and near the occipital foramen, the anterior arms

give rise to dorsal arms. In Vespula and Arachnophroctonus these arms

are very weak and delicate and do not reach the region of the antennal
sockets. Dorsal arms are absent in Hypodynerus.

The posterior arms extend upward and mesally and cross the
occipital foramen to form the tentorial bridge. A spine extends
anteriorly and downwardly from the center of the bridge.

The epistomal suture, where it is congruent with the anterior
arms, is inflected. The clypeogenal suture is strongly inflected and
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connects the tentorium to the anterior mandibular articulation. 1In
Vespula, a unique sclerotized bar, the strengthening inflection to

the posterior mandibular articulation, originates at the lower end of
the facial insertion of the anterior arms and connects to the tentorium
at the posterior mandibular articulation. Strengthening inflections
are also found along the malar suture as well as the lower, lateral
edges of the head capsule. The eyes are surrounded with a deep

ocular inflection as they are in most Hymenoptera.
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FPig. 5, A,B, campsomeris quadrimaculata, Scolioidea;
C,D, Cauponotug pennsylvanicus, Formicoidea;
E,P, VYespula maculata, Vespoidea.






SPHECOIDEA

Figure 6A and B

The tentorium of the Sphecoidea is similar in many respects to
the Vespoidea. The anterior arms are variously flattened and twisted.
The rear insertion is on either side of and/or below the occipital
foramen. Dorsal arms if present appear as vestiges and never extend
as far as the face. In every specimen examined the tentorial bridge
was present and bore a spine. Facial inflections are usually well
developed.

A major difference was noted in the head capsule of Cercerus
and Ectemnius. In these species the mandibular sockets were separate
from the main mouth opening. Ectemnius is also unusual in that the
anterior arms are fused with the mesal ocular inflection. The eyes
of Ectemnius occupy much of the face and are very close together.

The very deep mesal ocular inflection doubtless adds a great deal of

strength to the head capsule.
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APOIDEA

Figure 6C and D

In all the bees examined the anterior tentorial pits are con-
nected to the anterior mandibular articulations by inflected clypeo-
genal sutures. The anterior arms vary from relatively unmodified
rods to flattened or twisted bands. Often they are fused for a large
part of their length with inflected postgenae. The anterior arms
meet the back of the head on either side and below the occipital
foramen.

Dorsal arms are often present but only as vestiges that do not
meet the face. The posterior arms join to form a bridge and a spine
is always present. Most inflections are well developed and the
mandibular sockets may be nearly separate due to deeply inflected

postgenae.
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Fig. 6, A,B, Chlorion 4 ichneumon, Sphecoidea;

C,D, Arndrena helianthi, Apoidea.






SUMMARY

Structural support of the hymenopteran head capsule may be
contributed to by inflected postgenae, separate mandibular sockets,
various inflected sutures, and in every case a tentorium. The ten-
torium is of greatest interest in this regard and is commonly composed
of anterior and posterior arms. The anterior arms often bear dorsal
arms,

Some interesting differences in the tentorium appear to be
associated with phylogenetic relationships. The tentorial bridge is
generally better developed in the more advanced Hymenoptera while
dorsal arms are best developed in the more primitive groups. The
symphyta have in most cases lost the posterior arms which usually
form the tentorial bridge in the higher superfamilies. The presence
of a spine, protruding from the juncture of the anterior arms suggests
that the posterior arms are lacking; they may be fused with the anterior
arms. The tentorial bridge does not appear to have great reinforcing
value but it is interesting to notice that the protruding spine is
especially well developed in those Hymenoptera that have mouth parts
well adapted for sucking. The extent of variation of the tentorial
bridge is considerable. It is best developed in the Sphecoidea,
Vespoidea and Apoidea.

The primitive Hymenoptera while often lacking a tentorial
bridge usually have dorsal arms well developed and connected to the
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face. All the Symphyta and the four of the more primitive super-
families of the Apocrita show this feature. None of the scolioids,
vespoids, sphecoids, apoids, and formicoids examined was found to
have the dorsal arms attached to the face and in many cases dorsal
arms were vestigial or absent. However, elaborate compensatory de-
velopment is observed in these groups in the anterior arms which
are often widely expanded for muscular attachment, fused with in-
flected postgenae, and attached over considerable distances at the
epistomal and/or clypeogenal sutures.

Less complex anterior arms are usually the case in the more
primitive Hymenoptera. Their anterior tentorial pits however are
often located at or very near the anterior mandibular articulations
(Fig. 2C). The separation of the anterior tentorial pits and man-
dibular articulations common in the higher Hymenoptera creates the
need for an auxiliary structure to retain the rigidity against man-
dibular action that was originally provided more or less directly by
the anterior tentorial arms. The author concurs with Bigelow (1954)
that this has been accomplished by the development of clypeogenal
inflections. These form braces between the tentorial arms and the
mandibular articulations. Further bracing is sometimes provided by
an inflected epistomal suture and/or by a ridge around the lower rim
of the head capsule.

These thickened sclerotized areas combined with the tentorium
serve to brace the lower part of the head and allow stresses caused by
biting to be transmitted more evenly to other parts of the head. In-

flections of this kind are usually most pronounced in Hymenoptera
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that have powerful mandibles. Mandibular support is sometimes achieved
in other ways. The postgenae may be inflected so deeply that they
connect with the face below the tentorium. In some groups--notably

the Scolioidea the mandibles are enclosed in separate sockets rather
than occupying a large single opening with the other mouthparts.

Enlarged eyes also present a bracing problem especially in the
Scolioidea, Vespoidea, and Apoidea. Since the eyes are covered with
thinner exoskeletal material they are in a sense a hole in the head
capsule, This weakness in the head capsule is compensated for by a
circular inflection that supports both the eye and the capsule. Those
species that have very large eyes often have very large ocular in-
flections and in a few cases (Ectemnius for example) the mesal eye
inflections are united with the flattened anterior arms of the ten-
torium for still greater rigidity.

There are many exceptions to the previously described relation-
ships. Similarities in structure often exist between groups that are
widely separated by taxonomists. This perhaps is a result of con-
vergent evolution and the functional necessity for rendering support

and rigidity and support of the head capsule.
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