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ABSTRACT

THE MORT:OLOGY OF ThE TERTORIUL 0 TLE ALISOFTERA
( ODON&TA )

by Francis ZEdward Giles

The pi-shaped anisopteran tentorium is composed of

the anterior arms, the dorsal arms, the posterior arms and

the bridge. The anterior arms originate as cranial in-

vaginations in the area of the subgenal sutures, while the

posterior arms arise as invaginations of the head wall in

the region of the postoccipital suture. These arms neet

and coalesce to rora the tentorial bridge. The dorsal arms

arise as projections of the anterior arms and fuse with the

antennal and ocular ridges.

The tentorium provides rigidity to the head, supports
various internal organs, and serves the function of muscle

attachwent. The ventral wandibular adductor apodemes, and

the ventral maxillary adductor apodemes originate trom the

anterior aras. A tuird mandibular adductor apodeme originuates

from the dorsal arms in the faailies letaluridae, Gomphidae

and Cordulegasteridae, but i1s not found in the families

aeshnidae and Libellulidae.
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As the anlsopterous Lead changes froa a broad
shallow head to a deer nuarrow nead, tne angles increase

betwecn tue eplstomal and subgenal sutures, and between

tue posterior arms and tune bridge. Using tunese angles,

and the presence and coadition of thne tunird mandibular
adductor apodeme as criteria, an attempt has been made to

equate the investigation with thne phylogenetic relationshirs
of otner writers.

Tne contention of some investigators tiiat the

Goaphidae and retaluridae are primitive forms, and that

tne Cordulegasteridae, Libellulidae and Aeshnidae, in that

order, are evolved forms, is tnought to be correct. liowever,

the autnor finds no Jjustification in assigning the highest

position to the Aeshnidae. llagenius brevistylus (Selys)

has both primitive and evolved characteristics, and does

not seem to follow tie general gomphLine development.
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PROCEDURES

Heads of dried specimens were boiled in concentrated
potassium hydroxide solution until the compound eyes were
cleared of pigments. The heads were then washed in water and
stored in eighty per cent alcohol. In dissecting, compound
eyes and mouthparts were removed, and the specimens examined

under alcohol. Drawings were made with the aid of a grid.

For a description of the musculature and position
of the internal organs, living speclmens were collected.
Tahese were fixed in Dietrich's solution for approximately
twelve hours, transferred to eighty per cent alcohol, and
then dissected under alcohol. The following fresh material

was dissected:

Gomphus crassus Hagen

Opuiogomphus rupinsulensis (Walsh)

Libellula luctuosa Burmeister

Libellula pulchella (Drury)

Pachydiplax longipennis (Burmeister)

Syampetrum rubicundulum (say)




REVIEW OF LITERATURE

Tne nexapod tentorium is an important structure that
has received little comparative investigation until recent
years. The description of the tentorium of the orders
Orthoptera, Plecoptera and Neuroptera by Comstock and Kochi
(1902) closely parallels that of present day investigators.
These two workers showed tie tentorium to consist primarily
of invaginations of the head wall, and of chitinized tendomns.
They establisned that the dorsal arms arose fron the side of
the tentorial body and extended to the frons or to the margins
of the antennal sclerite. In an embryological study of

Blatella germanica (Linn.), Riley (1904) found that the in-

vaginations giving rise to the anterior arms appeared as early
as the thirteenth day. The invaginations giving rise to the
posterior arms occurred later, while the body of the tentorium
was formed at about the twentieth day as a result of the fusion
of the anterior and posterior arms. Riley also noted that the
dorsal arms were formed by processes given off by the anterior
arms. Snodgrass (1928), studying the orders Protura,
Ephemeroptera, Odonata and Orthoptera, found that the anterior
and posterior tentorial arms were hollow invaginations, the
location of the roots being marked extermally by pits. 1In
the Pterygota, he observed that the anterior pits usually lay
in the epistomal suture, in front of the anterior mandibular
condyles, but that in the order Odonata, the anterior pits
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occurred in the subgenal suture. The posterior pits were
found at tne lower ends of the postoccipital suture. He
stated that the body of the tentorium was formed by the

union of the anterior and posterior arms. Snodgrass further
determined that the dorsal arms were derived from the anterior
arms and extended to the facial wall in the region of the
antennal bases. The dorsal arus were noted to sometimes fuse
with the cuticle, but generally were attached only to the

hypodermis.

The taxonomic importance of the odonate head
characteristics was brought out by Lew (1933). 1In this work,
the tentorium was described as arising from hollow invagina-
tions of the head wall, and to consist fundauwentally of three
pairs of processes. Tne modification of these processes in
the imago was found to occur mainly in the occipital region
where the pits were so fused and atrophied, and the posterior
arms so short and broad, as to be almost unrecognizable, Lew
found that tne naiadal head was not so modified, and both pits
and posterior arms were readily discerned. He further stated
that the posterior pits were closed, and that the dorsal aras
originated frowm tne anterior arms. Needhauw, Traver and Iisu
(1935) wrote that the ephemeropteran dorsal arms were "ingrown
arms or apodemes"., In a study of the odonate naiad, Anex
Junius (Drury), Snodgrass (1954) determined that the posterior
arms arose from pits in the postoccipital sulcus, and that the

anterior arms arose from slits between the compound eye and

WL .



the base of the wandible. Ko mention was made of tne origin
of the dorsal arms, but Snodgrass described them as being
"attached on the cranial wall by brushes of apparently non-

muscular fibers", Short (1955), in a study of Aeschna cyanea

(siuller), reported the dorsal arms in the naiad were attached
to the oranial walls by nonmuscular fibers, and the imaginal
dorsal arus were fused to the occular ridge. Short disagreed

with Lew and stated that the posterior pits were open.

Tne only comprenensive work on the tentorium of the
major insect orders was publisned by Hudson (1944, 1947, 1948,
1951). In the paper dealing with the Ephemeroptera, Hudson
(1951) disagreed with Hsu and described the dorsal arms as
being outgrowths of the anterior arms. Hudson's description

of the tentorium agrees with that of Riley, Snodgrass, and Lew,

Asabina's (1954) morphological work on Epiophlebia

superstes Selys (f. Epiophlebiidae), brings to light some
interesting differences. In this species, the posterior pits
occur in the upper ends of the ill-defined hypostomal sutures.
The anterior pits do not lie in the subgenal or epistomal
sutures, but appear as grooves running obliguely posterad from

the anterior mandibular condyles.



GENERAL DESCRIPTION OF THE ANISOPTEZ:0US TENYORIUM

The tentorium may be regarded as the endoskeleton of
the anisopteran head. It is a pi-shaped, internal bracing
element that serves the function of muscle attachment and organ
support. The anterior tentorial arws (Fig. 1) arise as in-
vaginations of the head wall near the posterior mandibular
condyles. Externally, they are marked by elongate pits which
follow the subgenal suture and extend into the extremities of
the epistomal suture, The shape of an anterior arm, from a
dorsal aspect, is that of a triangle, tne base being in the
area of the pit. Tne inner ends of the arms are produced caudad
and are convergent; the inner margins may develop swollen

expansions.

The posterior arms arise from invaginations of the
head wall. The origins of the posterior arms are marked ex-
ternally by pits located in the postoccipital suture. These
pits may be open or closed. The posterior arms are short and
broad and merge with the anterior arms to forin the body of the

tentorium.

The body or bridge of the tentorium (Fig. 2) is a
heavy, deeply sclerotized structure, adjacent to the posterior
cranial wall, It divides the occipital foramen laterally into
two unequal parts. The body may be sulcate and the anterior

S
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edge varies in shape. In the middle of the posterior edge

are found two processes, tihe ends of wihich are directed toward
the meson to a varying degree. These processes articulate
with the cervical sclerites and are here termed the cervical

condyles.

The dorsal tentorial arms arise from the anterior

arms at the point of junction of the anterior arms and the

pbody of the tentorium. These curved, fan-shaped arms extend
dorsad and are divergent. Distally, the dorsal arms become
solidly attached to the antennal and occular ridges and serve

as the points of origin of the extrinsic antennal muscles.

At a point approximately half their length, the
ventral surface of the anterior arms gives rise to the apodemes
of the ventral mandibular adductor muscles. Other mandibular
adductor apodemes may be present on the posterior surface of
the dorsal arms, at tne point of their junction with the
anterior arms. The apodemes of the maxillary adductors origi-
nate ventrally at the junction of the anterior arms and the
body of the tentorium. These apodemes are hLeavier than the
mandibular apodemes and tend to be forked, giving them the
appearance of two separate apodemes. On the ventral surface
of the tentorial bridge, approximate to the cervical articu-
lations, are the points of origin of the ventral longitudinal
neck muscles., The apodemes of these muscles are delicate and

may be destroyed by prolonged treatment with potassium hydroxide.



Dorsad of the bridge, the walls of the occipital foramen are
produced inwardly into two large finger-like projections.
‘‘hese are the apodemes of the dorsal longitudinal cervical

muscles,

The body of tne tentorium provides support for the
digestive aud nervous systew. 7The oesopnagus lles dorsad on
the tentorial body, and the digestive tract passes turough
the upper division of the occipital foramen. The brain is
dorsad of tine oesophagus and posterad of the dorsal arms.

Tne circumnoesophageal connectives lie against the anterior
margin of the tentorial body and unite beneath it in tne sub-
oesophageal ganglion., The ventral nerve cord runs along the
ventral side of tue teﬁtorial pody tinrough the lower section

of the occipital foramen.

Tone tentorium provides rigidity at a critical point
of the cranium, namely, the articulation of the mandibles,
The tentorium thus transmits the stresses brought about by
chewing to the epistomal ridge, the postoccipital ridge, and

the antennal and occular ridges.

-



rig. 1. Syupetrum rubicundulum (Say), 24X. srontal aspect

to show the relationsuip between tue tentorium and

the external features of the head.

fig. 2. Sympetrum rubicundulum (Say), 36%. Sagittal section,

compound eyes and mouthparts removed.
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THE MORPAOLOGY O THE ANISOFYIROUS nZaD

Fanily Fetaluridae

Lfachopteryx tnoreyi hagen (Fig. 3) was the only

species available for study in this family., In following

the angulations of the subgenal and epistomal sutures, the

inner ends of the anterior Flts of this specimen curve
approximately thirty degrees. Thnese pits give rise to moderately
heavy anterior arms which follow the rearward curvature of the
Subgenal sutures., The posterior edges of the arms are concave,
and the ectal ends are considerably wider than the inner ends.,

At a point near their junction with the tentorial bridge, the
ventral surfaces of tue anterior arms are broduced into neavy

projections. from tuese projections arise the mandibular and

maxillary adductor apodemes,

AL the junction of the epistomal and subgenal sutures,
the anterior arms develop sligiit ridges, waich are the begin-
nings of the dorsal tentorial arms. About one third the length
of the anterior arms, these ridges curve upward and merge into
the antemnal and occular ridges. On the lower, posterior

surface of the dorsal arms are found the heavy wmandibular
adductor apodemes.
The bridge of the tentorium is quite wide and deep.

From the ventral, sulcated surface arise the well-developed

9
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apodemes of the ventral cervical longitudinal muscles. As
the posterior portion of the bridge is higher than the
straight anterior edge, the cervical condyles lie above the

main dorsal surface.

The posterior tentorial arms are short and meet at
tue bridge at an angle of approximately thirty degrees from
tne vertical. The moderately long posterior pits are slit-like,

and are open.
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Family Cordulegasteridae

The only representative of this family studied was

Cordulegaster maculatus Selys (Fig. 4). Because the subgenal

and epistomal sutures of tnis species meet at a distinct angle
of approximately forty-five degrees, the anterior pits assuae

an L-shape.

Originating at the extremities of the subgenae, the
outer ends of the anterior arus are quite wide, and the
posterior edges are concave. Just before the arms unite with
tihe bridge, the ventral surfaces are produced into slight

projections which bear the uwandibular and maxillary adductor

apodemes.

Sligut ridges arise on the anterior arms, in the area
of the subgenal and epistomal sutures. These ridges, the dorsal
tentorial arms, are almost imaediately produced upward. The
basal, posterior surfaces of the dorsal aras give rise to the

light mandibular adductor apodemes.

The tentorial bridge is quite wide and deep. There
is a moderate swelling on the enterior edge, and the ventral
surface is sulcate. The longitudinal cervical apodemes are
quite heavy. Because the posterior edge of the bridge curves

upward, the cervical condyles lie above the dorsal surface of

the bridge.
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The open posterior pits are long and slit-like. They
give rise to relatively long arms which meet the bridge at an

angle of about forty-five degrees froum the vertical.
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Fig. 3. Tachopteryx thoreyi Hagen, 24X. Dorsofrontal aspect,

compound eyes and moutnparts removed.

Fig. 4. Cordulegaster maculatus Selys, 24X. Dorsofrontal aspect,

compound eyes and mouthparts reumoved.
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Family Gomphidae

From the front, the anterior pits of Gowmpius exilis

(Selys) (Fig. 5) form a smooth curve that is bent approximately
thirty degrees at the inner ends. Tne anterior arms begin at
the outer extremities of the subgenal sutures. They do not,
nowever, follow the rearward curvature of the subgenae. The
posterior margins of the arms are straight and are strengtnened
by a thickened edge. Ventrally, the arms produce moderate
projections which give rise to the mandibular and waxillary

apodemes.

The dorsal tentorial arms arise as slight ridges on
the top surfaces of the anterior arms. These ridges start in
the vicinity of the anterior mandibular condyles, and are
produced upward about one half the length of the anterior
arms., The moderately heavy mandibular adductor apodemes arise

from the basal, posterior surfaces of the dorsal arms.,

The moderately sized bridge has a straight anterior
edge. As the posterior edge of the bridge is produced upward,
the cervical condyles are positioned considerably above the

Ssulcate, dorsal surface of the bridge.

The slit-like posterior pits are moderate in size and
open. Tine short posterior arms ieet in the bridge at an angle

of about fifteen degrees from the vertical.
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The construction of the tentoria of the ensuing
four species so closely follows that of G. exills, that only

a few notes are necessary to describe their differences.

In G. fraternus Say, the anterior pits as seen from
the front, nave a slight L-snaped appearance, due to tne angle
at which the subgena and epistomal sutures meet. The rear ,‘
edges of the anterior arms are concave, and follow the curvature
posterad or the subgenae. The dorsal arms are produced upward =
about one third of thne length of tne anterior arms. There is

a slignt bulge on the anterior edge of the bridge.

The subgenae of G. spicatus (Hagen) 1is not continued
to the rear, and although the outer ends of the anterior arms
arise at tne extremities of the subgenae, tne posterior edges
of the arus are straigiht. Ventrally, tine projections giving
rise to the wandibular and waxillary apodemes are quite heavy.

Tne forward edge of the bridge iias a sligut bulge.

In QOphiogompuus rupinsulensis (lWalswu), the outer

ends of the anterior arus follow the backward curvature of the
subgenae, and the posterior edges of these arms are concave.
Tue forward ridges of the dorsal arms, before tuey are produced

upward, are moderate in size.

The subgenae of Frogomphus obscurus (Rambor) are not

broduced to the rear, and the posterior edges of the anterior

arms are straight. From the ventral surfaces of tnese arms
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arise only slight projections for carrying the adductor

apodemes. The posterior pits are open and round.

The most heavily constructed tentorium of all species

examined was found in Hagenius brevistylus (Selys). The

anterior pits of this species are bent at an angle of about
forty-five degrees at the inner ends. These pits are not

straight slits, but curve outward as they follow the subgenal

P e e m

sutures., From a frontal aspect, the pits appear roughly
L-shaped. Tihe outer ends of the anterior arms follow the
rearward curvature of the subgenae, and the posterior edges
of the arms are concave. On the ventral surfaces of the
anterior arms, adjacent to the bridge, are heavy projections

wiich bear the maxillary and mandibular adductor apodemes.

The dorsal arms arise as slight ridges on the upper
surface of the anterior arms approximate to the anterior man-
dibular condyles. These ridges are produced upward about one
third the length of the anterior arms. On the basal, posterior
surface of the dorsal arms are found neavy mandibular adductor

apodemes.

As the posterior area of the bridge is produced
upward, the heavy cervical condyles lie above the dorsal
surface of the bridge. DBoti dorsal and ventral surfaces of the
bridge are sulcate, and the anterior edge of the bridge is

sligntly concave.
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The open posterior pits are long and wide. The
short posterior arms meet thne bridge at an angle of approxi-

mately ten degrees from the vertical.
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Family Aeshnidae

The anterior pits of Aeshna constricta (Say) (Fig. 6)

are smootinly curved as they follow the subgenal and epistomal
sutures., These pits are bent at an angle of approximately
forty-five degrees at the linner ends. Arising from the pits
are heavy anterior arms that follow the rearward curvature

of the subgenae. The concave posterior margin of the arms are
strengthened by a round, swollen edge. At the end of the
subgenal sutures, the tips of the anterior arms are dorsally
extended and fuse into the ocular ridges. Ventrally, the arms
give rise to the mandibular adductor apodemes, directly below
tone point at wnich the dorsal arms are produced. JTumediately
posterad of these apodemes, the ventral surfaces of the
anterior arms develop large projections wnich extend backward
to the bridge. These projections are long, and the inner
edges form an ellipse that is almost closed at the distal ends.
From the tips of tnese projections are produced the maxillary

adductor apodemes.

Just inside the point of junction of the subgenal
and epistomal sutures, ridges are produced on the upper surfaces
of the anterior arms. These ridges, the dorsal arms, rise
abruptly within one fifth the length of the anterior arms.
Fart of the ocular ridge is ventrally extended to weet and
fuse into the posterior surface of the dorsal arms. This

leaves a portion protruding from the outside edge of the arm,
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making it appear to have a shallow keel. A faint carina runs
from each anterior mandibular condyle to merge into the
posterior surface of each arm. 7Tnere are no mandibular
adductor apodemes attached to the posterior surfaces of the

dorsal arms.

Tne large tentorial bridge anas a concave, sulcated
forward edge. Ventrally, the surface of tne bridge is smooth

and bears well developed ventral cervical longitudinal apodemes.

The cervical condyles are in the sawe norizontal plane as the

sulcated dorsal surface of the bridge.

The slit-like posterior pits are long and open.
The long posterlior arms meet thne bridge at about a forty-five

degree angle from the vertical.

The tentoria of A. canadensis (Walker), A. interrupta

(Walger) and Anax Jjunius (Drury) vary little from that of

A. constricta., In all of these species the posterior pits

are round. Tne projections of the anterior arms, which bear
the maxillary adductor apodemes, form a more ovate-rectaungular
figure on the inner edges. In xeeping with tuis inner con-
figuration, the tips of the projections are widely separated.
From a frontal aspect, the anterior pits of A. canadensis

eppear L-snaped.



20

Fig. 5. Goapuus fraternus Say, 24X, Dorsofrontal aspect,

compound eyes and uouthparts reaoved.

fig. 6. Aescina constricta (Say), 24X. Dorsofrontal aspect,

Compound eyes and mouthparts removed.
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Yamily Libellulidae

In the subfamily wacrominae, only i.acromia

illinoisensis (iialsh) and Didywops transversa (Say) were

examined. As the tentoria of these species are almost

identical, a description of .. illinoisensis will suffice

for tnis taxon. This description will also serve as a model

for the typical libelluline tentorium (Figs. 1 and 2).

The anterior pits of u. 1lllinoisensis are not

straignt slits, but curve smootinly outward as they follow
tue subgenal and epistomal sutures. Tne inner ends of the
pits are durved approximately forty-five degrees. As the
anterior arms follow the rearward curvature of the subgenae,
the ectal ends of the arms become guite wide and their pos-
terior edges concave. At the termination of the subgenae,
the tips of the arus are dorsally produced and fuse with the
lower portion of the ocular ridge. Anterad of the bridge,
the ventral surfaces of the arms give rise to slight pro-
jJections which bear the maxillary adductor apodemes., Forward
of these projections, tue ventral surfaces of the arms bear

tne mandibular adductor apodemes.,

The dorsal arms arise as shallow ridges on the
anterior arms. Tuese ridges, originating near the anterior
mandibular coandyles, are produced upward within one gquarter
the length of the anterior arms. Segments of the ocular ridges

extend downward to meet tie dorsal arms. Because the forward
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parts of these segments fuse to tne posterior surfaces of
the arus, the anterior edges of the arms remaln free and
appear as carinae., Tnere are no mandibular adductor apodeumes

on thne posterior surfaces of tne dorsal arms.

Botn surfaces of the tentorial bridge bear a sulcus,
as does the straight anterior edge. The ventral cervical 13
longitudinal apodemes, which originate oan the under surface .
of the bridge, are delicate. Because the posterior end of
the bridge is produced slightly upward, the cervical condyles

lie just above the dorsal surface of the bridge.

The open posterior pits are quite large and crescent
shape, and give rise to crooked arus wnich meet the bridge
at an angle of about forty-five degrees from the vertical.
The only significant differences between the tentoria of M.

illinoisensis and D. transversa appear in the posterior arms

and the cervical condyles. In the latter species, the arms
are sihorter and straighter, and the cervical condyles are

level with the dorsal surface of the bridge.

With slight wodifications, the design of the tentoria
of subfamily Cordulinae is similar to that of the subfamily
Macrominae. Unless noted, the details of the following species

are in agreement with k. illinoisensis.

All of the species of this subfamily have cervical

condyles that lie on the same level as the bridge, except
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Cordulia shurtleffi (Scudder) where the condyles are slightly

above the bridge. As seen from the front, the anterior pits

of C. saurtleffi, Dorocordulia libera Selys, Somatochlora

minor Calvert, and Tetragoneuria cynosura (Say) are straight.

The dorsal arms are not produced upward as quickly as in

M. illinoisensis, but arise about one half the length of the

anterior arms., The anterior edge of the bridge of these
species is round and sulcate, with the exception of S. minor
which is straight and sulcate. C. shurtleffi and D. libera
have posterior arms that are short and straight, while those
of S. minor and T. cynosura are identical to the crooked arms

of d. illinoisensis.. All of these species have moderately

long, slit-like posterior pits except T. cynosura, which has

large, crescent-shaped pits, and Tetragoneuria spinigera Selys.

The latter species has S-shaped pits that are moderate in
size. Although the tentorium of T. spinigera is stouter than
the general macromine and corduline tentoria, the bridge is
thinner in comnstruction. The anterior edge of the bridge is
round and not sulcate. Dorsally, the surface 1s hollow and
lies above the ectal ends of the bridge. The posterior arms

of this species are short and thick.

Of the fourteen species of subfamily Libellulinae
examined, none of them differed radically from subfamilies
liacrominae and Cordulinae. Exceptions to the general structure

of the tentoria of Li. illinoisensis occur in the following species.
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The tentoria of Libellula cysnea (Fabr.), L.

pulchella (Drury), L. guadrimaculata Linn., and Nannothemis

bella (Uhler) all differ from that of il. illinoisensis in

having L-shaped anterior pits. The tentorium of N. bella
is unique in its slightly longer posterior arms. In all of
these species, the moderate sized posterior pits are slit-
like, and give rise to snort posterior arms. The dorsal
surface of the bridge is level with the cervical condyles,
and the sides curve downward so as to be below the level of

the center portion of the bridge.

Sympetrum obtrusua (Hagen) and S. rubicundulum (Say)

have indistinguishable tentoria. They both differ from M.

illinoisensis in having slit-like posterior pits. The cervical

condyles lie on the saune level as the smootn, dorsal surface

of the bridge. The anterior edge of the bridge is round.

Tihe tentoria of Pachydiplax longipennis (Burm.)

and Perithemis tenera (Say) are quite similar. Both have

slit-like posterior pits and cervical condyles that are on
tue same level as the dorsal surface of the bridge. P. tenera,

however, does not have a sulcated bridge. Yerithemis lydia

(Drury) conforms to the design of ii. illinoisensis, except for

the cervical condyles, wiich are angled upward and lie slightly

above the bridge.

Tne following five species are not consistant in

their structural variations frow otlier members of the Libellulinae.
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Both Erytnemis siaplicicollis (Say) and Erythrodiplax

minuscula Rambur have tentoria witn L-shaped anterior pits,

The tentorium of E. simpliclcollis has S-shaped posterior

pits and the anterior edge of the bridge is round. 1In E.

minuscula, the posterior pits were found to be closed. The

tentorium of Celithemis elisa (Hagen) has round posterior
pits and a thin bridge that is sulcate on the ventral surface
only. In Ladonna sp., the large posterior pits are slit-like,
and the dorsal surface of tne bridge is without a sulcus.

Leucorrhinia intacta (Hagen) is also characterized by slit-

like posterior pits in the tentorium, but these are moderate
in size. Here, the ventral surface of the bridge is not

sulcate.



DISCUSSION

The description of the dorsal arms as ingrown
apodemes, by Needhau, Traver and hsu (1935), was not sub-
stantiated by this investigation. A careful exawination of
boiled heads shows no signs of any external pits which such
invaginations would produce. All observations show that these
arms must arise as projections of the anterior arms. In some
heads, deep pigmentation of the antennal and ocular ridges
produces a distinct line of demarcation at the point of fusion
with the dorsal arms. Prolonged boiling of many heads in
potassium hydroxide nave caused the ridges and arms to separate
at this point. The ventral extension of the ocular ridges to
the arwus in the fawmilies Aeshnidae and Libellulidae, further

delineates these two structures and tneir mode of junction.

Snodgrass (1928) states that tne primitive location
of the anterior pits is in the subgenal area. Nelther he wor
Hudson (1948) mention that the ectal ends of the anisopteran
pits extend into the outer regions of tne epistomal sutures.
Hudson's (1944, 1947, 1948, 1951) work on the tentoriun is
extensive. iis section dealing with the Odonata (1948),
nowever, is too gemeral to be used in a definitive study of
the suborder Anisoptera. Ludson does not identity the man-
dibular and maxillary adductor apodemes which originate on
the tentorium or the cervical condyles. He refers to these,
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respectively, as the tendenous outgrowths and the semi-
circular projections., He states further thnat the ventral
cervical longitudinal apodemes "may possibly be regarded as
the tendons of the flexors of the headeee....". These
structures were found to be of extreme importance in this

study.

Lew's (1933) work on the odonate head, based largely
on external features, reports that heavy sclerotization has
closed and obscured the posterior pits in the adult forms,

This condition was not found by the author. All heads, except
E. minuscula, had posterior pits that were open and readily
visible. This discrepancy may possibly be ascribed to
desclerotization produced by the boiling of the heads in
potassium hydroxide. Another difference was noted in the
nomenclature used. Lew calls the tentorial bridge "the floor
of the foramen magnum" and the aperture below the bridge, the
labial cavity. As the ventral nerve cord passes through the
latter opening, this opening must also be part of the occipital
foramen, wnich is divided into two parts by the bridge. Although
Lew does not give a comparative study of the tentorium, inis
overall analysis of the phylogeny of the head is thorough.

Using the size of the compound eyes and the interocular distance
as the most important characteristic, Lew places the families
Gomphidae and Petaluridae closest to the primitive form. He
considers the families Cordulegasteridae, Libellulidae and

Aeshnidae, in that order, to be nigher in development.
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As far as is known, the presence of a third man-
dibular adductor muscle on the dorsal arms of only three out
of the five anisopterous families has not been described
before. Both Snodgrass (1935) and Short (1955) consider the
retention of this muscle a primitive feature. The fact that
this muscle is found in the families FPetaluridae, Gomphidae
and Cordulegasteridae is an indication that these groups are
close to the primitive type. Using the size of the muscle
apodeme as a criterion, the closeness to tne condition where
the adductor was normally functional can be Lypothesized.
Because the muscle apodeme is heaviest in the Fetaluridae, it
would seem that this family lias the most primitive musculature.
The moderately constructed adductor apodeme of the Gomphidae
would place this group in an intermediate condition, while the
lightly constructed wuscle apodeme of the Cordulegasteridae
would indicate that this group has evolved further along the
line leading to the loss of the muscle., The presence of a

heavily constructed adductor apodeme in H. brevistylus would

indicate that this species Las developed along different lines
than the rest of the Gomphids. Both families Aeshnidae and
Libellulidae have evolved far enough to have lost the third

mandibular adductor.

It would appear that in the anisopteran head, the
developmment nas been one of both contraction and elongation.

The wide heads of tine retaluridae and Gomphidae have compound
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eyes that are separated by a broad occiput and vertex. These
families have a tentorial bridge tiat lies almost in the

same vertical plane as the anterior arms. During develorment,
tine anisopteran eyes nave drawn closer together. 1In the
Cordulegasteridae, the eyes are very close together, limiting
the size of the occlput and vertex. The head of the
Cordulegasteridae is still broad, however, and the tentorial
bridge still lies close to the vertical plane of the anterior
arms,., ramilies Aeshnidae and Libellulidae have narrower and
deeper neads than the preceding groups. The compound eyes

of these families have migrated toward tne meson, constrict-
ing the vertex and occiput. A4is a result of this general ventral
elongation of the head, the anterior pits have wmigrated down-
ward and the anterior arus come to lie considerably below the
level of the bridge. A lower position of the aeshnine and
libelluline anterior arms would be necessary to provide support

to the lower portions of this form of head.

In the transforamation from a broad, shallow head to
a deep, narrow head, the angle between the subgenal sutures
(and hence the anterior pits wiich are located there) and the
epistomal suture nas been increased. In the Petaluridae and

Gomphidae this angle is thirty degrees. (H. brevistylus is

the only variation found in the latter family, having an angle
of forty-five degrees.) As the subgenal sutures are drawn
ventrad, the angles are increased to forty-five degrees in the

Libellulidae and Aeshnidae. These sutures also form an angle
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of forty-five degrees in the Cordulegaster which would indicate

that this family has begun developing along similar lines as

. =T —uwm

the preceding two families.

E Tne lengthening of the anisopteran head can also
be traced by comparing the angles between the tentorial

bridge and the posterior arms. These structures form an

angle of thirty degrees in Petaluridae, and fifteen degrees

T

. in the Gompiidae. (An exception to the last measurement is

found in H. brevistylus, in which species the angle is ten

degrees.) In the Cordulegasteridae, Aeshnidae and Libellulidae,

3# the posterior arms are ventrally produced, and the angle formed

}' with the bridge is forty-five degrees.

In the Fetaluridae and Gomphidae, the positiom of

cervical articulation is well above the level of the bridge, and

the occipital foramen extends upward toward tne occiput. Tie

same condition exists in the family Cordulegasteridae, except
that the cervical condyles are only sligntly dorsad of the

bridge. As head s.ape changes, a shift in position of these

structures is noted. The occipital foramen occupies a more central
position in the cranium of families Aeshnidae and Libellulidae,
and with three exceptions, the cervical condyles are on a level

with the bridge. (It is guite possible that the discrepency in

the species M. illinoisensis, C. shurtleffi and P. lydia are
due to malformations or damage to the head.) This migration of

the position of the cervical condyles seems to follow the shift
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in the position of the occipital foramen. It would appear
that a modification in the shape of the nead would change
the point of balance and require a relocation of the cervical

condyles.

Further modifications of tne tentorium occur in the
Aeshnidae and Libellulidae., In both of these families, the
ocular ridges have been ventrally produced to fuse with the
dorsal arms (Filg. 2). As the edges of these two structures
meet at an angle, the arms are left with a slight carina.
This carina acts as a strengthening corrugation and gives
rigidity to the tentorium. Rigidity is also provided by the
extreme tips of the anterior arms, which are curved upward
to fuse with the flanges of the ocular ridges (Fig. 2). With
tnis modification, the arms present a broader surface and a
curved buttress which absorb stresses more efficiently than

those of other families wnich merge in a sharp taper.,

H. brevistylus was the only species examined which

differred appreciably from its family characteristics. The
retention of a heavy, third mandibular adductor apodeme, and
the shallow angle made by the posterior arms and the bridge,
appear to be primitive characteristics. A more advanced
condition is noted in the angle of the subgenal and epistomal
sutures, which is equal to that of the higher evolved
Libellulidae and Aesianidae. It is possible that a further study

of this species would confirm the author's supposition that
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this species has diverged from the general gomphine

development.

The works of Lew (1933) and Sargent (1947) indicate
that tihere is not sufficient justification to arrange the
phylogeny of an order on the basis of any one morphological
characteristic. Sargent investigated the development of the
scalariform tnoracic apodemes and the curvature of the meso-
pleural sutures whicih serve to strengthen the pterotiiorax of
the Anisoptera. lie stated that in regard to the thoracic
apodeme, thne Cordulegasteridae are the most primitive in
development, tie Aeshnidae are an intermediate group, and the
Gompnidae the most advanced. Le reported the Libellulidae
as being a divergent foria, progressing along a line that
developed the mesopleural suture rather tian the scalariform
apodeme., lLew, using the size of the eyes and the interocular
distance of tuhe odonate head, considered the Go.puidae and
the Petaluridae to be primitive types, and the Cordulegasteridae,
Libellulidae and seshnidae, in that order, to be evolved forms.
Tiiese two works serve to point out that a phylogemetic arrange-
went of a group will differ when based upon different mor-
prological criteria. Furthermore, tuese works show that a
hignly evolved form does not necessarily acihieve maximum
specialization in all aspects of its morpnology. Conversely,

a relatively primitive group, such as the Gomphidae, may develop

great specialization in a given structure.
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The author fully realizes the difficulties involved
in using a single structure, such as the tentorium, for
drawing conclusions on tine phylogeny of the group. Neverthe-
less, he is inclined to consider the arrangement of Lew to

be nearer the true phylogeny. It would appear, however, that

the Cordulegasteridae have evolved to a higher level than
attributed by Lew, and may possibly be developing along lines
that diverge from the other anisopterans. DBoth Aesunidae
and Libellulidae are highly evolved forms, but the results

of this investigation do not justify the assignment of the

highest position to the Aesnnidae.

i
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