THE LABIA OF THE ODONATA.

In the selection of this subject for investigation I s influenced
primarily by the lack of knowlege in regard te twe important aspects of
the study of this remarkable appendage. In the firat place up to the

present time no attention whatever has been paid to the mechanism ob the
labium, amd in the second place while some attention has been devoted to
the homologles of Horace, the resuts appear to me incomplete and the sup-
porting evidence insuffilcient.

Aside from the discussion by Gerstaccker of which a detailed account
will be given in the proper place, we have only Very few paragraphs em—

bodied in papers on other subjects, by Rambur, Hagen, Brandt, and Comstock.
The object of this paper is to present such new information as has been
obtained and to supplement and in some cases correct the old. .

The work has been carried on entirely in the labratory of Lake Forresi
College and under the supervision of 7.6, Needham, Ph, D. Prof, of Biology
in that institution.

The material used was obtained entierly from his collection with the
exception of some speciméns loaned 6& the U,S. National Museum of Compai=
ative Zoology and the Imperial Museum of Berlin whieh were at that time
in his posession. The series of mounted adult labla whioch were stugiad,
wag vrepared by me in specimens obtained from the above sources, with
regard to the Ontogentie material, the eggs of Anx Junius weréfcbtaiﬁed
when laid and developed in confinement. The emnryonin:stagas;étudiaa
were taken from aggs respectively seventcen and twenty deys old. The
enbryvaénie stage of Lestes Umecata was obtalned from some eggs collected by
Prof. Needham, and the time which had elapsed since tney were laid was
uncertain,

The majority of the drawings were made by me directly from the spec-
imens, A few however were made froﬁ photograrhic platés and some unpublish
ed drawings by Prof. Needham.

THE MECHANISM OF THE LABIUM, _

Every one who has devoted any attention whatscever te the study of
the odonata has been impressed by the enormously and curiously shaped
Labium. This labium, which has been, not inaptly, compared to en asp,
in the Libellulidae comnletely covers the remaining mouth parts and in

the other families very nearly so, At first glance it seems unwelldy
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#n size and shape, put it is capable of remarkably swift and aceurate
movement. If one observe lagge nymphs of Anax Juniué in proximity to
which a few Ischrure nymphs have been placed it will be seen, that direct-
1y the former observed them, they remained perfectly quiet until the prey
comes qiite close to them, then with a motion so swift as to preclude the
observation, the labium is derted out, the vietim seized and instantly
drawn up into a osition in which the Mandibals can be used with,gﬁvantage.
The strenght .of the labium is surprising, indeed when the animal is held
suspended in the a;r by its extended tip, he can with ease 1ift a weight
of his entire body up to the support.
The powerful muscles and hinges which constitite the machanism of the
labium have never hither-to been investigated, these vnricus.movemﬂnts
are however secured by a comparatively very simple apparatus., For an
understanding of the-machanism of the labai, it would be necessary first
of all to consider what are the various divisions qcmposing_thé aprendage.
The tipical labium consists of a sub-mentum and (sm.pl.l Fig. 1.),
amentun end— (m.'nl.l. Fig. 1), a ligula( 1i., Pl. 1 Fig. 1) which veries
greatly in shape in the various families; two lateral lobes (11, Pi, 1.
Fig. 1) composed of a moveable hook ( mh, Pl. 1 Fig, 1) and an end hook.
these various parts are hinged together at four points, the movelble'hooks
are hinged onto the lateral lobes, the lateral lobes in their tuin are
hinged ontc the mentum at an—e% the apical hinge, pﬁd there a§e hinges
at the joining of the mentum and submentum, the middle hinge, and that
at the juncture of the sub-mentum with the haad, or the basil{ninge.
The movpable hook is without ruseles,but four pairs of;mﬁéolas are
go arranged in connectinn with the hinges before MWntionea,’aa to pro-
duce all the movements of which the labium is capable, These are a
pair of abductors (e a Pl. 1 Figs, 1 & 2), a pair of abductors (D b P11
Figs 1 & 2.), & palr of exbensors( d d. P1 1 Figs, 1 375) and a pair of
flexors ('c ¢, Pl. 1 Figs. 1 & 2 ).The abductors, which are fastensd %o
the external tendonous prolongation of the lgtoral lobe at 1£a.1ns¢rtion
into the mentunm and which have their origin in the floor ;f tha;subementum
popximal to the middle hinge, served to throw the laveral lobe out as the
labiur is thrust out. The-anductors which are inserted at tle inner
tendanous prolongation of the lateral lobé and whieh also;af;ainﬁta in the
floor of the sub-mentum at a point a little diatal-fb the origin of the
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abductors, serve to draw the lateral lobe down against the ligula.
The extensors have their origin upon the forward prolongation of the
hypo-pharynx and passing over the flexors and above the atiductors near
their origin, upon the hind ventral mentum below the hinge, These
extensors by pulling over the basal hinge and the middle hinge obtain
the leverage necessary to throw the entire labium out to its full lenght.
The flexors, originating upon the tentorium, somewhat above the origin
of the extensors, and inserting into the supero- lateral margin of the
mentum distal to the hinge, by means of a tendon, fold the labium down
into a p&sition of rest.
Thus by the action of the abductor muscle in combination with the
extensor and with the abductor with the flexor, the labiam is thrust
out the lateral lobes opened and the movable hooks mechanically extend-
ed, then when the vietim is within touch, with the moverment equally
rapid and concerted, the lateral lobes are drawn down, the labium closes
and the prey is held in a position in which it can most easily be de-
vouread, _
ONtOGENY OF THE LABIUM.
Lestes.-
Amazingly various as are the shapes of the labium more especlally
the shape of the lateral lobes, in the various families of Odonata, I
thought it probable that greater simplicity of conditions might be dis-—
covered in the early nymplal and embryonic stages and that in this way
gome new light might be thrown upon the homologies of Horace. With
this in view I studied a series of labia of Lestes uncata begining with
the embryonic stage (Pi. 4, Fig 14 ), the stage at which the develop—
ment id temporarily stoped when mestibation begins, (See account of
the 1ife history of Lestes by Prof. J.G. Needham in bul. 68 of the NY,
State Museum pages 1903), and passing through a series of eight
nympaal stages up to a condition aproximating that of the full grown
nympl ( Pl., 2, Figs. 1-8).
In the drawing made from the embryonic labium (P1l, 4, Fig, 13) it
will be obscrved that the development of the ligula is very imperfect
in comparison with that of the lateral lobes showing two series of teeth

_ with a lobe above the second series. This is probably the result of

retarded development, The movable hook is already well develoved and
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geparated from the remaining partis; the teeth are developed on the distal

margin and to a less extent than the inner margin, the one.at the end

is already dirferentiatcd as end hook. In the earliest of the nymphal
stages ( Pl. 2, Fig.l ), the lateral lobes are separated by a low broad
1igula which has developed extraordinarily and which shows a trace of

a cleft in the middle. on elther side of this cleft are two teeth the

precursors of those lobes which in the full grown nymph extend across

the entire width of the mentum, The suture between the ligula and

the mentum which in nymphs has hitherto been entirely overloocked, arpears

as a transverse line with a pair of minute teeth at its £

point. The position of the teeth on the lateral lobe 1s much changed,
owing perhaps to lateral expansion, the end hook 1s less evident but

the development of the other teeth is about the same as in the previous
stace.

In the next stage (Pl. 2, Fig. 2) afyer the second moult, a well
develo ed seta is observed on the lateral lobe and the begining of one
one the movable hook, one is also rresent on éither glde of the mentum,
but this is not represented in the figure, The mumber of teeth on the
inner edge of the lateral lobe has increased, while among those on the
end, the one which latber forms the end hook is consplcuous by 1ts size
and is already divided from the others by a sguture, The number of
teeth on the lirula has increased and the cleft deepencd, while a pro-

nounced tooth has devedoped on the sutural line before mentioned.

In the third stage (Pl. 3, Fig, 3) the seta on the movable hook
has attained its full develorment, the cleft between the end hook and

the remaining teeth has beeome more marked, while the number of taath
on the ligula is still further increased and the edge og the ligula
on either side of the cleff has become slightly elevated. Aftor the
fourth moult ( Pl.2, Fig. 4) a differentiation is noticeable amoung
the end tecth, the twe at the extreme edges bhecoming slightly larger
than the others and turning outwards away from them. Two setae make
their avpearance on the mentum, In the next stage ( Pl., 23, Fig. 5)
the principal change is in the gradual dissapearance of the sguauzmal
line, the rest of the develovment scens to be capitally stationarvy.

In the sixth of the series ( Pl. 2 Tig. 6) a secon d geta makes
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its appearance upon the movable hook, while the terminal teceth of the
end group have become larger and are geparated from the others by deeper
cleffs. Three setae appear upon the mentum on either side. In the
succoeding stage (Pl.2, Fig. 7) the separation between the terminal
tecth of the end group and their companions has increaged and their 1is
an increase in the numwer of teeth on the border of the ligula.
In the stage represented in plate two, Fig. eight, we find a condition
very similar to- that of the full gromn nymphal labium. A third setae
has developed on the movable hook and three are present on the mentum,
The clefts between the end hook and the end teeth and the terminal teeth
of the enhd group and the central ones have reached their maximum depih!
The number of teeth on the inner edge of the lateral lobe and on the
ligula has reached its maximum, The line beneatn the border of the
ligpla has become a mere trace, the tooth which figured so prominently
in the early stages being represented by a chitinized spot. The cleff
in the ligula has reached its greatest depth. With the exception af
a few additional sedae upon the mentum this stage represents the full
grown nymphal labium, no more changes take place until the transform-
ation from nymph to adult.
Anax Junius.and Baslaesechna janata.
In the series of Anax junius contains two nymphal labia in different
stages of development, and two embryonie labila. In the youngest em—
bryonic labium (P1.3, Fig., 1) the mentum 1s composed of two lobem
gerarated by a deep eleft running almost to the sub-mentum, The ligula
is as yet undeveloped. #The movable hook 1is not as yvet separated from
the rest of the lateral lobe, in shape 1t strongly resembles the campus
of the maxilla, In the succecding stage (Pl, 3. Fig.2) we have a con
dition much further advanced and comparable to the embryonic labium og
Lestes uncata (Pl, 4, Fig. 13). In this the hook like character of
the movable hook has become distinet and teeth iike have been developcd
- along the end of the lateral lobe and two upon the inner edge. Tecth
have d veloped in two series at the base of the cleft between the two
divisions of the mentum and immedilately above the lower series i1s a
marked indentation whieh appears to be the beginning of a suture divid-

ing each lobe of the bevelo ing ligula into two parts. The shifting
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which these parts undergo in forming the ligula as it appears in the
nymph will be discussed latter( page )e

The earliest of the nymrhal labia(Pl. 3. Fig. 3) shows compar-
atively little change in the lateral lobe, The number of teeth along
the uvpver end of the lateral lobe has inereased and two rudementary
setac have appeared upon the lateral lobe just below the rovable hook.
fhese gsetac are exceedingly interesting from an historical standpoint
as raptorial setac never aprear upon the latt r nymphal or upon the
adult labia of Anax jinius and were believed never to be vresent in
the Pamily, In contrast to the lateral lobe the ligula has develop-
ed enormously, having almost the appearanee which it axhibits in
a full grown nymph with the exception of a group of four teeth
on either side of the cleft, The line beneath the border of thellgula
which was noted in Lestes uncata. appears here also, In the next
succeeding stage ( Pl, 3, Fig. 4) we have a slightly latter stageof
developnents The diff rences are, however, slight consisting in
the appearance of a number of teeth on the inner edge on the end hook
and of the second group upon the border of the ligula.

The develovment of the labium of Baslaeschna janata is along
ruch the same lines as that of AnaXx. In the condition shown in
( P1, 3, Fig. 5) we have a state gtrictly comparable to that shown
in ( Fig. 3) of the same plate. In this figuru one of the teeth
upon the end is already slightly geparated from the others and has
becone longer., It ig this tooth which remains as the end hook while
the others diesapipear. In the latter stage (Pl. 3, Fig 6) toeth have
anpeared upon the inner edge onof the lateral lob: and hairs are
developed along the edge of the ligula. In the stage shown in (Pd.3
Pig, 7) the only difference is in the decrease in size of the teeth
on the end of the lateral lobe and on either side of the cleft in
the ligula, and in the almost complete closure of that cleft. In
the last stage (Pl., 3, Figl 8) the end hook has become more_hook
like. The one tooth has become a hook itself and the others ﬁre
represented only as chitiniz-ed spots. The teeth on the inner edge

of the lateral lobe have increased in number, while those on either

side of the cleft in the ligula have dissappeared being representeq
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only by a band of ohitin.' The hair along the border of the ligula,
which in the early stages were small have increased in size and covered
the entire border up to the cleft, The cleft is represenied only
by a slight depression and by a line extending down upon the surface

of the meritum to about its original depth.

Libellulidae,

In contrast with Basia< schna in which the develovment tends
toward the disappearance of the teeth on both lateral lobe and ligula,
we have the representatives of the.Libellulibae, namely Epicordulia
Princeps, Tetragonuria cynosura, and Libellula‘nulohella, in which
the tendanc$ throughout the nymphal 1ife 1s to inerease in complexity

in both lateral lobe and ligula, In the new hatched Epilcordulia
(P1, 1, Fig. 4) the ligula is comparatively simple. The center 1is
marke® by a slight depression between, two slight elevations, whileon
either side is inserted a small spinule, Beneath these is a line,
probably the indication of a former suture, and beneaih that six
getagerous punctures. The second stage (Pl, 1 Fig. 5) shows a
number of teeth along the border of the ligula, while the two spinules
have increased considerably in size and four smaller ones have developed
one above art below the before mentioned ane on either of the center
od of the ligula. In the final stage( Pl. 1. Fig. 6) the border of
the ligula has become still more ooﬁplioated the number of teeth has
increased and below and in the notehes bet ween each pair of teeth is
a splnulé, These diminish in size from the center to tha'adges of
the ligula. The gix sepagerous punctures have entirely disappeared.
The new hatehed lipgula of Tetragonuria ( Pl, 1 Fig, 7) shows al
alnost exactly the same condition as the eariy stage of Epicordulia.
The two sninules and the simth irregularly placed aetagerous unctures
are present but the teeth between the setae zre three in number and
are not uniform in sixe. Libellula pulchalla shows the
six setagerous nunctures placed some distance below the border of the
mentun, but the spinules are absent and the border nresents not

distinetly defined teeth but instead in the exact center are four small
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irregular elevatlons. The lateral lobes of Libellula and of
Epicordulia are almost identical.

The new hathhed Gomphus spicatus (Pl.1 Fig. 3) is wobthy of notuce
egnecially with regard to the develorment of the teeth on the lateral
lobe. Instead of having teeth on the upver end as in Labellula and
Epicord-lia or on the 1nneq edge as in Basilaeschna, they are placed
all around the edge, giming an 1nterme¢1&te condition,infrom which
the develovment might very easily go in either direction, 1o end
hook 1is diffef%iatad. The ligula shows four teeth in the center
with a spinule on either side and finally a tooth on the outside of
eace spimule, The line irmediately inder the border of the ligula
which ghowed so »nlainly in pico~dulia is less vlainly marked,

HOMOLOGIES OF PARTS.

The moet important paper upon the paper upon the homologies of the
parts of the labium, which has appeared up to this time, isZur
Morpholegie dexr Orihopera Amphibotica" von A,CGerstascker. In this
cerataccher advances the thepry that the ligula of the lablum is formed

by the fusion of the two laciniaw and that each lateral lobe consists
of the fused calpus and galea. In support of this theory of the
homologies of the parts of the 1abia and of the maxilla he offers cthe
following evidence; the similarity in appearance, in the imago, of he
movable hook of the lateral lobe and of the terminal joint of the
calrus, the separation of the 1ateral lobe into two varts by a longitud-
inous suture and the difforent inclination of the surfaces of the two
parts.

Thas assertion appeared to me to be based upon very insufficient

evidence especially in view of the fact that the suture whioh he mentinm
of dividing the lateral lobe into two parts seens to be entirely
absent in such labia as have been oxanined in the course of this study.
A wide furrow is present but with careful observetion o no suture could
be detected. In another particular Gerstaechers contention appears
to me illogical, for while he very truly contends that it is probable
that the missing Jjoint in maxilia and labiun is fused with one of the

others, in the maxilla he believes the lacinae and galeae to be fused
together, while in the labium he very inconsistantly deelares that

calpus and galeane are fused togethor to form tha latoral lobe, whil
’ €



the ligula and mentum represnet nearly the two lacinae,

In the course of my examination of adult labia I noticed a fact
which secems hithekto to have been overlooked, namely, the presence in
certain Agrionidae of a distinet suture which starting firom the base
of the cleft of the ligula runs transversly to within a short distance

of its border, and then turning runs paralell with the border down
to the mentun (Pl, 6. Flg, 6) The transverse portion of this line

is bordered with hatrs and at the side nearest the cleft from the ligula
it ie produced intc a point similar to that of the border of the
ligula, In Platyenemis acutipennie (Pl, 6. Fig., B) we have a simdlar
eondition withe the exception of the hairs within the suture, upon the
lower vart of the mentum,

The presence of theés distinotly defined suture upon the mentum
gave rise to the opinion, which, without mueh supvc¥ ting evidence
ig advanced by Rambur and Hagen, that the mentwn was formed by the
consolldation of two'yairs of the appendages of the maxilla, the lacinae
and galeae, and that the lateral lobe repersented the palpus alone,

An examination of the labia of several specles in the embryonis stage
comfirm to thaés opinion. In the embryonis labium of Lesies uncata
(P1., 4, Mg, 13) it will be observed thab the teeth in the cleft betve en
the two divigsions of the developing mentum are forming in two sets,
The lower series, congisting of three teeth inereasing in size from
the bottom upward are already w quite storgly chitinlzed and appear
to be senarated from the others by a short dlatance, In the emprvonic
lapiun of -Anax junius (Pl, 3, Fig. 2) this separation is marked by a
deep indentation, evidentaly the beginning odof a cleft whieh lattor
will divide each lobe into two.

 Jow this theory dsumes that the lower sets of teeth represents
the tooth 1lborders of the lacinas and the upprer those of the galaea
while the lateral lobe rerresents the alpus mueh modified in shape
and complicated by its change in funetlon, in the develorment of
the ligula the ldcindae consolidate and the lobes representing
the galeae grow together above them, inclosing them on 2ll sides ax-

centing at their junocture with the nmentun, This theory gains for us

from the fact that in many of the Orthoptera and Plecontera
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a condition exists analogous to this of the embryonie atage. Notahly
in Diapheromera and Prisopus we f£ind the laminae extorna slippkng up
over the laeinme in such a manner as to partially surround much as is
the case in the embryonia labia of Anax, It will farther be observed
that the lateral lobe artioulates witht a segment quite separate fromn
that with the ligula articulate, and that this piece seems in every way
to correppond to the palpiger. From this evidanca-it seams reasonallic
to conclude that, in the so callod lateral lobe of the labium of the
Odonata, we have represgentad merely the pappalpus of the typleal maxilla,

while the ligula and mentum reprasent the sonsolidated lacinae and galeac

CORMPARATIVE ANATOMY OF NYMPIAL AND ADULT LABIA BY GRCUPS.

The forms of the labia are excesdingly variable in the various families
of the Odorata, both during the nymphal life anf later afier transform-
ation., Thr variations in a single group are however comparatively

slight and each group can be adaguately represented by a single typiecal
gpeciman -together with several of those showing the most‘markad differ=

ances, .

Adult labhla
Libellulldae.

In the labia of adult Libellulidae average witidth of the mentum and

1igula is 1,87 times.its lenght, while the ligula exhiblts a rounded
voint without a oleft. The lateral lobes are uniform in shape, the
proportion of léngth to width being 1:1, they are deeply coneave. The
end of the lateral leobe is rounded and eovered with halrs externally,

and the movable hook is a very small and sharply pointed rudiment.
Kicrathyria berence (Pl,6, Fig. %) is typieal of the adult Libelluiid
labium, In this group the chief variations are in the movable hook
and in the dispdiion of the hai rs on the lateral lobe., In Synthenis
crebistyla (P1.6 Fig. % D) the movable hook is represented by a ohitinized
gpot while the nairs are sperse and are placed all around the border-
of the lateral lobe, Much the same condition exlets 1in Didymops
transversa (Pl.6. Fig. 3 B ) but the kairs appear on the surfage of the

iateral lobe and there is a marked depresslon in the border of the
lobe directed benhind the ehitinized spot forming a small lebe in front

of the movable hook, Cordulia shurtleffi (Pl. 6 Fig.3 A.) has
the hook wider and blunter, with the pairs very abundant. Psuedo phlebla
minima (Fig. 6 Fig. 3C) is deeply chitinized along the inner border of .
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tlie lateral lobe, and the hook is short and sharp. It differs from
Mlorathyria however in the absence of hairs on the surfecs of the lateral
lobe. This group 18 much more spacialized than any of the cothers and

is difficult of commarison ag the changes, esvecially in the lateral
lobe, and almost obliterated the hcoks,
Aeschninae,

The Aeschninae present charistics widly diffserent from those Just
emntioned, Thr width of the mentum and ligula is usually 125 times its
length, and the sleft though ordinarily absent is alwaya indicated either
by a slight depression in thqcenﬁer of the ligula or by the arrangement

of the halrs along its border, Sometimes, however, a short but distinot
apiel cleft i# vresent, The movable hookK is well developed; a short
fleshy, and usually blunt and upon the lateral lobes on either side of
it is develoned a more or less well defined hook, Both lateral lcbes
and ligula are covered with numerous hairs. L vory gook representative
of the group is Gynacantha trifidis (P1,6 Pig.. 4 ). In coryphaeschna
ingens ( Pl.6. Pig. 4 A ) the movable hook is-iunuasually large in the
end hook is large and deterred, The ligula ( P1.6 Fig. 4 B ) shaws
a s8light elevation in the middle of its border with = shori cleft in the
center, In Aeschmopnleeia anisortera (»l, € Flg, 4 ¢ ) the end
hook is large and clearly defined but the lobe beside 1t is comparativeliy
small, The lateral lobes a of Aeschna consiricta (P1l.6 Fig, 4 D )
differs llttle from those of Gymacantha but the ligula (Pi. 6, Fig. 4 E)
shows a more marked depression, Baslaesehna (PL.8. Pig., 4 F) shows
the inner hock very strongly develonad while the lobe is almost absent,
Gormphinas,

The Gomphinae, belonging to the same famiiy as the Aeschninae, have
many points of similarity with them, The mentum and ligula is one and
1.4 times as wide as it 1s long and ithe cleft in the ligula is always
absent. The lateral iobe is abeut 1.25 times as long as wlide, and the
movable hook is large and well develoﬁed. The end hook is well devel=

oved and of the outer lobe tnere 1s onlu occasionally a trace.
Oppiogomphls Carolus(Pi, 6, Fig. 5 ) show these charscteristics as well
as any soecies. A vrofusion of halrs covers the entire labium, mentum,

lateral lobes and all, In Gomphus bulgatidsimus (P1.6, Fif. 5 A) the
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movable hook igs long and polnted and the end hock slse is of unusual
lengih. e upver lobe is a nere.protuberance on the horder of the
lateral lobe. The greatest developnent attained by the movable hook,
however, is shown in Aphylla edntats (P1,6 Fig, 5 B ), in which the movable
hook is wondexfully 1ong'and slim,while the end hock almost equals it

in length, The uprer lobe has entirelv disappeared.

Cordulegaster and Tachopteryx, .

Cordulegaster maculata and Tachoptieryx thoyeri are the sole repres—
entatives of thete respective sub familles whiech I iave studied,
Cordulegaster (P1,6, Flg.l ) shows a mentum c¢left to about one fourth
its lengih., The cleft 1ls wlde and V=ghaned and on elther point a small

tooth is develorad, The surface and horder of the mentum are covered
with hairs, Tha lateral lohe is algo thickly covered with hairs, the
movable hook 1s short and blunt, while the end hook is long and sharp,
and has a series of four amall hooks develoned along its inner edge.
(P1.6, Flg. 1 A). It will he rememBered that the end hook of Calopteryx
angustinellis ( P1.6, Fig. 6 B ) ehibited one hook on its inner margin,
These hooks, it seems to me, may not improbably be a develo ment carried
over from a nymphal cendition. Tachopteryx (P1,6, Fig 2 ) shows a
ligula very similar to that of Cordule gastor. The mentum as weikl
as the lateral lobe is thickly covered with hairs, The movable lLiook
is large but blumt and the end hook is ghort, slender,and incurved,
Agrionidae,
In the Agrinidae the proportion of the widih of the mentum to its
length is as 1l:1, and the ce¢left in the mentum ls always bpresent. It
varies in deptp from ,75 to .30 of the entire length and nroprortlionately
.large. The eximtance of & suture across the ligula has already been
mentioned, and this suture as well as the externsl bedy of the l1igula

is covered with hairs, The movable hook 1s a medium size and biunt,
then end hook is very lagre oftem larger than the end hook, while the
outer lobe has quite disa nemred, Roth the movable the resi

of the lateral lube are covered with hairs, Tuphea masoni (Pl., 6 Fig.6)
is a geed type of the family. In the lateral lobe of Platyonemis acut i
pennis (Pl1. 6, Pig. 6 A ) the develomment of the movable hook is proport-

lonately greator and both thatr and the end hook are both strengly incurved.
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The mentiuum and 1igula (Pl, & Pig, 8 83 ') differ & 1little from those of
Fuvhea. In Paleophlebla superstas (PL.6 Fig. 6 0& D )the movable hook
is largely developed, while the end Hook 1s small and not very hook
iike in eharacter, 4 81ightly different type °f end hoek is shown in

( P1, 6 Rig, 6 £ ), a small hook has developed uron its inner edge,
In Caleopieryx maculatus (Pl.8 #Fig. 6 ¥F,) the end hook is divided from
the rest of the lateral lobe by a distinet suture, This suture is
probably of secondadary naiture in im:orfancs. Begides these labia

which have heen figured I have aleo examined the labia of the following:

Galoptervﬁ maculatus Selys Arbhilestes grandis  Sel¥s

Heteraein: smericana  Babr. Ophicgomphus carolus Neednam
Sympetrum correptum Hagen Progomphus obsourus Rarmbur
Plathemis lyvdia Druxy Gomphus exilie liagen
Rhyothemis splendida Rambur Hemigomrhus ochracens Selys
Pramsa lacerata Hagen Eplgonmnhus palﬁdosus Selys
Mesothemis simplicicollis  Say Gymacintha trifidia  Ramber
Micrathyria Bberenlse Drury BPaglaesehna janata say
Nannothemis bella Uhler Gorphibia confluens Selys
Perithemis domitia Drury Aeschnophlebla anisoptera  Selys
Synthenig brevistyla Selvs Aesghna cleopsydra Say
Hemlcordulia tan Selys Aphylla edentata Belys
Tetragonuria epinigera $Selvs Epiaescnhna heros Fabr,
Cordulia shurtleffi Scudder . Staurophlebia magnifica  Brauer
Macrenia iliinoiensis Walsh Corypvhaesehna ingens Rambur
Ortnemis ferrurinea Fabr, Aeschna constrictia Say
Didymops transversa say dagenius brevistylus Selys
Braoﬁidiplax indica Kirby Corbule gastar-maculatuz Selys
Brachythenis econtaminata Fabr, Tachopteryx thoreyi Selys
Palvotleura sexmaculata Fabr, lNephepeltia phyrne Periy
Diastatops tincta Rambur Hemicnemis billineata sSelys
Pseudopnledia minima Kirby Pyrrhosoma nymphula Sulzer
Onychothemls abnormis Brower Platyonenis acutivennis  Selys
Zygonvx drls Selys Negolestes alboterminatia Sélys
Gompholdes stigmatus Say Telebasis aliandi Kariin

Meclstogaster 8P.(?) Xanthagrion ervthroncustunn Selys
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Protoneura caplllaris Rambur FTuphea masoni Selys
Dipniebis lestoides selys Mnals strigata Seliys
Synlestes weversi Salys lHeteragrion ﬁlnbodittat&m S@1lvs
Argiclestes let - romelas Selys Hetaerima amaricana fRbY,
Disparoneura vittata Selvs Taleophlehla suvrestes BHolys
calopteryx anguatiapennisa Walker Gora inca Selya
Ceraturn cepreola - Hagen Thore plota Rambur
Naurobasis chinenals ' Limne

I+t will ba chaserved, that with the exception of the Libellulldan,
in which the parts of the lateral lcbe are almost unrecognizable, these
labia are very zimilar, The chief differences are in the vresence
or absense of the cleft in the ligula and in its size and shape when
present, in the shape and silze of the movable hook and of the two hook
on elther side of it, and in the presence or abscnce of the hairs on
the whole lablun, The general contours are very gimilar and the same
parts are present in all the groups.
| Nymphal labia.
in the congideration of the nymphal lsbia of the various groups it
would he well to chserve the same sequence whish was ohaerved in treaiting
of the acdult labila. fhe Libellulidae will therefere first engage our
attentlion,
~ Libellulidae.

In this family the nymyphal labia are upon the whole scomewhat more
complicated than the adult labla, The mentum has mich the same appear-
ance and the ligula is, as a rule, smoothly rounded as in the adult,

but the lateral lobe is quite dissimilar,  Perivhemis donitia(Pl. &,
Fig. 5) iels typical of the group. The lateral lobes ape tocthed
along the ends and near the cuter edge appears a Iow of ©ine setas %cr-
minated by a strong spine, Two groups of nine asotae sach appear mi.d=
way down the mentum, The lateral lobe of Tetragonuria cynosurz (PL.E
Fig. 5 £ ) 1s very sinmilar witht the sxeeption of the fact that in sach
of the tecth are insert.d three small svinules, dedresasing in size
from the bottom uvwards. The bordsr of the ligula (PL.5 Fig. 5 F )
is tnickly covered with hairs, and is flatter than tnat of Perithemis.
Phyllomaercmia Sp. () ( PL.5 Plg, 5 D ) shows the teeth more strongly

developed, the two urpermost ones have become sharply volnted, while

r
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the epinuies inserted in the thres lower have incrsased in nurmber to

five. The lateral lobe of Mesothemls simpliciecllis (PL.5, Plg. 5 & )

rssembles Tetragonurila, although the number osof setas 1s greater.

The ligula is 1like that of Perithemis in shave n»ut 1s heavily hoardered
with heirs (P 5 Pig. § 4 ). Evonthalnie alegnns'is very different
frow the others of the group. The lateral lobe (P, 5 Mg, 5 ¢ )

is bordered with long, shdarp, strongly incurved teeth, siX in mumber,

and the setae are entirely absent; whils the ligula ( PL, § Fig, 58 ) ‘
has & decp cleft in the center, itk a rounded pretuberance cn either
gide, The ligula of Orthetrw:  cancellatum (Pl, 5§ Flg. § E ) exhibiis

another varzation from the tynical ligula, a siight elevation marks

the certer, vhile on either side are a mmber of small teeth with o

small‘spinule between each peir,

Aeschninae,

he typlcal Aesbhiiinae labium ie well fnpresentaa oy RBaglaeschna
Janata (Pl, 5, Pig 2 ) . The Jligula shows & shellow eleft and 1its

borders are thickly covered awith hairs, The lateral lobes have a

strong sharply pointed mavable hook, while the end hook, although ghort,
ie stout and sharvp., The inner edge of the laterzl lobe bears a rumbar

of small chitinized spots, the witnesses of tne existance of testh in
that position eavlier in the nymphal life, Aeschna consiricta ( P1l. &

Fig. 2 4 ) shows a different typs of end hook, blunt, and straight asoross

the end, with a mmall ook at the immer edge. In the lateral mbe’éf

Staurorhlebia magnifica (P1l. 5 , Pig. 2 B ) no traces of teeth are vig~
ivie on the inner edge, and the end hook is sﬁort but strongly
incurved. The ligula of this speciman (Pl 5, Fig., 2 G) hasz one very
Peeuliar Teature, on either side of the ceniral cleft lg develoved a

long »ut verVY slender tooth, The berdar beyond. the teeth is ecoversd
with heir,. Tha ligula of Beyera is obaracterized by a very amall

tooth on sibher side of the geniral cleft and at some dlstance from it.

The border, on both aides of the techh, 1s covered with hairs,

Gomphilnac.

The Gomprhinae labia differ comparat ively 1ittle eon those
of Aeschninae, In the typleal speciman , Jomphus vuligatissimus (PL.5

Fig, 1), tne lateral lobes are perhaps larger in rroportion +to the



