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PROGRESS IN OUR KNOWLEDGE OF THE ODONATA
FROMD 1855 TO 1912,

B Pamie P, Carvert, Pr.D.,
k3 -

University of Penmsylvania, Philadelphia, Pa., 1.3, Americs.

Ax e thind International Congress of Zoology, held at Leyden,
Seplember 1805, a memoir entitled Le Progrés dans la Con-
inee des Odonates was presented by M. le Baron EpMoxD
DE SELvSLosconames, the m eminent authority on this
group of insects. For reasons which he gi DE SELYS was
obliged to limit himself to a sudeifitl sketch of the svolution of
the taxonomy of the Odonatel

The seventeen years Which have elapsed since the Congress
of Leyden huve seendfhe publication of many rescarches dealing
with the insectgknown as Drogonflies, Libellules, or Libellen, in
three pringfial European langu A Congress of Entomology
seemngddnespecially fitting occasion on which tn summarise the
rosilis ol these investigations. The i'u]_]r_]\:,'jng Tines will there-
dore attempt o review of what scems to be the most important
work done between 1895 and IgI2, not only in taXoromy, but |
also in the other divisions of the entomology of the Odonata, A |
brief outline of the systematic Hterafure from the time aof
Lisu®us to the close of the nineteenth century was published
by Mr. Kixsy in 1gof,

Our views of #he relationships of living beings to cach other,
of their exnldisn into their present forms, and of the values of
the charaieristics by which we judge (hese relutivnships, are
changed from time to time as owr knowledge of structure and
ontogeny increages. During the peiod which we here discuss,
several important contributions o he morphelogy and embry-
clogy of the Odonata have appeared.,
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MowpnoLocY OF THE ABEDOMEN A
HEvM™oNs to

ller examination of the whole subject, in which
(ryo4) he re- ed his previous belief, although he substituted
the ; cercoids "' for “ processus caudales.” While his

; nt of observed fact was wccepted by Hanpriwscn (1gog),
'@ﬁﬁﬂencc of interpretation remained us to whether the * cer-
g}% coids ' “ superior appendages ™ of £ Its represent newly-
.mqmred parts not homalogous w1 opterous cerci (HEV-
f.orm'u lions eof truc cerci

umoNs), or whether they are
{HawpLmscH). For Il'l}'wf Our the furmer idea.

Maring POS[TIONS AND STRUCTIRES,

Almost at the heginning
RicHArD LIEYMONs, (Grium

twelve scgments in the abdomen of young O

number which up 1o thut time had been nm“ only in the
embryos of inscets, and which he cons b [undamcntal
for the class, His results on the a m and processes with

which lhe body terminates w ressed in the formm of o
Luble which 1s reproduced ﬁu ith seme slight modifications,
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FATE oF LaRvaL deration of the morphology of the terminal abidaminal
s of the adnlt Odonata naturally leads to that of
ction, and while it has long been known that these

{@s of the males grasp the females in the act of mating, it was
not uniil our own period that the differences m the employ-

| Zyepawa 9. | Tugoplara 38 § AL? ment of these parts in the {wo c.uborﬁ% the Odonata were
| [ ée R pointed out. Previous statement
t 53 =7 G@ male’s appendages grasped the
T Saasa ol fnapericr e c of (he female, but in 18

< P Lasono d attention to the fact

MINAL PARTS ArTik TRANSFORMATION
[Cdomata).

— = aluent or feehly dev&IuperfJ“\t@

+ = present.

S e Tmaghane
all gronaps.

Anisatiera 3,

? o the effccl thal the
" that is, the prothorax,

in in I506, WILLIAMSON called
in the Anisoptera it is the head! in

Tergite and stermite)
of 1oth segment |
Processus caudales | + ‘Apps
{outgrowths  of | Al wERs
tharoth segment)) tad

texonm ol Laxono=

";‘?*

L‘jﬁl’)" misls) miste) @;{‘l the Zygoptera ﬂ rax of the female thai is scized, 11

Appendix dorsalis 2 + (1:th ter [+ (“Infer % P will be ."’- ore, that the difference in the part of the

[TJ‘Z{&‘E’;? gite) ap) "%;@ I fernale pras el coincides \j\thh u dillerence in the morphology of

Pl e i te1 ¥ t,he; rior appendage "' of the male which grasps,

N ff..fm it _m,gﬁ'iﬁi']r ; +,m.{ qu,f:: i I?-ll‘]f s _une) ILLYARD (rgog) has found that in the Australian Pelalura
scgracnk) dages ™ L] 1 i clos

] n;f;uo- of ﬁ # %‘ﬁ&vganim both headl and mesothorax of the I.cmls.lc alc.cmlo\cd

. ! mm-.; F ww between the male's appendages. The fact is-interesting for o

Lominm. - agales T { % number of reasons. The Petalurinm are Anisoptera, and Lave

(= 1:zlh \sr-gnu-s\t\

| o g_@ﬁ
gain the absence of any homn'logv
endages ” of male Z\gupttﬂm and male

been comsidered by some
DER WEELE 1006) as [1

tem {CALvERT 1803, Ris 18g6, van
t’ll’ suborder, nearest to the Zvgop-
tera. This cop ltmn of P. gipantee gives some. sug-
gestion as to the divergence in this p-osumn between Zygoptera
and Anisoptera. Pefalwra, however, is a true Anisopter in that

Hrymons emph:l.
between the *  inferj ‘
Anisoptera, alrearb- sinted out by RamBur in 1842 (page 14), p ,%@

He alzo Iaid stress on his conclusion that the aduli O(lunuwaﬁ 1

other than the male Zygoptera, do not possess cerci, as do
Orthoptera, for exumple,

e iz, however, o recent discordant statement—that of Tiirvary
L who asserts that the ma.!e Synthemis eustalacia clasps the female's
%%%mlhm'ax
9 v
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the single inferior appendage (appendi® dorsalis of HeymoNs),
of the male is applied to the dorsal surface of the fernale’s head.

Previous to February{ 189y (the dale of WILrzamson's
A Nete on Copulalion” among Odonata), systematic descriptive
writers hud called attention to differences in the shupe. and
structure of the prothorax'in the female Zygoptera, and referred
to them as correlated with differences in (he formiof The male
appendages, and Koige (1881) in particular Bad summed up
these eorrelations,  The List of such mutual sexual adaptations
in this suborder has been increased doring our period by various
writers, while in consequence of “’_ILJ.I'AMSL'J.\"S discovery similar
adaptations or laccrations un the head of Anisopterons females
have been demonstruted wr rendered probable, as, for example,
by Ris (1g10), E. M. Warxer (1912), and Cavvert [1913),

COPULATORY APPARATUS OF THE MALES,

A well-known peculiurity of the Odonatd, and onc which
distinguishes them from all other amma‘ls excepl the Araneina
and the Cephalopod Mollusks, is the wwide separation in the male
of the orifice of the CJa,LuLtqry’ “diict from the penis and its
accessory copulatory structures the orifice lying on the ventral
surface of the ninth abdeminul segment, as in inscets generally,
the penis, ete, on the ventral surface of the sccond and third
abdominal segments. Before copulation can occur, therefors;
the sac, or vesicle, of the penis must be charged with sperm by
such a bending of the male’s abdomen that the ventral surfaces
of its second and ninth segments may be bronght in contact.

The penis and its adjacent accessory r:ﬁpnfﬁnrv structures
(dcqcn!:-cd under such names as .u:lty,nuﬁ' Jamina, vesicle of the
penis, genital lobes, etel) have been ﬁﬁ’lmr—d for taxonomic pur-
poscs by many writers, but the mve-zhg"lllnn of the morphology
of these parts lies wholly ﬁi@im the time under our comsidera-
tiom, On purely matgmﬁ‘a,l grounds Miss GoDDARD (1Hyf)
suggested that hamules and penis in certain Libellnline genera
arc modified abdominal appendages of the second and Lhird
segments.  THoMrson, in an  almost  purely  comparalive
anatomical paper (Tgo8), did not touch on this deeper f]LL.:llo.tl
but sought to establish the homologies of the parl‘. founid in
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different representatives affthe Odonata with each other.  Bacxk-
HOFF (I9T0) has studied the development of the copulalory
apparatus in.males of the genus Agrion (Cenagrion Kirby) by
means of Surface preparations and microtome sectioms, finding
no trice of these structures previous to lhe anle-penultimate
larval stage (instar) ; they arise from unpaired cell-masses and
show no indication at uny time of origin frgm fusion of paired
rudiments, and hence cunnot be homelogised with the other
paired segmental appendages. Hiscsmmmary of the differences
in the apparatus of the Zygopterasand of the Anizoptera re-
spectively may be expressed as follows :

Zygoptera (regarded as the mere primitive): Penis un-
jointed ; its lumen communicating at itz basal cnd with the body
cavity, but mof with the seminal vesicle (vesicle of the penis),
and withgut a‘distel aperture to the exterior ; muscles, nerves,
and {rache® lacking from the copulatory s '1pp-m1tuea.

Anfsoplera : Penis jointed ; its lomen mot communiciting
with the budy cavity, but continuous with that.of the seminal
vegicle, and huving an opening to the extérionnear its apex;
muscles, nerves, and irache:® present in thé copulatory apparatns.

Nothing is yel known as to theldetails of the trunsference
of the 5}1ci'lna.tnu1a from the ejagnlatory duct until they reach
the female, and we are still'entirely in the dark as to how the
localisation of the gdphlatory apparatus of the male, near the
anterior end of, fhedbdomen, remote from his genital orifice,
came inte existenee, although BACKHOFF has sugpgested the re-
semblance in position of this apparatus to that of the genital
opening of the progomeate Artbropods. He infers, from the
palontological data of Haxprimsc (1506-8), that this localisa-
tion oceurred previous to Jurassic time.

THe Ovieositor: I3 DEVELDPMEST AND I1TS KEDUCTION,

We may turn naturgll€ (o the ovipositor of the female.  The
late H. W, vaN¥ DER WELLE gave us an extended account of the
Morphologic und Entwicklung der Gonapophysen der Odonaten in
1906, He cenfirmed the general resulls of PeyToureau (1805)
and ITeyvons (18y0) that the gonupophyses are nol the remains
of westiges of embryonic abdominal limbs, but epidermal out-
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growths which first arise after the last fraces of the abdominal
limbs have disappeared, and in a more median position than the
latter occupied, The first traces of gonapophyses, contrary to
earlier statements, were faund in very young larve or nymphs
ol Agrion pwlchellume of but 2 mm, abdominal length. These
traces are referred to the lateral gonapophyses of the ninth seg-
ment, and characterise both sexes.  In larve of 3 mm.abdominal
lenglh and meore, the sexss can be distinguished owing (o the
appearance ol the first rudiments of the mg('ﬂ-m gonapophyses
of the sume segment in the female bitfnot in the male, soon
fullowed by the rudiments of the anlerior gonapophyses of the
sighth segment in the formergex. He found rudiments of the
gonapophyses in gquite small Ashmid larve, but not in those of
Gomphide, Cordulegastride, Cordulide, and Libellulide, While
all three pairs of gomapophyses are present in the imagos of the
Zygopiera, of the Fshnide and of the Petaluridee and-fopm’ an
ovipositor, reduction in size in the lateral gnnapgphygcc is ap-
parent in the latter two groups and becomes dlmost absent in
the Cordulegustride, In the remaining &ﬁ'ﬁoptua. the Tateral
and the median gt:n'lpnphy‘:&s are ‘ll}lﬁ_l ‘or altogether, ahsent,
and the anterior pair show all degtees of reduction and fusion.
This reduction of the gu_napeph,ye.es coincides with VAN DER 4
WELLE'S idea of the higher differentiation of the Anisoptera. 1
The genital pore arizes originally in hoth sexes behind the middle
uf the ninth sternite, and persists in this position in the male,
In the female it is chilted forward so that it has been described
as at the hind end of the eighth segment.

A reduction of the female gonapophyses ‘iy‘il‘hin a more
limited group (Syuthemis—Corduliinz) has “heen demion-
strated by Tiirvaro (rgre), who has.. Whaﬂscd (Tgon)y the
correlation between elongated eggs a,na he presence of an ovi-
positor en the one hand, and the wider, less elongated eggs of
those Odomata in which t -ilﬂ.;mle lacks such an organ, on the
other.

WiNG VENATION.

Althongh the general characteristics of the wings WL L
ployed by LinnEUs and his successors in defining the ‘_'Jal"'iul.ia-;

L R -

Lj6

groups of insects, Wb peculiarilies of venation did not receive
attention until aflater date, VAN per Hoevew (1828) was pro
bably Lhe figsbdo point out the differences in the veining of the
wings of difterent Odonata, and from his time onward there has
befan ever-increasing study of this field,

Tt will not be, T hope, an injustice to ang6f the numerons
investigntors to credit the greatest advang® i our Enowledze of
the wing-veins of insects to Prolessord CoMaToCR and NEEDIIAM,
whose Wings of Insects appearsdiin 1808 and 189, Speaking
as 1 do on BEnglish scil, T tgust that I may be pardoned for a
slight digl_s‘wlon from my subject if I assume to express, on
behall of American entomclogists, our desp appreciation of the
honour which, thes lintomological Society of Tondon conterred
upon Professor Coxmstock last November in making him one of
its hororarsy members.

ILisnol necossary to linger here on the embryological method
which Led the two anthors to the establishment oldhe homologies
of the wing-veins thronghout 1he class Insect® and of a common
nomenclature for the highly ditterent opdeps” The application
of thiz method to the Odonata led g e realisation of the full
significance of the wssumption (by one wing-trachea during
lurval life of a position posterior to that which il originally
ocenpied, and the crosging of the radial sector, determined by
thiz trachea, wus fimméunced as "' a cluracter guite distinctive
ol this erdere e morphology of the arculus, the triangle, and
the anal loep was also elucidated.

The subject was still [urther illumined by Professor NEED-
HaNIn his (renealogic Study of Dragon-fly Wing Venalion (1903).
This memoir advanced vur kmowledge of the homologies of the
veing within the order, traced changes in venation from genus
to genus, supplied developmental daty for the determination of
the wvalues of venational ehatasters in classification, suggested
mechanical causes forothe Peculiaritics of wings and veins,
developed ideas as to what constitute generalised and ape
conditions in these organs. No work on the Odonata within lhu
period of purisurvey has had a greater influence on other in-
Veiitigutorii, due partly to the great variety of detail which the
velarion presents, but chiefly to the underlying method and +he

Jovelty of ideas in which the Gensalogie Study abounds,
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Toe Lamvas

The great increase in s Kowledge of the Jave! of the
Odomata is a strikingadharacteristic of our period.  As shown
above, many of the athors already ciled, following the embryo-
logical ‘me‘thud have found in the larve the starting-peiits for
their special investigalions and lave in uunccqﬂente added
information on these early stages.

Girsox and SADONES tLSuG], and SADONEE ‘.1]011[‘ in a longer
paper (I8gf), deseribed the anatomigaland lu::tulugu,cﬂ features
of the alimentary canal of the Jarwa of a Libellwla in greater
delail than had been givenfpreviously, They suppurled the
view that the giezard witheits teeth has a triturating and sub-
dividing action on the bolus, although not on the food particles
themseTy They ‘described for the first time two opishelial
plates or disks in the pre-rectal ampulla and a blogd $avity in
the gill-plates of the rectum, and called attentio o the situa-
tion of the terminal loops of the tracheoles, ,ill; the suheuticular
layver of cells of these gill-plates. Thésw c.urrgesicl:l that the
absorption of oxygen from the water which is drawn into the
rectumn thromgh the anus iz aseomplished by the vital activities
al this suhenticnlar Jayer, whigh in turn continually delivers the
OXVEEN as & gaseons secretion to the trocheoles ; and that the
oxygen is coused Lo pass alomg the trachewx of the rectal gills

and of the body by the alternate increase and decrease of the™

{racheal Tumina. The inerease was thought (o he due to dofiga-
Llion of the trache: by a smoothing out of their cuticnlar lii;lJ'.tlgﬁ:
the decresse by the reverse proc The elongation and shorten-
ing of the traches were referred in turnetd the oscillatione of
cwelomic and intrareclsl pressurcs which mmast accompany the
respiratory movements so fumilia® 1o those who have watched
living Anisopterous larvie.  On the other side of the respiratory
accomnt, the eliminationeol carbon dioxide was suggested to be
the réle of the bloodswavities in e gill-plates, and of the epis

L In my  Introduttion to the Study of Odonata ™' (Trans. Amer L.
o, %%, o5 and clsewhere), Thave used, in commaon with ather writer§)
the term sysedh lo designate ** that stage of Odonate existence between
the ege and the transformation into the imago,” bul I do not see new why
the mors general term fwves shiould nat be employed instead. B E
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thelial disks of the prewectal ampulla, 1t may be pointed ont
that this theorysaf lirval respiration resis on anatomical and
tistolngizal. dala; not on physiological experiments,

SAngNES also called attention to the lack of correspondence
ingsition between the rows of gill-plates of the rectum and the
sneralled rectal glands, as the latter alternate with the former,
and to the bearing of this fact on the humulugltk ol the rectal
glands in insects generally.

CarvierT {1911] hus dizcovercdowall- ﬂcvoloprti paired, veniral,
Lracheal Blll.\- on a number ol the abdominal segments of the
lurva of the Costa Rican Core, one of the Calopterygine, struc-
tures hitherto known only on a couple of Old World {Indian)
gemera of Lhe same t-ub[.mm'lv The presence of such organs

naturally sugpests a very primitive condition and a peint of
contact’ with (he larvie of Ephemeridae und Sialide,

Nerozam (1897 traced the changes which occur in the
epithelium of the stomach or mid-gut of larvae during [asting
and after feeding, Gnding in the latter case that the most turgid
cells, containing presumably ('llbc tive febments, are bodily dis-
charged into the lumen to mix withethe food and are replaced
by other previcusly smaller cells’ "His results were confirmed
and extendcd by Vomxoy, inothe following year (1898), who
showed that, previeus g the actual detachment of whale cells
into the lumen, clenor coloured lguids mav be secreted from
them. By mixing colouring matlers with the food, Vorwov
ascertained that the same cells which secrete these liqmds also
absorbimiterial from the lumen at the same time. Ile traced
methylene blue absorbed in this way into Lhe body cavity and
thence into many other organs, eg. the developing ova Ticg.
Other colouring matters, ~,ur_h as cochineal, introduced into the
alimentary canal, were not absorbed, showing a selective absorp-
livily on the part of the intestinal epithelium, He al=o obtained
evidence of ahsorption-n the opposite directicn, for, un injecting
congo red in physielagical salt soltien into the body-cavily,
gmnu]au. ms of this' dyestuif were found not only in the peri-
cardial cofle, but also in the peritrophic sac of the mid-gut lumen.

Bosiy) similarly injected into the body-cavily, appeared in the
Malpighian tubes and in the mid-gut lumen.  COnly in the md-

giit was there evidence of the absorption of fats and other
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soluble snbstances from the food, thisipiwer being possessed
thronghont this part of the alimegiary canal and not confimed o
a special zone, as Cofnot dad, previously determined for fat
absorption in Orthoptera) “while fore- and hind-guts do not
abaorh,  The peritrophic sac is Appa r‘r,—.ml}-' ihe inner sarfaces of
the epithelial cells, which become detached when these ells are
noactive secretion,  FExperimetitel evidence was alsgl iven [or
the eliminating action ol pericardial cells, H walls, and
Malpighian tubes. - . h”?ﬁ

That very characteristic organ of Odenate lirves, 1he labium
or mask, has been (he subject ola special study, cmbryological
and coemparative anatomicad, Gby Miss Brizer (1gog), [rom
which the conclusion 1». L{'fg,ufm that Lhe lateral lobe represents
metely the labial pelpme while the middle lobe iz formed of
laciniz and galese more or less conselidated in the dlfieren‘l‘
groups.  This 35 essentially the theory of RaMBUR (I'&.ﬁa} and
of HAGEN (1854), in opposition to that of (1FR5T&HWR {1871},
Hevyons (18gh), and BORNER [1004).

LENGTH oF :L,mvm, LiFE.

It was not until rgogdthat siny definite statements exisled
as to the actual lengthiof larval life and the number of mounlts
pussed through by the Odorata. In that year, BarFour-

BrOWNE gave the resnlts of rcaring dgrion pulchelium andy

Tschnswa elegans from the egg to the imago, the drst and anly
species {or which sueh 2 complete developmental record has yet
bz l‘uul‘rli;,hcr]_ He fnund, however, that the mg_mbfr of moults,
comsequently the number of larval stages, dr dinstars, and the
total lenpth of larval life are not constamt even in the same specics,
After distinguishing the form which Jeaves the egg and which
has not free limbs as the propymph, and comnting as the * first
nymphal 7 stage that #hich® follows «the pronymphal moult,
BALpour-BRowNE [oind hat in Agrios pulehellun the trans.
[ormation {0 the imago may follow the tenth, cleventh, twealfth,
or thirteenth Jarval {nymplial) stage, The shortest time which
elapsed from hatching of the egg to the emergence of the imago
in this species was 230 days; enother individual oo ("I]P'IE[‘[ 634
days. The body-length in the last larval stage varied fram’ g

- .i.--
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to 22 mm.  He wagunable to correlate the size, the number of
memlts, the length ot Tarval life, and the temperatures to which
Lthe insects kad Heen exposed, except to point out that there is
a thglg\e?.\ “for the larger nymphs in any stage to be ﬂ'0=c‘

\3.1:;(;@. altimately complete in the smallest number of stages)”

e clegans passed through twelve Jagval Stages; other
specics of Agrionines were thought to have from eleven o four-
teen.  Much informationis given on the rate of growth of hody-
lengtl, of the antennee, the labiwm, and the wing-rudiments.
BACEHOFF (1910), in the gaper alicady quoted, estimated the
number of larval stages in Purrkosoma nyaphula (miniwn) at
nine, from comparisons of the sizes of different larve. Hast
{zgoo) observed the last seven monlts in the larva of Eshua
eyanea and inferred 4 total ol nine, ton, or eleven, E, M. WALKER
(Torz} Qhaﬁﬁt‘d the lust eight moults in Canadian Fshne and
believies tht,\’ are precoded by three or four others, makmg a
probable totel of twelve or thirteen larval stages, ocoupying

¢ probably three years.

Crrraiy LarvarL I.JM!T;‘.'I'[O&S‘ AND PHCuUTIARITINS.

R. C. OsBURN [Ino6) domtlusted a series of experiments to
determine (he ability of 'eggs and larve of varions species of
Odonata to live jnsaline solutions of different densities, bt
nome were alleTn witlistand a density over o1, He deman-
strated that_'theze axists ' u very definite barrier to their assamp-
tion of marine life, and that this barrier remains unchanged
during the life of the individual”

PERKINS (see Suanr, 18y5) {18g9), in the Hd\'l'd.lhlﬂ I‘-].d’ﬂdv,
and Kwap and Cavvert (1o10, 1g11), in Mexice and Costa Rica,
have foumd that certuin Agrionine larvie (dgrion and Meois-
tagaster respectively) live in the small accumnulations of water
hetween leaf-bases of tefrestiial and epiphytic plants, or, in the
Hawaiian ease, even between dry Jeaves.  Similar habits on the
part of undetermined Apgricnid and Libellnlid larva in Malaya
have alsogbéen reported by Luicester (rgo3).  The food of such
larviectmsists of the varly steges of mosquitoes, of other Diptera,
ere., hving in the same situations,

The discovery of Petalurid larve (Lachoploryx by Witrian-
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suN, 0ol ; Pefalura by Tieiyarp 1900), and of that of Pefalia
(TiLLyarD, I9I0), have been noteworthy cvents. Those of the
former group live in boggyeogwamps, and in the caze of the
Anstralian Pelelura in [owl, muddy ooze which cakes solidly on
the larva at the time ef transformation. A rmd-dwelling halit
is also that of the larva of the Australian Symthemis custalacts,
which, encased in dey mud, has been known to resist deonght for
ten weeks, and to fast for three months [Ty A, T6T0).

TAXONOMY.

A comparative study of Addenate larvie and their corre-
sponding imagos led Ris 1840 to what may be termed the first
phylogenetic classification of Odonata based on the ontogeny of
an organ fullowed throughout the entire order. This organ s
the gizzard, Ris showed that the larvie of the Caloptorggin:s
and some Agrinninus have the most <1:Jn1|1]r}.xl§,-‘ armgd g,izzarcll the
tecth being arranged in sixteen longitudinal.folds, reduced to
cight in Lestes, to four in Comphus andnEsthne, and further
reduced to four bilaterally symmetrical” feeth (not folds) in
Cordulegasier and the Libellulide He also showed that a redue-
tion in the folds and in the testh takes place in the develop-
ment of the individualgin each of these groups, scarcely more
than traces of the teeth remaining in the imagos of the Anisop-
tera. Combining these results with data drawn [rom other
organs, some of which bad already been emploved by previdus
writers, K18 presented his ideas of the relationships of the’sub-
[amilies of the Odonata in the form of a genealogical tree, con-
fessedly a modification of that of Carverr (1803), from which it
differs chiefly in placing the Cordulegastrineas anceslral forms
of the Libellulida. f

Both Carverr's and Ris's views agreed in regarding the
Zymoptera ag more primigive and in looking on the Caloptery-
gine as ancestral io alllother Odeénata. Nesmiam, and his
students Miss BuTekr and Tuompson, whose work has been

quoted above, huve made many suggestions as to the generalised

ori specialised conditions to be found in various structures of
both the Zvgoptera and Anisoptera, but have refrained from
formnlating any detailed statement of the relationships afthesc
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twa suhorders to cachother, probably fur the reason, as NEED-
Ham himself huscexpressed it (1ge3, pags 738), of not maling
 any sugggstion that might hinder futnre studies.”

Van(peR WEELE (1000), accepting Browewiawr's Proto-
donata as the ancestral forms of the Odonata, recognised the
living  Palwaphichin Selys,! of Jupan, as the.contmuation of the
Protodonata, and [rom the Palwophlebiide, 8’ a starting-point,
derived the Zvgoplera un the one hagd, the Anisoptera on the
other,

Hawprrsca (1qob-1908)feeated the torm Anisozyzoptera to
include the living Epiophledia, a number of Mesozoic and fewer
Tertiary forms, placed it as equivalent to the Zygoptera and
Anisoptera, andg like vaN DER WEELE, regarded it as ancestral
to these latter two. A fourth suborder, Archi-Zysoptera, was
also prupesed for a single genus, the Mesozoic Profomyrmeleon
Geinitz,

The Anisozygoptern present a combination of characters
some of which are characteristic of (he Zygopfera, such as the
quadrilateral, others of the Anisoplera, s the greater breadth
of the hind-wings in comparison witl €he anterioe par.

The great Belgian master, EPMOND vi SkLvs-LoNcomames,
died Decomber 1xth, rgog. - Ilis wonderfully rich collection of
Odonata has been placed fi“the Muscum of Natural History at
Brussels by the farsSighted wisdom and generosity of his 5:::>n.u,
Baron Wartzer and the late Baron RapHARL pE SELYS-LONG-
CHAMPS, Inpufsuance of the wishes of their father, they
anthorised the publication of o Cafelogue Svsidmaiigue ef De-
scpgptif des Collections Zoologiques du Baron Edmond de Selys-
Longehamps.  This is much more than a catulogne, many of irs
fascicules being claburately and beautifully illustruted mono-
graphs of (he groups of which they treat.

We are concerned at presént only with those fascicules deal-
ing with the Odonata. oTheee comprise, as far as published, one

! CALVERT, in1 & roview (s, Nows, xiv., p. 208, June, 190%) of Nekn-
nAM's Genealogic Stidy, pointed oul lbat Secvs's name Palzaphlebin was
preoccupidd (by Paleophledia Braver, and suggested Episphlsbias to re-
place SEL¥s's name, Three years later, Hamnnimscu, in I4e Fossilen
Ipséiter, proposed the term Nespalmophichia for Palwzabhlebia Selvs,
bk Both nemes st fall as synonyms of Epiophlebia, 7
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on the Conlulines [19of) and three on theAlschnines (1508-9),
by M. RENE MARTIN, und five on theiliBellulines {Tg0g onward)
by Dr. F, Ris, r

The fascicules on thesfordilines and the Hschnines are
essentially expuusions o\ SE1vs's own publications on these
groups, with the addition of such genera and species gs aerc
unknown at thosc carlier dates. Thal on the Cordulines has
given rise to two attempis to establish a more natidabelassifica-
tion of thiz subfamily by WiLLiaszox [1go8) and by NEEDIAM
{1908) respeetively, based on venationg amd to still further
modifications, in which both larval and adult characteristics are
taken into account by Tiiivanp,in an excellent Monograph of
the genss Synthemis (10I0)euimnd In later articles [1TgrI),

The fascienles ongfhe“Libellulines represent an enormous
amount of work on the part of their suther, Dr. Ris, noi enly
because of the very great number of forms which this subfamily
contains, but also because of the inherent difficulties™of the
group itself, DE SELYS had never nutlined a classihedtion of the
Libelluline, the enly subfamily which evéndhisong Tife did not
cnable him o reach,  Although BraveRdrs68), Krisy (188q),
und Kanscu (1800) had revised thelgenera from time to time, no
one had attempted to describé all the species and refer them to
Lheir genera in ome minggraphic treatment.  This is the tazk
which Dr, Ris has on M= hands and for which he receives (he
Learty thanks of Odonalologists everywhere,

I is of inlerest hepe Lo point out that the starting-point, 6t
the arrangewment of the genera, wilkin the Corduline by NEEDMaM
{rgo8), and within the Libelluline by Ris in the work just
noticed, is the similarity of form and venation fedore- and hind-
wings, o point of view not taken in DE SEE¥s's work.

Other articles in which some of Thedarger [eelurcs of the
classification of the Odonata have been considered are those of
CALVERT (rgoz) on Zygoptary NEERUAM and HART (1g01) vn the
Hechmidie (semswe Selvgig), WEEDHAM'S repoTts {iguI, I0o3) on
the Agmatis fnscets of the Adirondachs, TULVARD in his Sva-
themis monograph (1616} already quoted, and Marrin's Asch-
nines ({1911 in the Genera Inscctorums of WyTsman,

The taxomomic study of the larvie has also made great pro-
gress, and the number of species whose carly stages huve begn dis-
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linguished is very greal_as compared with those so known in
1895. For this advanceawe are principally indebted to NEEDIAM
(1g01-1003, etc) for North America, Lucas (1goo) in England,
Rovsseaut (ol 1gog) in Belgium, Rus (1gog) for Switzerland
and Germany, and TiLvakn in Australia, These specific
idefitifications were chielly made by actual rearings of larva to
the imago. By microscopic examination of thesrudimentary
“larval wings, NEEDHAM {1904, etc.) has been able to recognise
the venational peculiarilics of the future adults, and to determine
the species by this melhod, which has been employed by other
students also.

Fossi ODoNATA,

Mevngrehas photographically figured (1806-18g8 o number)
of specimens [fom European museums, and COCKERELL (1907,
1go8) has made known some interesting forms from Florissant,
Colorado ; but for the chief advance in this field, we are indebted
to the veluminons handbook of HaxorescH, Die Fossilen
Insehlen (1906-1908), of wide-reaching vigw, from which we
have already quoted in dealing with dhe classilication of the
Odonata, HANDLIRSCH enumerates. mine species of Paleozoic
Protodonata from the UpperCarhoniferons and the Permian of
Europe (no Odonata heing known from this scries of rocks, nor
are the Protodonatasy known from any later epoch), and of the
Odonata proper; sixty-seven Mesozoic and ninety-two Tertiary
species, ]

The Protodonata are considered to be ancestral to the Odonata
andederivable from the slill more ancient Paleodictyoptera, from
which latter they differ by the narrower inter-alar tergites, the
fusion of the basal parts of sume of {he longitudinal veins of the
wings, the transformation of many lopgitudinal veins into so-
called interposed sectors whish apparently arise from cross-
veing, and the presencesof mumerous, more regularly arranged,
straight cross-veins. :

On the other hand, the Protodonata differ from the Odonata
by the lnck.of nodus, of pterostigma, and of the crossing of the
radial sectoer over the first two branches of the media.}

1 This last diffcrence i3 denicd by SELLARDS (1300)
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A further advance in our understanding of the fossil Odonala,
due to Havprigscy, iz in plucing the Mesozoic forms in genera
distinet and separate from those te'which thoy had been referred
previously,  Their provious pisitions, ag summed up in Kirey's
Catalogue of 1890, gaviedthe false impression that many of our
living genera reached backward io the Jurassic.

FAUNAL STUDIES,

Time and space forbid vz {0 do more thaf mention the Jarger
and more comprehensive papers of seriegof papers which have
appeared in this division of the sibject. The general distribu-
tion of Odonata throughont'the world was snmmarised by
CARPENTER in 18g7. Luas {Hgoo) has given us a volnme om
British Dragonflies, TOserr has included the central European
species in his Geradfliigler Milteleuropas (18g8-1900), and Flr_fj He
LIcH (1503) has produced u work of similar scope for Germany,
and KouaUT (18g6) for Hungary., Rosstunr {(zgoa); DzIED-
ZIELEWICZ [1g02), PUSCHNIG (1yos-Igo8), aml™ STroBL and
Kraralir (1go6) have treated in considerable detail of the
Odonate [auna of various parts of the Austrian Empire. For
Ttaly are the memoirs ol Gagsint (18g7) and BENTIVOGLIO
(136,—:9:)8). Navas (Lgos#Iero) has [urnished much inform.a.-
tion for the lberian pemimsula, while the dragonflies of Russia,
Siberia, and other parts of Palearctic Asia are receiving alicn-
tion from BARTENEF (1goB-igiz), whose papers, being in the
Russian language, are unfortunately sealed to most of us. Prrik-
SEN (1gos-10) is the principal worker on the Seandinavian repre-
sentatives of the Order,

For the Oriental region we have the series by KRUGER vn
Die Odonaten von Swnatrs (1808-1002),andpapers by FOERSTER
(18g6-1go3), Karscu (1900), LAIDLAW {IG02-1907), WILLIAMSON
(Luo4, Tgo7), MorTox (1907), and NEEDHAM (1g00) on other
subdivisions, Y

The Ethiopian regivh bas attracted much attention, and Lh-:'I:{'
are many memoirs by DE SELYS (1896 8), CaLverT (1808-8),
KarscH (1606, 1800), KIRBY (1896, 1900, 1g04), FORSTER" (1807—
1gog), SjosTEDT (18yg), MARTIN (1goo o8} and GRUNBERG

(1g02-1903).

B
i
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MutTkowsKI has givemus a Catalogue (1970} of the Odonata
of Noreh' Américas KELLicorT, LarvEy, NEEDEAM, WILLIAM-
son, Curme, HINE, and MuTTEOWSEI have been the principal

writers o theé dragonflies of {he United States, E. M, WaLksr

on thuse of Canada; the last-nomed having just published an
adimirable monograph on the Nearctic Hshnus (1o1z).

For Mexico and Central America is the/Newroptera volume
of the Binlogia Cenfrali-Americana by Carvirr (1go1-08), the
same author having also ‘writien Ex‘tensive'l_w(ﬁ&g:',--m;z) R
Neotropical Odonata, but espetiallyon those of the' provitice of
Matto Grosso, Brazil. Inipertant papers on South American
torms are those of Ris {1904, 1608) and of ForsTER [Igo3-Tgro).

The last-named has alzo published much on the Australasian
fauna, especiglly New Guinea, while in Australia itself T1iLyARD
(Toob-1922) Has given us a wealth of interesting observations on
hahitg as well as taxonomic and distributional dats, Amiong the
last miust be mentioned the disrovery in New South Wales of a
species of Phyllopetalio, o genns of large dragonflies hitherto
known from Chile only ; of the existence of 50 many specivs of
the Corduliine as to amount to twid-nifiths of (he lotul number
credited to this subfumily (sensi Selysit) throughout the world,
and representing fourteen generasont of a total of thirty-six, He
has alsu bronght forward ¢vidénce (1970} that the distribution of
Australian Odonatason the whale is distinetly adversei lo the
acceptance of DASJORDAN'S law, viz.: * Given any species in
any regionsthenearest related species is not 1o be found in the
same reglon, nov in a remote region, but in a neighbouring district
separated from the first hy a barrier of some sort, or at least by

‘& Belt of country, the breadth of whick gives the effect of a
‘barrier,”  In the Fawne Hawaiiensis, PERKINS {189y, 1910) has

deseribed the Odonata of these inleresting islands.

In zuch a snurvey as this, ilvis proper to notice the deaths of
Davin 8. Kriuicorr, pn April 13th, 1808, and of FRANCIS
LE Roy Hamvey, en) March 6th, ruoo, who added much to
onr knowledge of the Bdorita of Ohio and of Maine, respectively.

We havealready alluded 1o the deceate of Baron EpMoxp
pe Serys-LoNccaanres.  Two other entomologists of high repute
must be numbered among the Odonatologists who passed away
during the period under review—ROBERT M'LACHLA N, who died




phological “'01]{ omt“the thoracic sclerites a
the dragonflies.’ Still more recently
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May 23rd, 1904, and FRIEDRICH Mom‘é -\UER on December
(24th, go4." Thie principal entomalngiy

;ark of both Iny [mt.side
ore synthetic wark in ‘this

the Odonata, although BRAURR did
order than M'Lactray, cspecially on the Libelluling; but hoth
have left their impress ofthe taxonomic and faunistie literature.
Arereus S, Packakp, who died February 14th, 19035, till
less deeply concerned with the Odenata, but he wa %ﬂ
guished erﬂ.nnwioglsi -and he is tn be réme % is mor-

positor of
ad to rccord the
deaths of H. W. van pik WEELE on st 2gth, 1910, and of
SaMueL H. ScUPDER on May , Ig1I, YAN DER WEELE'S
work has already been n . Dr. SCUDDER wrote on the
Odonata of the Whit ns of New Hampshire and of the
Iste of Pines, before he began those palwcentomological stui
which have so largely contributed to his reputation, a %
incInded carcful original accounts of American Tertﬁ nata.
n conelusion, what has chiefly oontnbut?' & Progress
of Odenatelogy during the period unde 13 the applica-
tion of the developmental method %‘ns of tracing the
origin, and so cnmprehendmg the significance, of the varions parts
af the Odenate's body. cation of this method (o Lhese

insects seems to sludca‘“ er animal classes to have been
slow, the ‘excuse must he great number of insect forms, the

'Cohséquent great mass of detail to be mentally digested, and

the relatively smaller number of investigators.
{In order not to unduly extend this paper, no bibliogra
is appended. The dates placed after cach author’s name will

enuble any one desiring 1o consult the origi moirs to _find
them by referring to the Conctlswm Bibli am, the Zoolo-
pical Record, or the International Ca cientific Literature,

Zoolugy, for the appropriate years,)







