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Studies on Costa Rican Odonata.
I—The Larva of Cora.

N
ooP

\‘o : By PaiLe P. , PH. D,
-~ University of Penpgylvania, Philadelphia, Pa.
ke cﬂl Plates IT and 111 ;

In the course égtlr entomological researches in Costa Rica,

a brief o@@of which has already appeared in ENTOMOLOG-

1CAT. ¥ 1 collected some Odonate larvae of a form hith-

er ndescribed and which, it now appcars, are certainly of

0o the genus Cora. One of these was found at Peralta, Costa
“\‘ Rica, March 24. 1910, in a shallow brook in the woods west
of the railroad station, clinging to a submerged stone, The
altitude was about meters, or 1100 feet. This latva died a
few days lat ras preserved in alcohol, - A second is
recorded in diary, from Juan Vihas, April 27, 1910, as

p follows: ut half a mile farther [westward from the
¢ M waterfall along the railroad from Juan Vifias station]

through a bit of exceedingly thick damp woods full of wild

005 a third fall, or rather cascade, reached by a little trail
C :
ginger [Costus sp., Costa Rican name caflagria], heliconias,

* Vol XXI, pp. 334-337, July, 1010,
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ferns and caladiums. The stream is extres
ought to be a favorite haunt of many
buit the day was very dark with |

no adult dragonflies. After lalé‘éluntm'r among the fallen
leaves and stones of ﬂj@é? P. found a larva with ex a%%i
gills along the sides o bdomm. This we suspect 1 @Q

the larva of (.'a-ra,@inl still to be determined however.

The diary for April 2g, 1610, also at Ju '@ﬁas, reads
“To-day was exceedingly dark and at ti ZI$1th very thick
mist, altho’ there was no heavy ram Hile A, wrote in the
morning, P. collected some food mc living dragon-larvae
gathered here, While so dgg‘ e fouml another and some-»
what larger larva of é‘ which we suspect to belong
the genus Cora. ?’?\ arkab}e in having attached to each
side of some of the forward abdominal segment %élgcr-hke
gill, a peculiarity possessed by no other Ame 5ﬁ‘ﬂragon—hrva
as far as known. Our chief interest in l@élsing now cenlres
on these two individuals.” é@

Still at Juan Vifiag, the of May 2z, 1910, records:

“With a lunch, rubber p@% and umbrella, the latter two for e
investigating the f\ raterfall, T set out for that -.po é‘
examining the ditch’along the [railroad] tracks which r-g@

the water from this fall. Tn going and coming,

all three of the supposed Cora larvae in this nutﬂ\
found last week lacked the caudal gills
part of the proper equipment of a whorder 8f dragonfly
larvae, seem to be of indifferent (R value, for many larvae
lose them by accident or by the Hite of a brother or an enemy

it

Those
vhich, altho’ forming

-

of rain and we saw \

and yet pass their larkganstencﬂ as tranquilly and accomplish ée

their traniformatl successlully as their brothren, . % * * e
The three larvae ?otmd to-day have their caudal, as w g
their lateral, ahdominal gillz, which latter have alreu en
brielly mentioned. The three caudal gills arc very add- -looking,
They appear as if cut off straight across instead of
tapering as usual, thc st 1igh'r edee [i wh?ﬂ sml]oped
into three points,
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are each [a fifth] as long a he short ‘pudgy’ body, the effect
is to give the lar @e appearance of ‘tail-heavy.” When first
taken into th these threc larvae remained motionless,
‘playing as it were for a minute ar two, and then
tookfotlieir legs with some speed. In spite af their double

ﬁ ment of gills, the Cora () larvae found do not frequent
e

different abiding place from lessﬁ'w}ﬂy ‘engilled” dragons,
their fellow inhabitants bein e of Hetaerine, Argio and
common tvpes of Tibel e”  The ditch in which these
larvae were found é this time one to two feet wide and
rarely as much : ht inches deep; it contained many small
stones on the under sides of which the larvae were found, The
Water‘f%&vhﬂse outflow it was, was perhaps thirty feet high and
irn fed by a stream descending in occasional eascades
@ gh forest from a height of several hundred feet higher.
e took or saw imagos of Cora chirripa at this waterfall in
different months, at prev:ou's l@aml on April 30 and May
2, 1910, The altitude at \\ “51 the Cora larvae from Juan
fifias were found wa @ 1000 meters. or 3300 feet.
1 April 30, rs. Calvert went from Juan*Vifas to
our Iwad na C‘ artago, taking with her the Cora larvae
Apri ﬁd 20, and placed them in our rearing jars. I
'i?é May 4 with the three larvae of May 2. At 6:50
f the same day occurred the great earthquake which
Its effect vpon our larvae in rearing has
been briefly described in the News as quoted, but by the great-
est good fortune the bottle containing the Cora larvae of May
2 was the smg'lc Qiof all our living Odonata— that rolled
out and esc ru(‘t‘lnn from the fallen wall. Two of the
larvae wereaﬁfe and were carried in safety to our stenmship at
Po Amon. A second died May 7, and the third, with a
M of mosquito eggs Lo furnish food, started with us on the
ovage to New York, but expired on May 14, three days be-
fore we landed. Fach larva, as soon as its death was discov-
ered, was placed in alcohol, hut evidently was not in a condition
for histological study. This fact must be remembered in judg-
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ing of the shrunken condition of some part%ﬁﬁ’} the tissues
represented in figs. 20 and 25.

There thus have been available &ghg'prrsent description four
larvae which may he designated %‘ WE

No. 1. #. Peralla as ah
cattdal gills 165 mm.:
mi.

No. 2, 2. Juan Vifas, May 2, in fragments.

No. 3. 4. Juan Vifias, May 2, measurements a @Q 20,5 and 17
mm, respectively. @

No. 4 2. Juan Vifias, Mav 2, meas ts the same as those
of No. 3.

No. 3-has furnished dissﬂ"tlvgf &mfﬁrnal Grg'ms Nos. 1 and 4
have been kept almost intac g,

ON OF THE LARVAE.

Head deeply concave posteriorly (Plate III, fig. jf%

Y

reception

pale yellow-

e head, two in

one pozlerior to each
m Ssomne ‘xpl’{‘iﬂ"lf"ﬂ‘%

of the prathorax. Compound eves and ocelli distinet.
ish spots indistinctly visible on the upper surfa
front of the median ocellus, one anterior to
lateral ocellus; some of these spols w

oniy visible under the com-

Asitennae 7-jointed, but the
pound microscope (P1 TT, fi ratlos of the lengths of the joints,
in a detached antcnnw cover-glass, ar, 20, 17, 11, 9, 55 3;
joints T to 6 soccessiv ecreasing in thickness; jeints 1 and 2 clot
with a dense pile, which is longest in larva No. 1, and consists %kt-‘
tened scales as shown in fig. 5. A similar pile is found w her
parts of the hody, such as the anterior margin of the nasas, the lateral
marging of the head pasterior to the middle of the compound eves,
marging and ridges of the thoracic and ab I segments, of legs and
of wing-pads, a transverse anle-apical d@ abdominal segments 1-10
for the entire width of the darsum, nf the surfaces of the caudal
gills, ete. This pile iz longer and more conspicuous on larva Nao. 1 than
on the other three JW 7 of the antennae have a dccrcasmglv
smaller amount of pi

Mandibles stout two-branched, external branch larger, its zlpr
five teeth, first two teeth, counting from the dorsal margin, les
from each other than are the other three, fourth tooth longest,
ternal branch in larvae Nos, 1, 3 and 4 larger on the Ig andible than
on the right mandible (right mandible ]aclmg in 2‘1 and on
the left mandible ils apex is truncated and n
tions, dorsal-most largest (Dlate I1. fig. 15)
the apex of the internal branch is %&td and has only two teeth.

a‘* :

. o0

o0
[Te‘h @{ﬁ

al length including antennae %ﬁ i
hody excluding the parts nam

AN

teeth ar crena-
n the right mandihle

o“s'
ae®

\woge{‘

@ckg and a row of stro '|
% ed at rest, reac%x‘
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Marillae with the inner 1 nuate at tip, which bears three
short internal teeth, and three Yong, slender, curved, internal processes
ae. (P 111, figs. 20, 31). Labivm, when fold-
ck to the bases of the prothoracic legs but not

as far as ventral prothoracic margin; median (mental) lobe
but ve *Iy produced distad in the middle and with a very slight
@x%lcﬂ distal margin crenulale with a very short seta between

renulation and its neighbor; just within the crenulations a short

%ﬂdlstamu on each side of the median cleip is a small pointed tooth (fig.
@ 28, ™) cn the dorsal surface; m:ﬁ Tg‘.m few (2-4 on each side of
the median line both on dorsal entral surfaces) and short; lateral
lohes with a long curv ring terminal spine and three distal
tecth of which the rnal (mesial) is shortest and is truncate
while the other twa'gPe pointed. (PL III, figs. 27, 28 30).

Prothorax with three lateral tubercles, a dorgo-lateral (a) which
is dorsal o an antero-lateral (5} and, posterior to (b)), a postero-later-
al { the mesothorax the place of o of the prothorax is occupicd
piracle, b iz present while ¢ is represented by a double tubercle.
ne of these tubercles are representied on the metathorax which has an
indistinet spiracle on its lateral surface (PL IL, r4, msp). Front wing
pads reach to the hind end of ab 1 segment 6 in larva No. 1, to
the hind end of segment 4 in Iarﬁm' 3 and 4. Ilind wing-pads reach
almost to the mid-length 0“ fent 7 in larva No. 1, to mid-length of
segment 5 in Nos, 3 an n PL II, fig. 14, the wing-pads have been
divaricated and a n exactly normal positions, hence the difference

g sentence and the figure). Legs not of a hurrow-

between the
ing type ﬁ;—mmted with an empodium-like structure (PL 11, figs.
s -

\;, omen triangular in cross-section, of ten complele scginents,
which decrease slightly in width from 1 to 8; 9 and 10 distinctly narrow-
er owing to their lateral margins not heing produced laterad as far as
on the segments preceding (PL II, fig. 15}, A curved, caudad-directed,
mid-dorsal hook on segments 2-9 (larva No. 1) or 10 (larvae Nos, 3
and 4), hooks increagiug in length from segment I or 2 to segment 7
or 8 that of g ¢ shorter than that of & (Pl II, fig. 14). [lind
dorsal margi segment 10 with a wide median nolch whose depth
is hall, ar 1¢€s than half, the length of the segment. (PL 11, fig. 8).
I Wms 2-7 cach with a pair of tapering, fnger-like wventral gills,

iments of & genitalia on the venlral side of segment 2 indistinct
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t\fv n darva No. 1; in larva No. 2 they consist of two distinct black lines
GG reaching from the inlerscgmental groove of 1-2 to hehind the hind end
of the stermite of 2. Rudiments of & gonapophyses are présent on

segment 9 of larvae Nos. 1 and 3 (PL II, fig. 1R).
gonapophyses are shown in PL II, figs. 7, 8 14, 15.

W@%“”'

Rudiments of @
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The three caudal gills together are much wider t ahdomen

at its widest part. Each one is petiolate at base an enlarged in
all diameters beyond the petiole. Median gill %imately equal in
length to that of segments 8-+g-110, much d dorso-ventrally and
less so laterally immediately after %c iole, (hence increasing in
height gradually and slightly to t which is triangulate in profile
view, the ventral angle mo the median angle most aa.ute, ﬁ
dorzal angle projectin é f cnudar! as the ather two.
less than half length i@ e base there is an angular prutuhem oo
cach side at about one-fourth height of the gill fror dorsal erest,
so that there are in all five angular projections o@ﬁ . Most of
the chitin of this gill is brown and opaque, ur only translucent,
and is covered with scales, but on each o cg@ 0 latLr.ll faces there is
an area of colorless transparent cln%%p pring the ventral two-fifths
of the height and about four- ﬁi length from the hase L-iudati
(PL II, fig. 14) lacking scal
Each lateral cauda somcwhat longer than the medizn Qr
roughly triangular in ‘gfoss-section, one surface heing convex the other
two approximately pl:me. These lutter two are ‘-LIM internal
{mesial) respectively, the convex suriace is la 3 external) and
dorsal and greater in extent than cither of er two. There are
four angular protuberances: one at b b, or a little less than
half-length, of the gill on the middl &cmwex dorso-exiernal sur-
face; one at three-fourths of i th oi the gill on the convex sur-
face close to the margin o
the length of the gill t‘
muost obluse, forming the apex of the gill. The convex dorso-ex
surface of the gill is of brown chitin and scale-covered, the v
mesial surfaces chielly of colorless, transparent chitin and scales,
except along the margins where each meets the dorso-external sur-
face respectively. (PL II, figs. 3, 4, 9, 14, 15)

Between the bases of the three cauc are the rudtments af
the superior appendages or 'cercoi e mmago (PL II, figs. 7 8
su) and the supra-anal {s£0) and anal (sb) laminae. The rudi-

ments of the ‘cercoids’ are simple, cvlindrical or conical, with rounded
apices, and vary in len the fonr larvae, from about one-third to
more than ane-half
anal plates reach to §bout mid-length of the ‘cercoids’: each one a
pressed, its apex squarely truncate but produced appuarently int@ort
spine at its mesial angle when wviewed dorsally or ventrally; thiz ap-
parent spine is the end view of a vertical lamina.
The main zbdominal éracheol trunks and thei

in Pl IIT, figs. =2, 20; Pl II, figs. o, 17, 10 9
dominal segments 2-7 receive each two tracheae

es are shown
entral gills of ab-
from two separate

length of ahdominal segment 10, The sub- g@“ é‘
|
|

@W

pt 3

|
8

de

A

1
Q@eﬁ}lﬁriml ive from the main dorsal trn

o\e

é;oﬁ%ci;]

branches of the main lateral fr the gill tracheae divide and
redivide inside each gill {PL II .20, 25, 26) . Owing to the opacity
of the chitin, the l.]tldcﬂﬁ'a‘- of the gills and the obstacles met in clear-
ing them, I have no $ ahle to make otit more than the main hranches
of the tracheac s x ng the caudal gills (PL II, fig. ), The stomach

ENTOMOLOGICAL NEWS 55

15 supplied twn anterior and two posterior tracheae, one anterior

and mw@derior on its right side and similarly on its left side. The

ri d left anterior gastric tracheac lie parallel and close together

e dorsal surface of the oezophagus and crop; each is probably a

fﬁ:s own side of the body, but

he anterior end of the stomach

es into a set of (two) dorsal and a

£ shown in PL II, figs. 13 and 17. The

al branch apparently fnrmﬁ an anasto-
ponding branch af #ha -

this was not definitely ascertained.
each anlerior gasiric trachea
sel of (four) lateral hran
fourth, or ventralm
mosis with the o

e

631'& mide, the alimentary canal

was slit open lengthwlse, staln%\ vdrated cleared and mounted in
balsam. No definite indica rectal tracheal gills were found and
the rectal walls appe less richly tracheated than those of the
stomach. The re apilhc!ium appears to form three (glandulart)
areas. The i epithelinm was disinfegrated. No fvod was found
in the : ry canal.

thoracic pairs of ganglia are clearly disiinet from each
Posteriorly are seven pairs of smaller ganglia, located as fol-
lows: 1 in metathorax, 2 in anterior part of abdominal segment 2, 3
in hind part of scgment 3, 4 at the articulation of segments 4 and 3, 3
in anterior end of segment 6, 6 in anlerior end of segment 7, 7 in the
middle of segment 8 ¢ nerve cord in the male larva dissected {No.
3} passed to the ri t& the distinet rudiments of the genitalia pro-
jeeting dorsad 1 cawt;,r of segments T and 2

£ s gy 4 paUT

at

Discyssion or THE MorRe INTERESTING FEATURES oF Coma
\t Larva,

In current classifications Cora is placed in the Caloptery-
ginae or Calopterygidae (= Agrioninae of the catalogues of
Kirby, Muttkowski, ete.). Most of the Culopterygine larvae
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ﬁe abdomen

enlarged in
oximately equal in
ged dorso-ventrally and
Lnetinle, thence increasing in

The three caudal gills together are much wider |
at its widest part. Fach one is peticlate at base a
all diameters heyond the petiole. M edian &
length to that of segments 8-+g+10, u
less so laterally immediately after

height gradually and slightly mwapu which is triangulzte in profile ?&
view, the ventral an 15e, the median angle most acute,@

gle mi

dorsal angle proieaiw; ar caudad as the other two. At9
less than half length from the base there is an angular protuberanice on
each side at about one-fourth height of the gill frumﬁ dorsal crest,
¢0 that there are in all five angular projeetions gill. Most of
the chitin of this gill is brown and opaque, ost only translucent,
and iz covered with scales, but on cach o wo lateral faces there is
an area of colorless Lransparcnt daézmcupying the ventral two-fifths
of the beight and about four- s

(P1 II, fig. 14) lacking 53@ 0
Line 20 from top of page 35 should read to
stomach (PL 11, figs. 17 10 ipgl).- The rcctﬂm&“lr.tﬂcheu. two

face; one at three-fourths o gmgih af the gill on the convex sur
face close to the margiz mesial surface; one at seven-eighths of
the length of the gill e middle of the convex surface; and one, t
mast obtuse, [orming the apex of the gill. The convex dorso- 1
surface of the gill is of hrown chitin and scale-vovered, 1@& and
mesial surfaces chielly of colorless, transparent chitin a.ncl'# g scales,
except along the margins where cach meets the dorso-external sur-
face respectively. (PLII, figs. 3 40, 14, T -

Between the bases of the three czé ils are the rudiments of
the superior appendages or ‘ccrco@b he image (PL II, figs. 7, &
sa) and the supra-anal {sfl) and -anal (sbl} laminae. The rudi-
ments of the ‘cetenids’ imple, eylindrical or conical, with rounded
apices, and vary in in the four larvae, from about onesthird to
more than one-halfsof the length of abdominal scgment 10, The s tg
anal plates reach to about mid-length of the ‘cercoids’; each @d
pressed, its apex squately lruncate but produced apparently ini short
spine at its mesial angle when viewed dovsally or venyrally; this ap
parent spine is the end view of a vertical lamina. YS

The mzin ahdominal fracheal trunks and ches are shown
in PL II1, figs. =2, =0; PL II, figs. 9, Iy, I0. e ventral gills of ab-
dominal segments z-7 receive &acl}t ro tracheae from two separate

\ 1

V" -
o

the length irom the hase muda%

ae

et

pid

de

e

@@f‘?x i

o\e
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redivide inside each gill (PL TTL fgs. 20, 25, 2f). Owing to the opacity
of the chitin, the thickness of the gills and the obstacles met in clear-
ing them, I have n %ﬁ able to male out more than the main branches
of the trucheuug&&mg the caudal gills (PL IT, fig. 0). The stomach

branches of the main lateral tr?@% the gill tracheae divide and

is supplie twao antetior and two posterior tracheae, one anterior
and onelposterior on its right side and similarly on its leit side. The
ri nd lefi anterior gastric tracheae lie parallel and close together

ﬁn the dorsal surface of the vesophagus and erop; cach is probably a

derivative from the main dorsal trunk inﬁs own side of the body, but
this was not delnilely ascertained. éhe anterior end of the stomach
each anterior gastric trachea ez into o sel of (lwo) dorsal and a
set of (four) lateral b 5 shown in PL II, figs. 13 and 17. The
fourth, or ven‘traw ral branch apparently forms an anaslo-
mosis with the corresponding branch of the opposile side of the
stomach, ;

The ﬁ gut or intestine is likewise supplicd by bLrauches from the
o sal tracheal trunks. The trachea which passes to the ileum alzo
shes the posterior gastric trachea for the same side of the
tomach, The rectal epithelinm appears to form three {(glandular?)
dorsals and two laterals. (Fig. 10, rdri, ldei, pivt, i0).  After the
drawings forming figures 13, 17 an ere made, the alimentary canal
was slit open lengthwise, stai hydrated, cleared and mounted in
balsam. NWo definite indi gnf rectal tracheal gills were found and
the rectal walls a rG ch less richly tracheated than those of the
stomach, The r epithelium appears to form three (glandular?)

areas. Thesfstric epithelium was disintegrated. No [ood was found
in the ry canal.

e thorzcic pairs of gunglia are clearly distinet from each
0&1 t, Posteriorly are seven pairs of smaller ganglia, located as fol-

lows: 1 in metathorax, 2z in anterior part of abdominal segment z, 3
in hind part of segment 3, 4 at the arliculation of segments 4 and 5, 5
in anterior end of segment 6, O in anterior end o1 zegment 7, ¥ in the
middle of scgment 8 TFhe nerve cord in the male larva dissected (No.
3) passed to the g:f the distinet rudiments of the genitalia pro-
jecting dorsad.a r&e cavity of segments I and z

Disa_lssmn or THE More [NTERESTING I'EaTURRS oF CoORA
\’ Larva,

In current classifications Cora is placed in the Calaptery-
ginae or Calopterygidae (= Agrioninae of the catalogues of
Kirby, Muttkowski, etc.}. Maost of the Calopterygine larvae
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hitherto described (Cf. Karsch, 1893, pp. 42,1485 Needham,
1903b, p. 220) have the first antennal joint very long, as long
as all the other, or as several of the othef) joints added together.
Cora larva has the first antennal’j@int shorter than the second
and in this respect, as in othéts mentioned below, shows a re-

semblance to the Old Wdrld larvac described by Hagen (1330,

p. lxv) as pertaining to the legion Lluphaea* of de Selys, and
to a Mexican fragment doubtfully referred to Cora (I ¢, p.
lxvi). AL

The scales forming a more or less denge pile on different
parts of the body of Cora laryac dre’ structures which have
met little or no notice in the literature on the Odonata. They

occur in shapes varying ffont almost hair-like to that in whicli
the width is at least{more than hali the length (Cf., PLUIT,

figs. 4, 5, 11, 3 in the order named), The central amd more or
less arborescently-branched portion of each scale is thicker
than the often hardly discernible marginalrareas.

Biramous mandibles hitherto havé “been noted only in
Euphaes larvae of all the Odonata, and that very briefly
(Needham, 19034, p. 743): @1 "am not able at present to de-
termine whether the twsbanched condition there is the same
as that here deseribed for the larvae ol Cora or not. The re?
markable features of thesc mandibles is the possibility pf{inde-
pendent movement of the inner branch along the wotted line
shown in Pl II, fig. 16, and the difference in the form of this
branch in the right and left mandibles,df the same individual
noted above. Heymons (1806 b #afiTT, fig. 29) has figured
the mandibles in a young larwa 6T Ephemera vulgata which
are also two-branched biit, in contrast to the larval mandible
of Cora, the inner hfanch is larger than the outer,

The very shallow median cleft of the median lobe of they™
labium was hardly to be expected in larvae so appasénth-

primitive in other. features as our Cora larvae are. 'In this
respect also it agrees with Fuphaca larvae, as¢far as can be

* The name of the type genus of this Ieg‘iﬂn,;_}iﬁ})?.mm, is now re-
placed by Freudophasa Kirby. ;
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judged from Hagen’s description {1880, p. xlv). If Miss But-
ler's theory (I1god, pp. I, 11g) of the homologies of the
labium be correct,then the small, pointed tecth (Pl III, fig.
28 *) mear thelmiddle of the distal margin, would represent
the apiced of the original laciniae. The interpretation of Bor-
ner (ilpof.) p- 113) 1s different and is essentially that of Ger-
Stacker, Heymons and others,

Hagen (1880, p. Ixv) noted therexistence of “une plantuls
entre les onglets” of Euphaeg larvae and remarked (p. Ixvii)
“La présence d'une plantila entre les onglets est aussi un
caractére unique cheéz les Odonates,” The empodium-like
structure mentighed above for Cora and shown in L II, fig.
12, appears to be an homologous part,

The texistence of tracheal gills on abdominal segments 2-7
js the most interesting feature of Cora larvae. The only

| ©donata previously known to possess such structures are the

larvae referred to Euphaea and Anisopleuwra in the very brief
description of Hagen (1880), (0fic of these larvae was figured
by Folsom in Packard { .&ﬁ, p. 469). Hagen stated that
there were gills on abdominal segments 1-8; TFolsom found
them on 2-8 only; There are, therefore, one pair less in Cora
larvae. Hagen' compared these gills of Euphaca and Anis-
opfem'_r;_x'tﬁ'ﬂi‘osc of Stalis, but makes no mention of Ephemerid
lartae in this connection, Heymons (1896 g, pp. 83-90) com-
ié:ifud the abdominal gills of Lphemerid and Sialis larvae, re-
garded them in both cases as derived from abdominal ap-
pendages and noted the agreement in the pointed form of the
gills of the carly larval stages of both groups. The gills of
the second to seyénth abdominal segments of Cora larva fur-
nish an additien to this parallel. That the lateral gills of
Ephemerid larvae are homologous with the thoracic legs is
notjuniversally accepted, however. Diirken (1907, 1gog) and
Pérner (1goga) are the latest representatives of the two views
which look upon the Ephemerid lateral gills as dorzal and not
homologous with legs and as ventral and homologous, respec-
tively. We may not compare the lateral gills of Euphaea,
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Anisoplenra and Core larvae with those of iphemerid | é,g haps the two surfaces of t %rudlment might present only
larvae until much fuller data are at hand mg the de- i ﬁ‘ convex and concave »em@ espectively.  Turning then to the
“tailed structure, position, musculature eation of each. m imaginal wing t fcﬂlowmg lists were made proceeding in
The prezent study of Cora larvae pﬁ}.@mmh fuller informa- ?{@ every case h%k% anterior toward the posterior wing inargin,
tion than exists for either of tl& ther two Odonate genera Fli Convex 1@& proximal half of the wing, C, R1, Rs, My, A

mentioned. The markedl
question in Corg is_jnl

I some evidence against h h}ee cupplemenldry sectors, My, Cuza, Cuzb,

@nfral position of the gills E@ ¥ | g distal half, C, Ri, M1a, two uupplemental‘y sectors,

gizing these structres with thozse of the Ephemeridae and @& Coneave veins; proximal half wing, ‘B, M1 M3, Gur;

in favor ol their own serial homolagy with th legs. No g} distal half, M1, two supple sectors, Mz, one supple-

traces of these gills are present on the e f the ahdo- ‘1\ mentary sector, M3, two_ :¢e51115111.ar\, sectors, Cuz, one sup-

men of imagos of Corg L]reserved@@ﬁ 1u1 1111rnec11ately : plementary sector en Cuze and Cuzb.

after capture. : As s well Tg e inner surface of the wingpad and
@o an Odonate larva corresponds to the upper

surface of the imaginal wing, and the outer surface in the

The candal tracheal gill rg larvae are very differen ?ﬁ% wing-risdiment of

in shape from the simi %é situated gills of all other Odogﬁ i

larvae yet deacribM 1ding those of Euphaea (ct TFols ar the under surface in the imago. On comparing the

figure, I ¢.} and Anisopleurs, of which latter 1 pis §&ss a pho- ﬁﬁf convex veins with the drawing of the inner surface of

tograph from llagen’s specimen, taken andegiven to me by thc wing-rudiment and the list of concave veins with that of

Prof. J. G. Needham. In both of theKv ter two genera the T t@ the outer suriace of the u.m§; diment, it was seen that a

caudal gills taper posteriorly to a apex, \- close corlespondem_e exis th these exceptions: that C
As related in the opening pe this paper, the attempt to @ﬂﬁ (costa) showed on b 1.1cen as also did a thickening all

rear these larvac to tra tlDIl was unsuccessiul., That (; along the po ]&g‘r rgm and to greater or less extents Se

1

they are the larva\-ﬂﬁ Tara and so far as the Juan \-1 (sub-costa) rél branch of radins), M1 (first branch of
specimens at least ate concerned, the larvae of Corg ¢ @g‘

|
mcc[m) ﬁndl) Cuzb and the supplementary sector between
Calvert (1907, p. 348) is rendered practically ce % Cuzk, The wing-rudiment was then cleared in cedar
comparison of the wing-rudiments of larva No. KQWh thn = 1 % and examined in strong transmitted sunlight, when the
of an imago of this species taken at the ame ditch April 30, | vein-rudiments of both inner and onter surfaces could be seen
1910, The leit hind wing-pad of V0. 4 was slit open, E 0‘,@ from either surface by proper focussing, whereas befare clear-
the wing rudiment removed ﬂé ithin and examined in OI“ ing only those of the surface turned up toward the Iens could

alcohol under the compound microscope. The immer and outer Y be discerned. ﬁhc vein-rudiments now appeared in their
surfaces of the rudl ‘,c the views represented in PI, III, ée‘ Proper sequ & ing the alternation of convex and concave
figs. 23 and 24 resj el}- The veins shown in these figures g '} veins so r.seen in an imaginal wing. Careful focussing
are hands of reddfsh-brown pigment granules in the rudi % P alsg revealed the fact that at this stage the veins arc developed
itself. The left hind wing of the imago mentioned was'icom- <R, & upon one surface of the wing-rudiment, either inner or
pared with camera drawings of the two surf'u:e the wing- , ﬁ%ﬁ outer, except in the case of the costa and of the thickening
rudiment of the larva, At first the identific thc larval ’ c@ along the hind margin. The other exceptions noted above are
wing weins proceeded slowly until it ocr@é o me that per- w . all veins near the margins where the wing-rudiment is thinner

8o 1 @ A
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and where they can be seen through it E’vc%ﬁrhcse ex-

ceptions the veins appear fainter and narrgwer on one sur-

face than the other and are stronger and“ider on their proper ‘ifﬁc

surface, e. g. Sec and M1, concavé yeins, on the outer surface;

Ri, A and Cuzb, convex vei the inner surface, ‘Q 2
Another fact shown ese comparisons and the 1@1@&’

is that the uroas-v%ﬁ% y appear continuous from one longi-

tudinal vein to another when the two longitudinal veins =o
connected are two, one of which 1mn1cdiateg‘$igrs the other

6o ENTOMOLOGICAL NEWS [ Feb,)

in the imaginal wing. (Ci. the cross- etween R1 and
M1 and between M1 and Mz in PL ?@g‘ 24.)

It would thus appear that gitudinal vein develops on @
one strface of the win @ﬁmem before iU appears on @P"
other surface. Be ﬁéansfnrmaﬁon is reached each v
has formed on both'surfaces of the [uture wing but mot neces-
sarily equally on both surfaces, as may be sce Hagen's
figures (188g) from photographs of wings
laminae immediately alter transforma and expansion,

These facts of the developm m&éthe veins on one surface 4
of the wing-rudiment befog other have a practical value c'o“‘
in identiiying Odona by thiz method and do not seem é@
to be included in Prof. Needham's (1604, p. 687) snggestiw

en this point.

In the larva of Cora there exist the foﬂowinw ized
features: antennae with no hypertrophied joint, birdmous man-
dibles, paired ventral tracheal gills (if ¢ be morphologically
equivalent to legs), and perhaps F odium-like part, side
by side with specialized feati n the form of cuticular ¢
scales, almost completely fused halves of the labium and thick- e C
cned, shortened can Qéls. 1f to these generalized parts of a
the larva we a.dts e generalized features of the iiﬁagi @6-“
venation pointed out or implied by Prof. Needham la,
pp. 731, 746), we have good grounds for looking on € and 5
its allics as being in many respects the most primitive of living

into their two '*
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Larva of Cora.

Fig. 1. Left latero-ventral view of larva No. 4 9.
Fig. 2. Dorsal view of latva No. 3 4. Right candal gill lacking.
Figs. 1 and 2 from phatographs of aleoholic specimens. X 26,
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Fig. 3. Small fragment of surface of left ca i@dth[ﬂl will,
larva Wo. 3, showing twe scales and four artlc s for others. X
210.

Fig. 4. Scale from same gill as fig. 5210.

Tig. 5. Seale from first antenn shown in fig. 10, X 2100

Fig. 6. TFirst left libia an ﬁs of larva No. 4 X 8s. vx

Fig. 7. End vicw, hir @ of ahdomen of larva No. 2 9,0&?
gills removed. X 83

Fig. 8 Dorsal view, hind end of ahdomen of farva l& 2z 2, caudal
gills removed. X Bs.

Tig. 0. Left caudal gill, ventro-mesial vie wuned from draw-
ings from larvae Nos. 1, 2, 3, to show fra g‘q “n The dotted line in-
dicates the boundary between a cen& rer, unscaled area and an

epaque, sealed margin.
iew, larva No. 3, &. X 165
r tarsus of fig. 6. ¥ =210, 0

Fig. 10. Right antenna, ¢

Fig. 11. Scale from

Iig. 12. Ventral g e of distal end of tarsus, X 85,

Fig. 130 Dorsal view of hranches of left anterior ﬁac trachea
shown in fig. 17. X about 125,

Fig. 1. Right lateral view of metathoraxdﬁ hdomul ol larva
Wooon 2 Xige

Fig. 15. Veniral view of same.

Fig. 16, Left mandible, mesia ace, 1:111':1 No. 2, 2. ¥ 21, The
dotted line shows the line o Qge of the internal branch. e
Fig. 17. Left mde show tracheation, larva No. 3, d

X about 12.5.
Fig. 12. Ninth abdomlnal segiment to show  gonapophys ag'\
No, 3 4. X 55
Fig. 19. Left latero-dorsal view of intestine to show fracheal sup-
ply, larva No, 3, & ; Malpighian ipbules omitked. * about 12.5.
Fig. 20. Right gﬂl of fifth abdomlnal ent, larvd No. 3 &.
The gill has heen left wmtonched, ¢ @ of the seoment removed .
with the exception of the tracheaehp ving the gill To the leflt of
chy a portion of the chitinous ventral wall of the segment is shown, to
the right of chr iz a pD@df the tergite which has been turned out= “
e

ward (laterad) to shﬂ he striictures within the sepment. The por-
tions of the two man trachel triunks rdt and »lf have been tu
outwiard to give a clearer view of the hranches to the gill, re

with the fifth ahdominzl segment in fig, 2z, ¥ about 23,
Fig. 21. Dorsal view of head, larva No. 4, @.

show the outlines of pale marks. X 7.8 i ¢
Fig. 22, Darsal view of chief thoracic w dominal wviscera,

larva Neo 3, &. The hody has heen opened alang the mid-dorsal line.

The ganglion has been omitted Iwoecoud ahdominal sr:gmn:rlt, the

(%] ENTOMOLOGICAL, NEWS
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leit gide. X 78
Tig. 23, Inne t%ct of left hind wing-rudiment {— upper sur-

“ é wing-pads from left side, tnﬁkbnghudiﬂal ahdominal muscles
ﬁqge from the right; not all of thes® muscles (dim) are shown cven on the

"- face of mﬁ wmg) with the outline of its enveloping wing pad,
| wip, lag 4 X o124
Outer surfm:e af the same (= under surface of imaginal
'& K124

glli of sixth abdominal seg-

e“ Fig, 2 Transverse section of rig
g ment oi lar-,a No..2: 8, ¥ 5‘,
Fig. 26. Transverse 5cct1 1ef tracheal trunk of same gill in
section immediately an at shown in fig. 25. X 53.5.
Fig, 27 Dlshl teral lobe from fig. 0. X 28
| Fig, =28 Inm.r ﬁal] stirface of distal end of median lobe from
fig. 30, X =28,
Fig 2. Distal end of left maxilla from fg. 31. X 25
Ventral (outer) suriace of labhtum, larva No. 2z 2. ¥ 8

Fi
ogéal. Left maxilla and hypopharynx, ventral view, larva No.
v AR G

Abbreviations U

A, Anal vein (= proximal part
chr, Chitinous ridee formi
Cur, Cuz, First and se

in the Tlates.

o

ond sector of triangle of Selvs).
eral margin of an abdominal segment.
ranches of cubitus vein (= first and distal

part of seme sectors of triangle of de Selys).
d, d1, dz, D

ranches of lagl.
ongitiudinal muscles.
‘uscle fibres.
sonapophyses.
of, Gill trachea.
irn, Interarticular membrane between first antennal joint and head.
1X. Ninth ahdominal segment. E

ﬁ\ I, It-ly, Tateral branches of lagt.
lagt, Lelt nnierioﬁric trachea.

Icg, Doint of nt of left caudal gill.
Idt, Left d *achcuk
fdrt Left dfrsal rectal trachea.

i eft lateral trachea.
. Left lateral rectal trachea.
' “ ifiy.f Left posterior gastric trachea.
M1, M2, M3, M4, Branches af media vein (= principal, nodal, median

. ‘5‘ and short sectors of de Selys respectively).

Mra, Branch of M1 (=ultru-nodal sector of de Selys).
- micg, Median caudal gill.

ﬁ\o‘a

o™

T
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mg, Metathoracic (+ first abdominal?) gangli“\ta

msp, Metathoracie spirvacle,
mit, Malpighian tubes.

o¢, Oesophagus.

Ri1, First branch of radius ‘vﬂ
#4, Fourth lateral bran

rcg, Point of a f right
regt, Right can ill trachea.
rdrt, Right dorsal rectal trachea.
rdt, Right dorsal trachea.

#irt, Right lateral rectal trachea.
#li, Right lateral trachea,

Ry, Radial sector (= sub-nada
sa, Superior appendages i
Se, Subcosta vein.

ghl, Sub-anal lami 9
sp, Site of fut spiracle.

£pl, SBupra-anal lamina.

tah, Tendon of abductor mandibulae.
tad, Tendon of adductor mandibulae.

ts, Testes.

#* Tooth on median labial lob
u, Undetermined tube. ﬁ
vd, Vas deferens (begi

aom, Wing muscl

wp, Ontline of z-pad.

X, Tenth abdominal segment.

c°°$

caudal gill,

0
0“5““

g;n of de Selys).

{‘Cercoids’).

ae®

of}.

00

A median vein of éle Selye).

ight anlerior gastric trachea.
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Studies on Costa Rican Odonata.
1—The Larva of Cora.
By Pamwrr F. kr, Pu. D.
University nf;’éi‘ nia, Philadelphia, Pa.

W
ooP

Plates 1l and IIT)

In the cuuﬁégllr-entumological researches in Costa Rica,

erfo tindescribed and which, it now appears, are certainly of
the genus Cora. One of these was found at Peralta, Costa
Rica, March 24, 1910, in a shallow hrook in the woods west
of the railroad station, clinging to a submerged stone. The
altitude was about 333 meters, or 1100 feet. This larva died a
few days lateG.k was preserved in aleohol. A second is
recorded in diary, from Juan Vifias, April 27, 1910, as
follows: “About hali a mile farther [westward from the
\‘}@f waterfall along the railroad from Juan Vifias station]

a third fall, or rather cascade, reached by a little trail
through a bit of exceedingly thick damp woods full of wild
ginger [Costus sp., Costa Rican name cafiagria], heliconias,

* Vol XXI, pp. 334-337, July, 1010,

a brief outlifie 'of which has already appeared in ENTOMOLOG-
ICW@,* 1 collected some Odonate larvae of a form hith- .
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ferns and caladiums, The stream ig eﬁre:r@@rctt}' and
ought to be a favorite haunt of many ff?i ving species,
but the day was very dark with inter rain and we saw
no adult dragonfiics. After longghimting among the fallen
leaves and stones of the hroak, VP, found a larva with extr
gills along the sides of e%;mcn. This we suspect
the larva of Cor %stiﬂ to be determined howevar,
The diary fora& ril 29, 1910, also at Juan Vifias, reads:
“To-day was exceedingly dark and at time \‘ very thick
mist, altha’ there was no heavy rain. '&Q A, wrole in the
marning, I’. eollected come food f01‘ga§li\-'i11g dragon-larvae
gathered here. While sn doiré& found another and some-
what larger larva of the ﬁ which we suspect to belon @
the genus Cora. T rarkable in having attached to h
side of some of t&onvard abdominal segments_a finger-like
gill, a peculiarity posscssed by no other Amcriiﬁ\ﬁgon-larva
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as far as known. Our chiel interest in lary ng now centres
on these two individuals.” [ &

Still at Juan Vifias, the diar}égi May 2, 1910, records:
“With a lunch, rubber pon &d umbrella, the latter two for
investigating the farthefi'waterfall, T set out for that spot,
examining the ditcn ong the [railroad] tracks which earti
. the water from this fall. In going and coming, T f@%bf
all three of the supposed Cora larvae in this out nse
found last week lacked the caudal gills which, altho’ forming
part of the proper equipment of a \\-‘h(:lﬂ]border of dragonfly
larvae, seem to he of indifferent us -alue, for many larvae
lose them by accident ar by th of a brother or an enemy
and yet pass their larval existence as tranquilly and aceomplish
their transformatio téuccess«fully as their brethren. * * * 1‘
The three larvae fotnd to-day have their caudal, as ":ve.ll ge.
their lateral, ahdaminal gills, which latter have alrea QH
bricfly mentioned., The three candal gills are very odd-lanking.

They appear as if cut off straight across the i instead of
tapering as wsual, the straight edge [ ¢ h en scalloped
.into three points, Each gill is much imgc and, as the gills
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are each [a fifth] as long short ‘pudgy’ body, the effect
is to give the larva the appearance of “tail-heavy.” When first
taken into the Mbese three larvae remained motionless,
. ‘playing 'possum’ as it were for a minute or two, and then
: tool t r legs with some speed. In spite of their double
e«&@umt of gills, the Cora (?) larvae found do not frequent

F') different abiding place from less richly ‘engilled’ dragons,

o their fellow inhahitants beingtgﬁag'of Hetaerina, Argiz and
\ﬁ“ cotnmon types of LibeIIuI‘ﬁe The ditch in which these

; larvae were found w %! 15 time one to two feet wide and

rarely as much ches deep: it contained many small

stones on the unl sides of which the larvae were found. The
waterfall, whose outllow it was, was perhaps thirty feet high and
was i n fed by a stream descending in nceasional cascades
forest from a height of several hundred feet higher.
ﬁ’e took or saw imagos of Core chirripe at this waterfall in
different months, at previous visits, and on April 30 and May
2, TgTa. The altitude at whic e Cora larvae from Juan
Vifias were found was a meters, or 3300 feet.

On April 30, 1 m.cﬂ".. Calvert went from Juan Vifas to
our headquarter Cartago, taking with her the Cora larvae
of April E@d 20, and placed them in our rearing jars. [
follo ﬁé’n May 4 with the three larvae of May 2. At 6:50
P\ . of the same day occurred the great earthquake which
destroyed Cartagn. Tts effect upon our larvac in rearing has
\tﬁ heen hriefly described in the Nwuws as quoted. but by the great-
csl good fortune the bottle containing the Cora larvae of May

’0 2 was the single Wﬁ all our living Odonata-— that rolled

out and escape nction from the fallen wall. Two of the
larvae were eﬁ;}nd were carried in safety to our steamship at
Port Limon.” A second died May 7, and the third, with a
5 of mosguito eggs to furnish food, staried with us on the
5\‘) age to New York, hut expired on May 14, three days he-
fore we landed. Tach larva, as soon as its death was discov-
ered, was placed in alcohel, but evidently was not in a condition

" for histological study. This fact must be remembered in judg-

w@,@w

ot
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ing of the shrunken condition of some paltsﬁ& “the tissues
represented in figs. 20 and 25.

There thus have been available
larvae which may be designated asﬁéw

No. 1. &. Peralta 35 aho lengrh including antenmae a ﬁ&
caudal mlls 16.5 mm. body excluding the parts name ‘ﬁ
mim.

NMo. 2. 9 Inan as, ‘l’::.y 2, in fragments.

No. 3 &. Juan Vifias, May 2 measurements a tﬁe 205 and 17
mm, respectively. ?\; ;
Mo. 4. 2. Jusn Vifas, May 3z mc.asténﬁ& the satne as those

of No, 3
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resent description four

have been kept almost intact
AN G

‘1o 0F THE LARVAE, D
Heod deeply co posteriorly (Plate 171, fig. 21) ir reception

of the prothorax. Compound eyes and ceelli dlstmct ale yellow-
ish spots indistinctly visible on the upper surfac e head, twn in
front of the median ocellus, one anterior taqﬁ e posterior to each
lateral ocellus; some of these spots i

Antennaoe 7-jointed, but the Ia ﬁg
pound microscope (PL IT, ratios of the lengths of the joints,
in a detached antenna a cover-glass, 21, 26, 17, II, 9 5.5, 2 @
joints 1 to 6 success: ecreasing in thickness; joints 1 and 2 cloth é
with a dense pile, which is longest in Tarva No. 1, and consists
tened scales as shown in fig. 5. A similar pile is found on
parts of the body, such as the anterior margin of the n e lateral
margin: of the head posterior to the middle of the compound eves,
margins and ridges of the thoracic and abdondinal segments, of legs and
of wing-pads, a transverse ante-apical li ﬁahdnminaﬁ segments 1-10
for the entire width of the dorsu of the surfaces of the candal -
mille, ete. This pile is longer and
on the other three. ]01 -5 of the antennac have a decreasingly
smaller amount of p xﬂ

Maondibles” stout ranched, external branch larger, ity apex wi
five teeth, first two' teeth, counting from the dorsal margin, less
from cach other than are the other three, [ourth tooth lo
ternal branch in lar¥ae Nos. 1, 3 and 4 larger on the Ies mandible than
on the right mandible (right mandible lacking in o 2) and on
the left mandible its apex is truncated and Wl@ teeth or crena-
tions, dorsal-most largest (Phwte 11, fig. 1 he right mandible
the apex of the internal branch is pointed a d has only two teeth.

some Epecimens,
only visible under the com-

No. 3 has furnished dissectionﬁ%mternal organs. Nos 1 and 4 ?&

oﬁs segment 3 in Nos. 3 and JQ:

0“ and 43, hooks i mcrea

ENTOMOLOGICAL NEWS £3

éﬁ* Maxillze with the inner lob &ﬁL al tip, which bears three

ﬁ short internal teeth, and t].lree T slender, curved, internal processes
& and a row of strong setae, 10T, figs. 29, 31). Labium, when fold-
ed at rest, reachin % to l}u. Bases of the prothoracie legs but not
as far as the %‘ ntral prothoracic margin; median (mental) lobe
v but very sli % oduced distad in the middle and with a very slight
median distal margin crenulate with a very short seta hetween
e enulation and its neighbor; just within the crenulations a short
ance on each side of the median cleft is a small pointed looth (fig.
28, #% on the dorsal surface; mental sefae few (2-4 on each side of
the median line both on dorsal au etml surfaces) and short; lateral
lobes with a long curvcd terminal spine and three distal
teeth of which the mosl a] (mesial) iz shortest and is truncate
while the other tw ed. (TPl ITI, figs. 27, 28 30).
Prothorax with et lateral tubercles, 2 dorso-lateral (@) which
is dorsal to an amterolateral (B) and, posterior to (), a postero-later-
In the mesothorax the place of @ of the prothorax is accupied
racle, b is present while ¢ is represented by a dovhle tubercle
of these tubercles are represented on the metathorax which has an
windistinet spiracle on its lateral surface (FL 1L 14, msp). Front wing
pads reach to the hind end of ahdominal segment 6 in larva No. 1, to
the hind end of segment 4 in larva 3 and 4 Hind wing-pads reach
almest to the mid-length of se in larva No. 1, to mid-length of
1. 11, fig. 14, the wing-pads have been
divaricated and are n tﬁ actly normal positions, hence the difference
hetween the prece sentence and the figure). Legs not of a burrow-
| ing type, ta@}immcd with an empodium-like structure (PL II, figs.
) 6, 12).
triangular in cross-secton, of ten complete segments,
ux 1 decrease slightly in width from 1 to 8; 0 and 10 distinetly narrow-
0 er owing to their lateral marging not being produced laterad as far as
‘1\3. on the segments preceding (Pl 11, fig. 15), A curved, candad-directed,
v

‘.@a@

mid-ilorsal hook om segments 2-9 (latva Ne. 1) or 1-9 {larvae Nos, 3
in length from scgment 1 or 2 to segment 7
or &, that of g sligl orter than that of 8 (PL I, fig. 14). Hind
dorsal margi @m‘rm 10 with a wide median notch whose depth
is hali, orL half, the lengih of the scgment. (Pl II, fig. 8).
Segments 2-7 each with a pa!r of tapering, finger-like ventral gilla

bk ‘ i ﬁ‘veuts of # genitalia on the ventral side of segment z indistinet

a No. 1; in larva No. 3 they consist of {wo distinet black lines

‘\5 reaching from the intersegmental groove of 1-2 to behind the hind end

e o of the sternite of 2. Rudiments of 4 gonapophyses are present on

é segment g of larvae Nos. 1 and 3 (TL 1L, fig. 18). Rudimenis of ¢
] gonapophyses are shown in PL II, figs. 7, 8 14, 15.

w0od”
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FF&‘.@@&
he ahdomen
h enlarged in
‘oximately equal in
rged dorso-ventrally and
petiole, thence inereasing in Y
pex which is (rlangulate i prol ?& il
% , the median angle most acut FF ’
rﬁ far caudad as the other two. /
m the base there 1s an angular protuberanee on |
e dorsal crest, o

5 gill.

The three caudal gills together are much. wider
at its widest part. Each one is petiolate at baze -
all diameters beyond the peliole. M edian
length to that of segments 849410, mue
less so laterally immediately after
Lieight gradually and slightly t
view, the veniral angle
dorsal angle projec
less than half 10115,’15%
each side at about one-fourth height of the gill fr
so that there are in all five angular projections g@l
the chitin of this gill is brown and opaque, st only translucent,
and is ecovered with scales, but on each two lateral faces there is |
an area of colorless transparent %&mmp}lllg the ventral two-Hiths ‘&
of the height and about four- the length from the base caud P
(PL II, fig. 14) lacking %

Each lateral cau s somewhat longer than the mediz 1Qiih |
roughly triangular jn"cross-section, one surlace heing , the other 1
two approximately plane. These latter two are ﬁ@nd internal !
(mesial) respectively, the convex surface is {external) and
dorsal and grealer in extent than either o @ftthcr twa. There are
four angular protuberances: one at g‘th ot a little less than |
half-length, of the gill on the m]ﬁ hc coavex dotso-external sie-
face; one al three-fourths o nglh of the gill on the convex sur-
face close to the margin mesml surface; one at seven-eighths of
the length of the gill e middle of the convex surface; and one,
most abluse, forming the apex of the gill. The convex dorso- al
suriace of the gill is of brown chitin and scale-covered, th and
mesial surfaces chiefly of colorless, transparent chitin an ing scales,
except along the marging where each meets the dorso-exiernal sur-
face respectively. (PL IT, figs. 3, 4, 0, 14, Jﬁ

Between the basczs aof the three ¢ s are the rudtments of
the superior appendages or ‘ccrcoﬁ% the imago (P II, Ggs. 7. 8 "
sa) and the supra-anal (s#) andisub-anal (55} laminac. The rudi- co
ments of the ‘cerecids’ Jm[ﬂe, eylindrical or conical, with rounded
apices, and vary in 1 @ n the four larvae, irom abont one=third to
mrre than one- haH‘ he length of abdomingl segment 10, Thc 5
anal plates reach to about mid-length of the ‘cercoids’; each or | i
pressed, its apex squnrely truncate but produced apparently in short
spine at its mesial ‘anpgle when viewed dorsally or 7§a”3 3 this ap-

parent spine is the end view of a vertical lamina.

The main abdominal dracheal trunks and m‘hrs are shown
in Pl III, figs. 22, 20; PL II, figs. 9. 17, 10 ventral gills of ah-
dominal segments 2-7 receive each two tracheae from two separate

Maost of ‘\ﬁ\ﬂ
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branches of the main fateral @&nd the gill tracheae divide and

redivide inside each gill (PI. ﬁgs 20, 25, 20). Owing to the opacity
of the chitin, the Lhickness of the gills and the obstacles met in clear-
ing them, T have 1 able to make out more than the main hranches
of the trach iilying the caudal gills (PL TT, fig. 9). The stomach
18 %upplug 1 two anterior angd two posterior tracheae, one anterior
sterior on its right side and similarly on its left side. The
and left anterior gastrie tracheae lie parallel and close together
on the dorsal surface of the cesophagus and crop; each is probably a
derivative from the main dorsal t oaits: own side of the body, but
this was not definitely ascertain dig@ the anterior end of the stomach
each anterior gastric tracl ides into a set of (two) dorsal and a
sct of (four) lateral raégs as shown in PL II, figs. 13 and 17. The
fourth, ar ‘mtri , lateral branch apparently f[orms an anasto-
mosis with the corresponding branch of the opposite side of the
sfornach.

L . BRI

RS

Ve

s of rectal tracheal gills were found and
the rectal walls appearmuch less richly tracheated than those of the
stomach, The rw cpithelium appears to form three (glandular?)
aread, T tic epithelium was disintegrated. Np food was foumd
in the% ntary canal.
\1 ree tharacic pairs of ganglia are clearly distinct from ench
Posteriorly are seven pairs of smaller ganglia, located as [ol-
lows: 1 in metathorax, 2 in anterior part of sbdominal scgment 2, 3
in hind part of segment 3, 4 at the articutation of segments 4 and 5, 5§
in anterior end of segment 6, 6 in anterior end of segment 7, 7 in the

¢
middle of segment 8. The nerve cord in the male larva dissected (No.

3) passed to th rﬁ [ the distinct rudiments of the genitalia pro-
jecting dorsﬁ@ he cavity of segments 1 and 2.

D{gssmx oF THE More INTERESTING TEATURES or CoRa
Larva,

In current classifications Corg is placed in the Calaptery-

ginae or Calopterygidae [= Agrioninac of the catalogues of

Kirby, Muttkowski, ete.). Most of the Calopterygine larvae

halzam. D}o rIeﬁn?tE. ir;'a
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The three caudal gills together are much wider ﬁ he abdamen
at its widest part. Fach one is petiolate at basc wch enlarged in
all diameters hevond the petiole. fl#gdmn DTDledtﬁ]_\.- equal in
length to that of segments 8-+g+T arged dorso-ventrally and
less so Jaterally immediately a r&

darsal angle projed as far caudad as the other twa, Al

less than half lengt irom the hase there is an augul.ir rotuherance on
cach side at about one-fourth height of the gill fi‘% ¢ dorsal crest,
20 that there are in all five angular projectio iz gill. Mast of
the chitin of this gill is hrown and opaqaw most only translacent,
and is covered with scales, but on e two lateral faces there is
an area of colorless transparent c oceupying the ventral two-fifths

af the height and about io gﬁha of the length from the base caudé
(Pl II fig. 14} lackin

Lite 20 from top of pap;vle =5 should read \to
stomach (PL II, hgs. 17, 1o, ipgt). The ra:tur“ﬁq ur tracheae, two

9
&

Cduj_ REIE RPN A UL IU-TALCL Motk DL~
length of the gill on the convex sur-
face close to the m : mesial surface; one at sﬁven—cighths ol
the length of the gil the middle of the convex surface; and on

most ohtuse, forming the apex of the gill. The convex dors ﬁ ml
surface of the gill is of hrown chitin and scale-mweret‘],\ ﬁ 1 and
mesial surfaces chiefly of eolorless, transparent chitin angd lacking scales,
except along the marwins where each meets the dorso-external sur-
face respectively. (PLIL figs. 3, 4, 0, 14#6

pACERS iy Ll RS L P B [T ﬂlll I L
face; one at three- four'(hs

-~

Between the bases of the three ilis are the rudiments of
the superior appendages or ’cer:%@ the dmago (PL II, figs. 7 &
sa) and the suprz-anal (s#]) and sub-anzl (sDi) laminae. The rudi-
ments of the ‘cercoids’ simple, eylindrical ar conical, with rounded
apices, and vary ingl h, in the four larvue, from about L‘lnf-—!h‘:r‘d t
more than one-half of the lengzth of abdominal segment 1o, The
anal plates reach to about mid-length of the ‘cercoids’; eac WQ
pressed, its apex squarcly Lruncate but produced nppurmﬂ}- a short
spine at its mesial angle when viewed daorsally or trally; this ap-
parent spine is the end view of a vertical lamin ﬁ

The main abdominal fracheaf trunks anﬁ ranches are shown
in PL III, figs. 22, =2o0; PL 11, figs. g, 17 10w The ventral gills of ab-
dominal segmenls 2-7 receive eacl’ul.wo tracheae from two separate

o“&u

1.'0 P, |

[F‘e’@@ N\‘

petiole, thence increusing in 3

height gradually and slightly, apex which is triangnlate in profii
view, the wentral angle lqgc tuse, the median angle most a
tle

1 \mﬂ

e'j‘

ptd

g\¢
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branches of the main lateral and the gill tracheae divide and
redivide inside each gill (PL TIE figs. 2o, 25, 26), Owing 1o the opacity
of the chitin, the thickness of the gills and the obstacles met in clear-
ing them, I have %&7 able to make out more than the main branches
of the truchmix ving the eaudal aills (P11, fig. g). The stomach
& supp twa anterior and two posterior tracheae, one anterior
al asterior on its right side and similarly on its left side. The
&gaud left anterior gastric tracheae lie parallel and close together
Un the dorsal surfzce of the nesophagus and crop; each is probably a
derivative from the main dorsal tr its own side ol the body, but
this was not definitely ascertain " the anterior end of the stomach
each anterior gastric track uier: into a set of (two) dorsal and a
set of (four) lateral @@35 as shown in P1 17, figs. 13 and 17. The
fourth, or venl,r& lateral branch apparently forms an anasto-
mosis with the rrcspondmg branch of the opposite side of the
stomach.

The d-gut or intestine is likewise supplied by brarches from the

ENTOMUIDGICA@JFWS 53

iches the posterior gastric truchea for the same side of Lhe

ﬁ! rsal tracheal trunks, The trachea which passes Lo the ileum also

o“ﬁg

stomach. The reclal epithelium appears to form three (glandular?)

dorsals and two laterals, (Ifig I i‘, idrt, rirt, lrt). After the

E'I'F made, the alimentary canal
ehydrated. cleared and mounted in
g of rectal tracheal gills were found and
the rectal walls nuch less richly tracheated than those of the
stumach 1 Me‘plthdlum appears to form three (glandular?)
areus. tric epithelinm was disintegrated. No food was fouml

in t Lnr_:try canal.
three thoracic pairs of ganglia are clearly distinet from each

ET. Puatcr:orlv are seven pairs of smaller ganglia, located as fol-
1m-.5 in metathorax, 2 in anterior part of abdominal segment 2z, 3
in iund part of segment 3, 4 at the articolation of segments 4 and 5, 5
in anterior end of segment 6, 6 in anterior end of segment 7, 7 in the
middle of segment & ke nerve cord in the male larva dissected (No.
3) passed to tw of the distinct rndiments of the penitalia pro-
jecting dor the cavity of segments 1 and 2.

was slit open lenglhwise, s

dr:iwmgs forming fipures 13, 7 j
balsam. No definite 1 g

vss10N oF THE More InTERESTING FEAaTURES OF CoRA

\. LARVA,
Tn current classifications Cora is placed in the Caloptery-
ginae or Calopterygidae (= Agrioninae of the catalogues of
Kirby, Muttkowski, ete.). Most of the Calopterygine larvae

Wﬂ@‘*“
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hitherto described (Cf. Karsch, 1803, pp. 42)48; Needham,
1903b, p. 220) have the first antennal joint i-éry long, as long
as all the other, or as several of the oth€r, joints added together.
Cora larva has the first antennal joint shorter than the second

and in this respect, ag in gthers mentioned below, shows a re- T
semblance to the Old Wesld larvae described by Hagen (Lﬁﬁ '

p. Ixv) as pertaifiifig ‘to the legion Euphaea* of de Selys, and
t::) a Mexican fragment doubtfully referred tg- Cm‘a Lot p:
Ixvi}. -

The scales forming a more or less r?emt: plle on different
parts of the body of Cora larvae @r¢ structures which have
met little or no notice in the literature on the Odonata. T‘hcy,
occur in shapes varying, fzoh almost hair-like to that in which:

the width is at lgas{htiore than half the length (Cf. Ph AT,

figs. 4, 3, 11, 3 in’ ‘the order named), The centra] and more or
less arborescently-branched portion of each, sgale is thicker
than the often hardly discernible ma1g1_na;l',__3tems

Biramous mandibles hitherto_ have “been noted only in
Euphaea larvac of all the Qdgmata, and that very briefly
{ Needham, 1goza, p. y;};_;l_;:-','.-f'mu not able at present to de-

terrnine whether thev‘tﬁbibmnuhed condition there is the same &

as that here described for the larvae of Cora or not. The g&
markable features of these mandibles is the posa1b1l1r.) ef iﬂﬂ&
pendent movement of the inner branch along the dotted line
shown in PL 11, fig. 16, and the difference in the form of this
branch in the right and left mandibles. bf the same individual
noted above. Heymons (1 806 htab ‘1, fig. 29) has figured
the mandibles in a young Ear*.é “6f Ephemera vulgata which
are also two-branched but, in contrast to the larval mandible
of Cora, the inner hrmn:f] is larger than the outer.

The very shalléw median cleft of the median lobe of the

labium was hardly to be expected in larvae so appm“e&iﬂy
primitive in other features as our Cora larvae are. " In this
respect also it agrees with Euphaea lawae, ax;ﬁar as can be

* The name of the type genus of 1.11IS 1@;!&@33!%15&“& is now re-
placed hy Psendophaes Kirby.
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judged from Hagen’s desciigtion (1880, p. xlv). If Miss But-
ler’s theory (1gog4, pp. I#4, 119) of the homologies of the
labium be correctysthen the small, pointed teeth (P1 IIT, fig.
28 *) near, ;bgéﬂ-ni'i-ddlc of the distal margin, would represent
the apicgj{ﬁ"’t'he original laciniae. The interpretation of Bor-
nex, (5909, p. 113) is different and is essentially that of Ger-
sticker, Heymons and others.

Hagen (1880, p. Ixv) noted the existence of “une planfula
entre les onglets” of Euphaeg larvae and remarked (p. Ixvii)
“La présence d'une plaisfila” entre les onglets est aussi un
caractére unique chez les Odonates” The empodium-like
structure menfidhed above for Cora and shown in L II, fig.
12, appears to be an homologous part.

They existence of tracheal gills on abdominal segments z-7
Pl !he ‘most interesting feature of Cora larvae. The only
‘Odonata previously known to possess such structures are the
larvae referred to Buphaea and Anisopleura in the very briei
description of Hagen (1880). . {gﬁ;n: of these larvae was figured
by Folsom in Packard (i&ﬂ p- 469). Hagen stated that
there were gills 011@@@31 inal segments 1-8, Folsom found
them on 2-8 only. “Ihere are, therefore, one pair less in Cora
larvac. P!,qg&h:i;umparcd these gills of Euphaea and Anis-
up.’eurﬁ#b‘lhose of Sialis, but makes no mention of Ephemerid

. laryae in this connection. Heymons (1896 a, pp. 88-go) com-

.ﬁared the abdominal gills of Ephemerid and Siafis larvae, re-
garded them in both cases as derived from ahdominal ap-
pendages and noted the agreement-in the pointed form of the
gills of the early larval stages of both groups. The gills of
the second to sevienth abdominal segments of Cora larva fur-
nish an apdiiﬁf}’h to this parallel. That the lateral gills of
Ephcmfrw larvae are homologous with the thoracic legs is

, .;ngg universally accepted, however. Diirken (1907, T909) and
Borner (10og a) are the latest representatives of the two views
which lock upon the Ephemerid lateral gills as darsal and not

homologous with legs and as ventral and homologous, respec-
tively. We may not compare the lateral gills of Euphaea,
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Anisoplenra and Cora larvae with those of Ephemerid
larvae until much fuller data are at hand %ﬂg the de-
tailed structure, position, musculature andytFacheation of each.
The present study of Cora larvae s 1@@5 much fuller informa-
tion than exists for cither of ther two Cldonate genera
mentioned.  The markedlg iventral position of the gills.i %‘&
question in Cora 1 @ ell some evidence against 1 =
gizing these stru% cs with those of the Ephemeridae and
in favor of their own serial homology with therfeic legs. No
traces of these gills are present on the ir of the ahdo-
men of imagos of Cora presewegéﬂ alcohol  immediately
after capture. &@ ?Q

The caudal tracheal gﬂ[@ ora larvac are very cliﬂ-'ere.&%.
in shape from the sit %ﬁj situated gills of all other Od
larvae vet descrilﬁ& Tuding those of Euphaea (cf. Folsom's
figure, I. ¢.) and “Anisopleuru, of which latter IpodSess a pho-
tograph from Hagen's specimen, taken an ﬁ en to me by
Prof. J. G. Needham. In both of the er two genera the
candal gills taper posteriorly to a@) t@c apex.

es'of this paper, the attempt to .

As related in the opening pi
rear these larvae to tr ﬁﬂaﬁon was unsuccessiul. That
they are the l:u‘vw ra and, so far as the Juan Vif &@
specimens at least are concerned, the larvae of Cora M
Calvert (1007, p. 348) is rendered practically certas m a
comparison of the wing-rudiments of larva No, imth those
of an imago of this species taken at the same ditch April 30,
1910. The left hind wing-pad of 1@ Na. 4 was slit open,
the wing rudiment removed within and examined in -
aleohol under the compound mieroscope.
surfaces of the rudim ve the views represented in PL 1II, éﬁ‘
figs. 23 and 24 rgm The veins shown in these:figures g‘ﬂ

are bands of reddish-brown pigment granules. in the m%iﬁ@@

The inner and outer cQ

itsell. The left hind wing of the imago mentioned w M- s
pared with camerd drawings of the two surfaces of the wing-
rudiment of the larva. At first the identificati f the larval 2

wing veins proceeded slowly until it oce me that per-

ue
LY )
@;&ftﬁ’xxu]

haps the two surfaces of the rudiment might present only
convex and concave veins fespectively, Turning then to the
imaginal wing the following lists were made proceeding in
every case [r ﬁﬁ anterior toward the posterior wing margin.
Convex @@' proximal half of the wing, C, R1, Rs, My, A
and (£fnz2; distal half, C, R, M1a, two supplementary sectors,
three supplementary sectors, M4, Cuza, Cuzb,
Conecave veins: proximal half of wing, Se, M1, M3, Cur;

ENTOMOLOGICAL NEWS g0

o) distal half, M1, two supplem tg'y sectars, M2, one supple-

mentary sector, M3, two supplementary sectors, Cur, one sup-
plementary sectnr& Ween Cuza and Cuzb.

As iz well %w inner surface of the wing-pad and
wing-rudiment of an Odonate larva corresponds to the upper
surfage of the imaginal wing, and the outer surface in the
lacvaeio the under surface in the imago. On comparing the
%Of convex veis with the drawing of the inner surface of
the wing-rudiment and the list of concave veins with that of
the outer surface of the wing-rudiment, it was seen that a
close correspondence oxis ﬁ ith these exceptions: that C
(costa) showed on b Qrfaces, as also did a thickening all
along the posteri rgin and to greater or less extents Sc
(sub-costa), (first branch of radius), M1 (first branch of
media‘lsﬁ( anal), Cuzb and the supplementary sector between

O

8 d Cuzb, The wing-rudiment was then cleared in cedar
‘ and examined in strong transmitted sunlight, when the
@ vein-rudiments of hoth inner and outer surfaces could be seen

from either surface by proper focnssing, whereas hefore cleat-
ing only those of the surface turned up toward the lens couid
be discerned.
proper se
velns s

the wveirl-rudinents now appeared in their
iving the alternation of convex and concave
sily seen in an imaginal wing. Careful focussing
also revealed the fact that at this stage the veins are developed

't ¥ vpon one surface of the wing-rudiment, either inner or
ﬂ outer, except in the case of the costa and of the thickening
along the hind margin. The other exceptions noted above are

all veins near the margins where the wing-rudiment is thinner
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and where they can be seen through it. Lv %ﬂ these ex-
ceptions the veins appear fainter and nar
face than the other and are stronger aes

on one sur-

er on their proper \ﬁ\h'
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Rirwer, C. Tm%g Die Tracheenkiemen der Fphemeriden, Zoel.
% T

surface, e. g. Sc and Mr, concave geins, on the outer surface; Anzeig, XXXI 25 Jan. 8 o ; P
e Y N R i T it e plaieoreine e
Anocther fact skown @a se¢ comparizons and the fi % 53 Archi- und Metapterygots. Zool. Anzeig. XXXIV, Nr. 34
is that the cross-vei appear contintious from one %- éar_ %
tudinal vein to another when the two longitudinal veins so g;ﬁ Burier, H, roag.  The labinm of tt Odonata, ‘Trans. Amer, Ent.
connected are two, one of which immediatel rs the other Q@ Soe. XXX, ké% . A
in the imaginal wing. (Ci. the cross-ﬁﬁ tween R1 and b\ﬁ\ C{LBE;’I‘, F B Imi-lué?ﬁ gia Centrali-Americana,  Neurop-
M1 and between Mr and Mz in Pl-dO+ g. 24.) ICEGRKE:-“H-B’*‘- 1 w Tracheenkiemenmuskulatur der Ephemeri-
Tt would thus appear that ea @ngiturlinal vein develops on ﬁ g I.:lnte;' e %‘thﬁgung der Morphologie des Insektenfligels.
one surface of the win, @{mcnt hefore it appears on thﬁ Zeitschr! wiss. Zool, LXXXVIL
other surface. Bef nsformation is reached each 1 Imm.g 1gon, Zur Frage mach der Morphologie der Kiemen der
has formed on imﬁﬁ}urfaces of the future wing but_not neces- Eﬁ iden-Larven, Zorﬂ: Al:zeig, }{XX_IV. June zq. ;
sarily equally on both surfaces, as may he cee "% Hagen's G o B N dun‘ A d e Lacved de LRigper-
. 3 Z vgines. Comp. Rend. Soc Ent. Belg. rer Mai.
Pigtimss (16ig)) From ghotogeaphs of wmgﬁgbmto their two Temn. 1830, Spaltung ecines Fligels um das doppelte Adernelz zu
laminae immediately after trnnsfo‘rme@ﬁ and cxpansion, \‘o zeigen. Zool. Anzeig. Nr. 312 q
These facts of the developmeni&ealhe veins on one surface s‘l} Hevmows, R, 1806 a. i 1’ ie Tehensweise und TEntwicklung
of the wing-rudiment befa E& other have a practical value 0“ von Tphemera vulgata. ﬂﬁ sher. Gesell. naturforsch. Freunde Ber-
in identifying Odonat ée by this method and do not seem d@ ¢ Ih_Tj":gm_ 1806 [gae;r%dzﬁgg der Fntwickelung und des Korperbaues

to be included in I‘ eedham’s (1004, p. 687) suggcstiur“

on this point. e
In the larva of Cova there exist the followin 92&(1

features: antennae with no hypertrophied joint, biramous man- -

dibles, paired ventral tracheal gills (if 7 be morphologically

equivalent to lega), and perhaps the ium-like part, side

by side with specialized feat

scales, almost completely fused halves of the labium and thick-

ened, shortened caudab-gills. If to these generalized parts of ée

the larva we add generalized features of the ifﬁaginage.i‘

venation pointed out or implied by P'rof. Needham

Bp. 731, 746), we have good grounds for looking on Cdra’and

its allies as being in many respects the most primitive of living

Odaonata. 0 G F | i

1.0 B, | -

the form of cuticalar - ops

von Odon Fphemeriden, Anhang Abhdl, Eonigl. preuss. Akad.

Wise,

g

sett, . 1803, Die Insekten der Berglandschaft Adeli im Hinler-

e von Togo (Westafrila). Berlin, Ent. Zeit. XXXVIIL
Negnmam, J. G 1903 . A Genealogic Study of Dragon-fly Wing

\i@ Venation. Proe. U. 5. Nat. Mus, XXV,
o Tew, 1903 b, Life Histories of Odonata, suhorder Zygoptera. N,
York State Museum, Bulletin 68,

Iem 1904. N v‘ﬁragﬂu—ﬂy nymphs in the United States National
Museum. P& 2. Nat. Mus. XXVII.

Phﬂkhiﬂ. 8. 188 A Text-beok of Entomelogy, New York
The Macmillan Co.

LRy wclies Al e g
* i sﬂ\'tc Exm_,.w.qm.m or Prares 1T amnp TIL
co“ 4 Larva of Cora
Le Tig. 1. Left latero-ventral view of larva Nn 4 2. : :
Fig. 2. Duorsal view of larva No. 3 2. Right caudal gill lacking.
. Figs. 1 'and 2 from photographs aof alcoholic specimens. X 26
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Fig. 3. Small Iragment of surface of left o ﬁi@racheal ill,
larva No. 3, showing two scales and four uni{‘&ns for others,
210,
Fig. Scale Trom same gill as Eag‘ G( 210

oF
Fig. 5. Scale from first an*c::mal shown in fg 0. X 210, ‘A "
i}

Fig. 6. First left tibia an s of larva No. 4 X 8s.
Tig. 7. End view, hi of abdomen of larva No. 2 9
gills removed. X Ivé

Fig. & Dorsal view, hind end of abdomen of larva & 2, caudal
gills removed. % 85 &
Fig. 0. Left candal gill, ventro-mesial vie ‘L ined from draw-
ings from larvae Nos. 1, 2, 1, to shaw trebggn. The dotted line in-
dicates the houndary between a cer carer, unscaled area and an
opaque, scaled margin, X 58 a ﬁ
Fig. 10. Right antenna, ﬁue-w larva No. 3, &. X 163 Gp‘
Fig. 11. Scale from r tarsus of fig, 6. X zro. 9
Fig. 12. Ventral e of distal end of tarsus, X 85,
Fig. 13. Dorsal view of hranches of left antermrﬁaxc trachea
shown in fig. 17. X% about 12.3.
Fig. 14. Right lateral view of metatlmr.vbﬁgabdomen of larva
Hoas B s
Fig, 13. Ventral view of same, X&f sﬁ
Fig. 16. Lell mandible, mesia ace, larva No. 2, 2. % 21. The 0“
dotted line shows the line o € of the internal branch.
Fig. 17. Teft side to show tracheation, larva No. 3,2
* abotit 12.5. ‘ “
Fig. 18. Ninth abdominal segment to show gonapophy G@rua »
No 5 &, X ss
Fig. 19. Teft latero-dorsal view of intestine to =Imw\ acheal sup-
plv, larva No. 3, 2 ; Malpighian tubules omitted, about 125
Fig. zo. Right gill of fAfth ahdr_wmmalﬁ ent, larM No, 3. 3.

The gill haz Leen left untoucherd, th 6 of the segment removed o
with the exception of the tracheae Qp ving the gill. To the left of cd‘

chr a portion of the chitinous ventral wall of the segment is shown, to 66
the right of chr is a po f the tergite which has been turned out-

ward (laterad) to s ¢ structures within the segment. The por-

tions of the two main tracheal trunks sdt and s}t have been tu g

cutward to give a clearer view of the branches to the will, f
with the fifth abdominal sepment in fig. 22, X about 23.
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wing-pads from left side, 9 rsal longitudinal ahdominal muscles
from the right; not all of 1 muscles {dim) are sliown even on the
Iett gide;. X :

Fig. 23. In F‘SM‘I&LL of left hind wing-rudiment (= upper sur-
face of i wlmz'} with the onlline of its enveloping wing-pad,
wp, 1 e b . o T
éﬁg 24, Outcl suriace of the same (= under surface of imaginal

ng). X 12.4

ge“ Fig. 25 Transverse section of nge gill of sixth abdominal sep-

ment of larva No. 3, 2. ¥ 53
i chief tracheal trunk of same g{ll in
?that shown in fig. z5. X 555,
ateral lobe from fig. 30. X 28
orsall surface of distal end of median lobe from

I"1g 26, Transverse sect
section immediately fo

Fig. 27. Dist
Fiz. 28 Tnoe

fig. 30. X =28

Fig. go. Distal end of left maxilla from fig. 1. ¥ 22
i . Ventral (outer) surface of labium, larva No. 2, i
31. Left maxilla and hypopharynx, ventral view, larva No.

12
02, e

Tig. 2r. Dorsal view of head, lurva Ne. 4 F. dotted lines " e o“
show the outlines of pale marks. X 7.8 I @ e c
Fig. 220 Darsal view of chief thoracic dominal viscera,
larva No. 3, 4. The body has been cpened al 2 the mid-dorsal line. e“ g ¥
The ganglion has been omitted fr. {% cottd abdominal segment, the ug
1 \w
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Abbreviations in the Plates.
A, Anal vein (= prox:mal pe ﬁcond sector of triangle of Selys).
chr, Chitinous ridge for aterzl margin of an abdominal segment,
Cu1, Cuz, First and s branches of cubitus vein (= first and distal
part of s sectors of triangle of de Selys).

d, dr, d2, aﬁginches of ingh
da"m,wwimdinﬂ museles.
uscle fihres,

munapnph}'ses_

gt, Gill trachea,
i, Tnterarticular membrane between firgt antenmal joint and head.
TX, Ninth abdominal segment.

I, I1-13, Lateral 'hrargxs of Jagt.

ric trachea.

lagt, Left anterio

Ieg, Point of ﬁ\hﬂ&nt of left candal gill.

Idt, Teft ﬂ?& Taches,
lirt, Left dorsal recial trachea,

6¢uft laterzl trachea.

t, Lel lateral rectal trachea.
fpgt, Left posterior gastric trachea.
M1, Mz, M3, M4, Branches of media vein (= principal, nodal, median

and short sectors of de Selys respectively).
Mr1a, Branch of M1 (=ulira- nodal sector of de Selys).
ey, Median candal gill.

‘oo?o

e




=

G4 ENTOMOLOGICAL NEWS [F@ 11

mg, Metatheracic (+ first abdominal?) ganglion. \‘.0
smsp, Metathoracic spiracle. sﬂ

m?, Malpighian tubes. coﬂ

oe¢, Oesophagus.

R1, Tirst tranch of radivs v& edian vein of de Selys).
r4, Tourth lateral brane ¢t anterior gastric trachea. P
reg, Point of atla right caudal gill. G
regt, Right cauda trachea. o

rdrt, Right dorsal rectal trachea.

rdt, Right dorsal trachea. o‘to !

rlvt, Right lateral rectal trachea. S
»lt, Right lateral trachea. 0“
Rs, Radial sector (= sub-nodal rclf de Selys).

o, Superior appendages of dmage (“Cercoids’).

Se, Subcosta vein. eﬂ“

sbl, Sub-anal lami 9

sp, Site of future Spiracle.

spl, Supra-anal lamina. \{O
tab, Tendon of abductor mandibulae. s“

tad, Tendon of adductor mandibulac. cp{\

ts, Testes. e
t*, Tooth on median labial Tobe. 6
#, Undetermined tube. “

vd, Vas deferens (begi of).

wm, Wing muscl

wp, Outline of wing-pad. ge“

X, Tenth abdominal segment.
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