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10N d Studies on Rican Odonata.
II.—The Habits t-dwelling La.wa of M:dstogae

\‘ﬂ modestus*
By Puire P, Cacyerr, Pu. D q?“
wg versity of Pennsylvania, Ihil mﬂ
o“ﬁnﬂolmcemem has already been made 1} News (Calvert
de' ©" 1010 2 and b) and elsewhere (EB , 1909 ¢, 1011) of the discov-

ery, in Mexico by Mr. I, d in Costa Rica by the writer,

Two epiphytic Bromeliads on a bl @ Firvihsinn, Cartago, Costa Rica, July &, t5vs
- AT P v Amelia S Calvert,

of Oklonate larwing in the water which .f,o,{lects bet

bases of the leaves of Bromeliads growing upon tr ul of
the r of the imagos of Mecistogaster Stus Delys

5]

ese larvae,
#Number I, on The Larva of Cera, \? ﬂlished in Entomological
News XXIT, pp. 49-64, plates TT

., Felruary, 1917, J&
4%
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| The pineapple is the most_fmgi&éample of this family of ‘oo ness and their serrated spiny edges, they must be handled care- I
| plants, .allhough, of course, it i an epiphyte. The epiphytic \ & 1% fully to avoid s and bleeding hands. The stocks are at- |
-‘5 bromeliads of Costa Rie ‘addition to the Tillandsiae, per. tached to st trees at very varying distances from the ! ]
| tajln to the gener rolepis, Aerh:rfml, Bs'ﬂberg.'sa an : 2 ] groundcﬁ. less than a foot to more than fifty feet (15 me- 14
] cairnia, accord NMercklé (190g). Their range lu sea- . Bl tr;@? |
i level to 1 rs of such voleanos = Trazu (‘II, cet, 3300 : n account of the size and formidable defenses of these | |
i metres], but they are Lk ab‘-‘”dﬁﬂf in the moister parts of the il oge‘ plants, it was our tsual pramce I@t those whose attach- |
] country. To the naturalist traveling al usual route from m ment was not more than ﬁf‘ree vc the ground. throw a ]
E Limon to San José, the most striki erence between the al- long rope over one or m cks pull on hoth ends of the | I
most constantly maoist Atlanti cho se and the Pacific side, with rope so that it woul between the tree trunk and the |
its definite dry seasan, i uch greater numbwr of brome—ﬂ br ; i i 8
omeliad and br e roots which fastened the latter to its !
- ha;:‘l) am:] other epiphy Tfhe former, host. Some water and some of the most active insect inhabitants | |
3 n; ;Fr‘m s 'C‘f the poré (Erythring) and o A : ‘of the epiphyte would he lost in this operation. As soon as the 4
; chs*w o M v ""”Ti t'f;l' htt’.dgtl:s csL)1rr0111'1c1m,g,r d1.h(: b - le and br ﬁreached the ground, it was placed with its crown of i
| pastures artago (Atlantic slope 5 with leaves directad unward ; 5 |
: pward and the upper parts of the leaves cut |4
five to '.tI?ln mcfhcs (12.5-25 cm.) in len w xtremely abun- T with a knife to get rid of the inconvenience of the spines. : |
dant. They frequently but not ““ contain water and : Beginning with the outermost leal of the whorl, the leaves |
ustially berbot some insects ESP Blatt:dae, but they never \tﬁ were removed one by one, care etripping each to its at- [
furr;lshcd any Odnna?e Iﬁ m()r v-,e1;: imagos of Mer;s‘fo_ 09 S b G et e file - R |t
gaster ever met at t tude (4730 feel, 1450 metres), in e he | SEnY e ] L Th B (il
4 : eaf bases with a fo d placing them in bottles. i
Oul'EtXPff“:“':ev : : : c’ The first time ound hromeliadicolons Odaonate larve i
" piphy ds of greater si e (i e., with leaves was October 900, at Tuan Vifias, Costa Rica. Three dis- i
t b]:c fexft, » cm., long) ocenr in forests both g oot al cpiphytic bromeliads had been examined with-
abave this elevation, hut our ‘collectlons OF Odon = from ont that day, at different points along the road and trail :
them, as well as our observations of Mecista adults, were Y leads from the railroad station down to the iron hridge §
made at altitudes lower than 3300 feet (1000 metres). The b jary: |
2 b 4 over the Rio Reventazon. To quote from our diary: “The
lﬂeja\'xesbof these pllants spring fro 1th1 ;} x;:g's?o;t stock that u\tc fourth and last bromeliad was in the forest about 200 feet |
e1r bases are close toget ¢ blades of the leaves in J i
. ; 2 3 above the river and 10-12 feet above ground on a tree trunk. !
contact with each other . eral inches. As a general rule a4 ns R i a hour’s tugeing and pulling, the mass, ‘
number of stocks grow side by side on the same host 6 comsisting of ﬂ.“. h and weighing surely not less than
tree, whose or branch they may completely encircle, and d fifty pounds ae ground. T cut off the leaves as belore |
as the st v be attached to each other it is nat easy to gil : S Wy found a dragonfly larva between the hases of [
aﬁat;: ona;mdwmua;dphnt fr?m its fellows, The Ic ‘ twp leaves not many leaves in from the circumference, Tn
the lengih mentioned, taper from base to apex, f rom %4 ar T remained after the pl h
: . ; plants fell, no other larvae were
their fellows and either stretch up stiffiy for hen‘ entire length 4 ‘ Gound and there was much still to be examined, so [ left the
or droop over gracefully near their trps o to their stiff- TR T o“ plants where they had fallen, At g A, M, [Oct. 4] T resumed
o\"o ‘ @9° 209"
“5 P \ o |
O : \ |
3 ' P‘ﬂ 1 N
- ¢ | 6P
a . 9 e e |
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cutting off leaves as bef d when T had removed all the ﬁ

larger ones I carrie ree stocks, still so firmly united L
I was unalle them with my little knife, and -
ing fifteen po or more, to a spring farther down the canyon

sitle so that T might wash out the mud whc ary to male ‘
more careful search, Tn all the hrome examined these
two days there was much mud he ¢ leaves, chiefly the
outer ones, as well as dead trees which have fallen
from the above or, per mles, have been carried in by
wind. At noon—af ee hours’ constant work—T finished.
the examinatio ?& d found two more dragonfly larvay’!
This clum romeliads was tenanted, in addition to the
Odonate larve, by a young scorpion (Centru garitatus
Gerv.) two inches long, which had jus ed, the exuvia
also found; two species of Phalan etergimus signalus
Bks,, Cynoria sp.), a Psuucluar.;ag ighe!mmm &p.), and Co-
leoptera, hoth adults (Met dimidiatipennis Jekel ; Ale-
goria dilatate Castel
thereto; an Fndo s, new, near Trochoidens; Cercyon
or Phaenonot sp.: and Phaenonotune tarsale Sharp
larvie (Tlaterids, probably of the genus Smmum: as 3
allied to what is considered the larva of Dolopi yrid
of an unknown genus, but apparently related to Phofurt,r a
Sphaeridid, possibly Phaenonotum ;gale) a Dipterous larva

(Stratiomyid) with a circle of at its hind end: two
Heteroptera, the suhglnhulawimowm dissimilis Dist. -+

atid a flat nymph of (prok Belminus rugulosus Stal; a
Hepialid raterplll small earwiy (“too immature to be de-
terminable ; p &' is a Labig, possibly L. annulate Fabr.”) ;
ants of an cribed species of Apterostigma.  The w
wil, Aﬂemmmus dimidiatipennis, bore many Acari (a

Uropoda) on its legs, and another larger Acarme (Calanopsis

§p.) was present between the leaves; in the mud
orm (an im- s
uick in its move- ’

between some of the leaves was a fair-siz
0
‘1\‘ T | \‘“

[Nov, 1911

mature Andiodrilus binlleyi Cog. di

ryptobium sp, or genus allied co“

- quantly thr

Vol. xxii] OLOGICAL NEWS. 4ob
culiar smooth prohoscis which was fre-

t and looked like a spine.*
hcse inhabitants of the bromeliad, the Pseudoscor-
e ﬂftt Reduviid Belminus and the Elaterid larve re-
red to Semiotus {(?) appear lo poss e most adaptive
dy form, i. e. flattened to corres the crevices between
the hroad leaf bases. This Qﬁ marked in the Semiofus
(7) larvae which measu aé/é in. (25-40 mm.) long, one-
quarter inch or more um.) wide and less than one-eighth

inch (<3 mm.) in ﬂuclmess

The list hege given of the cotenants with the Odonate larvae
i tﬁc by any means all the bromefiadicoli which we

does nat
metd a Rica, but is interesting as giving a glimpse of the
organic environment of the special subject of this paper,

Again at Juan Vifias, on December 1900, we pulled
down a large epiphytic bromeliad [ azout 12 feet above
ground, “although it took all our ch weight and strength
to do it and were rewarded [ ing seven or cight good speci-
mens of Odonate la of“dilferent sizes. This bromeliad
had, among other itﬁ a few of the large black ants, Qdon-

romeliadicoli were submitted to speeialists and I
thanks the identilications of the earthworm by Dr.
ore, of the ants by Prof, W. M. Wheeler, of the earwig
by Dr. Maleolm Durr (through Mr, J. A G. Rehn), of the Arachnida
t Mr. Nathan Banks, of the Coleoptera by Mr. E. A. Schwarz, of the
‘)‘ cteroptera by Mr. O. Heidemann and of the Lepidoplerous larva by
5 Dr. H. G. Dyar. The identification of the last four named groups was
“ arranged by Mr. Frederick Knab, who himself determined the Strati-
omyid larva.

Of the ant Aptgra,;

specimens and sto

ments and w1th§‘

ﬁe‘ﬁ

*Specimens

., Prol, Wheeler, afier examining these
rom Cosm Rica #ot collected in bromeliads,

wrote: “It is a Euu grcv-lr!g ant of the most pnmltnr_- and, at the
I present time, most interesting genus of Auwii, No species of this genus
has 1 taken in Bromeliads, All of the known species have
b scribed from cavities in rolten wood where they build a pecu-

- fungus garden using caterpillar excrement as a substratum, and

c@ enveloping the whole garden in a myeclial weh which is not known to
exist in any of the other genera of Altiine ants” Since, as stated
above, a caterpillar also lived in this same clump of bromeliads, doubt-

bt lcss the usual living coenditions of &rlrrq{ﬁgma were satisfied here,
9
e e — e = e et '_'___.-F....%_"Jj
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ously developed jaws,
ied wide open and measure
one-quarter inch frc‘ tip; occasionally they would b
snappeil shut with ery audible click.”* We were by no
means always successful, however, either in ﬁndlx& otte
larvze m bromeliads or in pulling down the rom the
irees, as records in our diary for La Lmll:@“&vembcr 1900,
and at Juan Vifas in February an 1g1a, show. Our
last collection from them was & 26, 1910, when we ex-
amined clumps of bromelh rees near the edge of a clear-
ing about 100 fect bel ﬁarmlmdd tracks west of Juan Vifias
station, altitude abotit’3200 [eet. Tlere we “found a Ecw&]r Vi
of Mecistogaster w1t11 the accompaniment of spl ck-
roaches, mosquitoes, slugs, planarians, earthw ? nd hig-
jawed ants.” Among the Mecistogaster la qén one sialler
than any we had previously found aﬂT ec-;l)r did not im-
mediately separate it from its | ethren; when I turned
to do s0 it had dlsﬂppeart, aﬁec had no doubt that it had
suffered from the stic habits of all its tribe.

The fate of our bremeliadicolous Odonate larve: was as fol-

tomachus hastatus Fabr., wit
bent near the tip, which

ters at Cartago alive and were placed in separate gla

lers, cach containing a little water and a miniature bromeliad
from the neighboring cercas. They were fed with, and were
seen to eat, smaller dragonfiy larve, T ?ﬁla of Octs 3 {Neo.
49) died in the act of moulting eing unable to cast
the skin from its head and espect the mask. One of those
uf Oct. 4 died from so nknown canse and its hinder parts
were eaten by its o &q before separation ; the other (Nn
48] moulted betw Oct. 15 and 24, while we were ahscni

lows, The three of October 3-4, 1909, reached our headquﬂgev

and again on Dec. 25, but died Dec, 30-31. w
The larva ohtaqu Dec. 17, 1909, were similarly arrange&
Ernmeunng on specimens of this species, FProf. ¥ wrote:

i cliads at

“1 find in my collection a series of specimens tak
Alta de Scrra in the F'rovince of Sdo Paulo, ¥ von lhering.
Apparently it has a habit of nesting in such places! it i
number of bromeliads i in Coeta Rica. ta

G | were number

d study.
“ Our diary for April 28, é& at Juan Vifas, records: “We
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Cartago, but were supw re often with Chironomid larvae;

ﬁ | they did not seem :QO cious as most Odonate larve are. They
No. g4 died Jan. 3, 1010. No. 55,

: without furt moultmg, transformed April 6 as Mecistogaster

- - O 9@ &. No. 36 died in attempted transfor@timn April
:ﬂ& 0. 57 probably moulted Jan. 19-29 d our absence

‘ and transformed April 18 as Mecistoga rodestus . No. 58

moulted and died Jan. 1929 moulted Dee, 25 amd

ﬂ transformed April 4 as Meci modestus &. No. 6o
GF | probably moulted Fel. 15-18 'during our absence, as fragments
of an exuvia were found Feb. 19; moulted March 29-30 and

il 3. No. 67 moulted Jan. 7-16 and again

was found dea

March 13- g
‘ 4, a5 we o record for it later than March 16. |
The larvee of April 26, 1910, (Nos. 1-3) were at once pre-
ed in alcohol, as were*the pre-metamorp v1ae and the
s\l dead larva resulting from our collectio %?‘5& 3-4 and Dec.
Loﬁ 17, but not all the exuvim have be @ ble for the present ‘
|

went down the road nver [Reventazon] ¥ * * At the
| bromeliad clust which we obtained the larve on Decem- )
| ber 17 last, @whwh Mecistogaster miodestus transformed in i

| our room at Cartago this present month of April, a single male
ofuhif species was sitting on the tip of a leaf and was easily |1
t with the net. Before reaching this tree we passed an- i
00 other also with bromeliads of an apparently dilferent species. i
e [ # Around these bromeliads tw ﬁ'ﬂa]es of M. modestus were 1
6 fluttering and alightin @! " we did not see them making ]
e,“ any motions of ovipos . pne of them disappeared into the I
g cafl bases as if she might e on such an errand. On the out-
.«;ide of ot % yard-long leaves, about six inches from the

“exuyia of modestus which we were able to get.”

2 Y t ﬁry for May 1, 1010, reads: “Went down to the Revent-

g‘ *Iyn December we had pu]led down some, but not all, of the stocks
- ge“ forming this cluster, leaving the others as a control.

as lost probably in the earthquake of May |
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azon, As I passed the cluster of rc&%ads around which two
females of Mecistogaster it
Thursday, a female of thi ies was transforming on the onts
side of o leaf. T was able to secure both her and her exuvig
[8.30-9 A. M.].” “All these ohservations show that in
their unnatural surroundings and perhaps lowe
our larvie at Cartago were not retarded in thed
cotnpared with their free relations in t
The origin oi the bromeliadic

Mecistagaster wiodestius ma sibly be acconnted for in the
following manner. 'l‘hg

gaster are South A‘lﬁ d and some of them occur along the
Amazon, where also are the headquarters of the Bror e

{ Wittmacl 1888, p. 39). As is well known, “thous; miles
of forest” along this river are inundated w&wet seasol,
5o that a person “will travel through thi <t for days, scrap-
ing against tree-trunks and stoopi ss beneath the leaves
of prickly palms, now level ¢ water, though raised on
stems forty feet high” { e, 1508, vol. I, p. 220; Wallace,
1853 ete., chap. in),\ uch
whether of the Dromeliacez or of other families, would ofter
be just at the water's surface, or only slightly submerge
would olfer to Zygopterous Odonata guite ordinary
places for oviposition. An association with certain plants might
thus be formed by Mecistogaster or its rs, which would
persist even when the water-surface @ﬁ wh below the level
of the epiphytes. Only such pla cotlld retain water for
long periods of time (weeks anl months) would permit the de-
velopent of essentia atic larve and the water must be
renewed from time’“ me. This last condition would prevent

clopment as
ative forest”
hit of the larvee of

the survival of Meeistogaster wherever the rainfall was too in- 09

tepmittent, Once the association of this insect with bromelia

or any other suitahle plant, were formed it might persist with
{he spread of the insect away from the regions of yearly
inundation (the Amazon or elsewhere], wh 6 nceive its
_‘Ht is suggestive that the legion Pseudosti&mjﬁ-s, to which Mecis-
tagaster belongs, and the Bromeliaceae aaconﬂned to tropical America.

W e {
Ak -
, €@

| |
b | oepﬁ

‘*a o, |

were seen flving by us on Qhﬁ

rity of the species of Mecisto- ﬁ@

periods of high-water, epiphytes, “ ée’

o

d% (v « # % (fher natural enemies [of mosquito larvae living in the same

Vol. xxii] ENTOMOLOGICAL NEWS. 410

possible origin to hav @‘&‘ed. to the forest at Juan Vifas
where the treesﬁﬁﬁ rhored our larva: were far, far above
the highest rks of the Rio Reventazon, M. modestus,
M. orn n& Megaloprepus coevulatis, as we saw them in
a, usually fly above the underbrush and when disturb-
ise to a height of many fect above theggrou

of Mecistogaster

and its allies (Megoloprepus, Micrastignma, Pseudostignia, Ano-
misme) may be a special adapl to the life of their ofl-
spring in water-containing’ lants, since the abdomen of the lar-
va of M. modestus is no longer, proportionally, than in other
Agrioninm. The space between the leaf of a hromeliad and
the leaf ut decreases downward, and if Mecistogas-
ter's deposited in the plant tissue in or near the con-

tained water, in accordance with the general habit of the Zy-

@{o[-tcra., it would often be necessary for the female to reach far

down into crevices possibly too narro mit of the en-
trance of her thorax and wings. &5 g abdomen with the
ovipositor near its hind end wgﬂ erefore be of distinet ad-
vantage, and it will be a of great interest to ascertain,

by future ohservati if-the lengths of abdomens seen in va-
rions members egrion Pseudostigma of de Selys are cor-
related wi arities in length in the plants or other ob-
jects in which they oviposit.

¢ larva and transformation of M. modestus will be deseribed and
Ggured in Number 111 of these Studies.)

Supplementary Nofe on Plant-dwelling Odonate Lorvae—In addi-
Gon to the records of plant-dwellipg Odonate larvae already mentioned
in the News (Calvert, 19702b% Mr. Frederick Knab has called my
altention to a paper by, @ F. Leicester (1903), eontaining the follow-

ing statements: “Ong he most important hreeding places [for
masquitoes! in the jungle is the water which ecollects in the bamhoo,
cither in mps of old bamboo or in the cavities of fallen bamboos
which i o cases have cracked in drying and allowed waler to ac-
& in them, or even in standing fiving bamboos in which some
Qﬁﬂ las bored a hole in the stem and allowed water to enter {p. 2at).

places, in addition to the carnivorous mosquite larvae Megarhinus]
are the larvae of certain species of Agrionidae, Libellulidae and Chir-

onomidae”  (§. 292). N
0%
oo™
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: LITERATURE QU 1L°“ ;
Cacverr, P. P—rgro 0. A P'l:mt-dw&E Qdonate Larva. Eat
News, XXI, p. 264 June. ;
Inmm—igia b, P]zm-dwe]lig

October. G

Ietn—T1010 . Zoo]nﬁ esearches in Costa Rica. Old Peimo - -
Weekly Review of the University of Pennsylvania, IX, p 5150
Nov, 12, With figure (p. 167) of the fully-expanded Zaster |
modestus and its exuvia, The remarks on Mecistag ‘ut not the 4
figure, were reprinted in Entom. Mo, Mag. (2) & pp. 17-18, Jan,

te Larvae, L. ¢, pp. 3065-366.

A

1911, under the title “Dragonflies breeding i -water collected at
the leaf-bazes of Bromeliads,” with co ts by G. C. Champion.

Imb.—_rpn. Newly Found Odon; ac of Special lnterest from ﬂ
Costa Rica. Science (n. 8) X @p. 358, March 10, OG

Leicester, G, Fo—io03. ing Place of Certain Forest Mos-

e’“ Vol. xxii]
s"“og.

a9®

G

ENTOMOLOGICALQWS. 440

Studies cnuuga Rican Odonata.

III. Structure Nﬁ sformation of the Larva of Mecistogaster
¢ modestus,

By néeP. Carvert, Pu.I), University of Pennsylvania,

FPhiladelphia, Pa. -
(Plates XVII-XIX) e c

ragon fly whose dis-

in the News for Novem-

owing

The early stages of this long-|
covery and habits have heen d
ber, pages 402-410, furni

Duscrieriox or THE Larva oF M. MoDEsTUS.

guitoes in Malaya. Jo op. Medicine VI, pp. 201-202. Sept 15, Material 5t e :
S'PBUG& R—1008. Noles of a Botanist on ﬂ1§pﬁfam2:an % :;_ (a) FG Vifias, Costa Rica.

Edif:‘:d by A. R. Wallace, Macmillan & Co, London, 2 v f 0 Taotal length Body length
Wainack, A, R—1853. A Narrative of Travels en azon and including caudal excluding
Rio Negro, Londen. Reeve & Co. znd edition i ard in 18g0. Nao. i gills. caudal gilla.
WerckLE, C—1o00. TLa Subregion Ui 23& ca  Costarricense, \t s e e AT LU (gills lac w 1 mm

Tipografia Nacional $-Jose, Costa Rica. u P e T STe &t g
Wrrrmack, L—1888.  Bromeliace gler and Prantl's Die Na- it b“ it TR A e Sk T 6 R &@ “ ey
tirlichen Pflanzenfumilien, 11 7 Abteillung. Leiprig. e q [oRnn T iR e S D e c s lacking) 215 "
—_— 6 | 56 & partly transformed e
A BrowrLianicorous 18- WoRM.—Apropos of the article on “ 57 @ exmvia....... o 3t 25 mmn 19.5
bromeliadicolous dragon-fly larvae in this number of the News, th gz 58 ¢ larva .. 'e OO i
following item from a letter from Mr, K. T. Morton, of Edi B 9 exuvi o .......... vaus (gills lacli‘l.ﬂﬁ') 3
Scotland, is of intercst: “Longer ago than I care to think, FE =0 9 ﬂ SRR s et i i ) 19.5
Miller, amongst other curious habitations of Trichopterous larvae, it o ia of March 13-16.... * “ (in {fragments)
sent me some caddis cases taken from the waﬁpr&gm‘ between °3 Iaf:va ...... g iy e B 2 21 mm,
the sheaths of Bromeliads found on tre .F primeval” forest | \t SEIL et L ) S - ot ek
it sl ot 10 “5“ ¥ 8 ke ok AME 4oL (R gt (atcket)
0 : exuvia of M:;ll._,.,.,““,, s g
1 - d@ ¢ 4 " % Dee 17..8% k... (gills lacking) (distorted)
\t S 101 7 larva recover crop of
.’ No. 1 (in fragments)

oo oY

(b) From Orosi, Costa Rica, March, 10171, collected by Sr. C. Picado
T., an rded by Prof. ]. F. Tristan.
dimensions as abave, 205 and 18 mm.
%@mﬁa dimensions 2z above, 23 and 195 mm,
Qf) From Cordoba, Mexico, April, 1908, bred by Mr. F. Knab,

9 exuvia (distorted). by g

OGFV\ L ! : 60 co(Sw Calvert, 1910.)
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e
Mature lorea,

Deescription based on larve Nos. 1, 2 an:és&aﬁgaxumae of 55 37,

50, Aprl 28, May 1, Orosi (2) and C'Drdob
Color, pale yellowish- to reddish-lire

according to the Tength of ﬁ
time which has elapsed since mog . posterior ends of abdominal G%

segments darker.
Head concave in the WE posteriorly for the reception of the

prothorax, angles of the hind margin rounded off and clothed, with
shorl hairs and short spines. Compound eves dlstlrlct &ndi- "
cated hy three pale vellow spots,

Antennee 7-jointed, ratios of the lengths of the an antenta
detached from larva No. 1 and in alechol m:def mr glass: 18 =20,
33 26, 19, 12, 7; joints 1 to 7 ﬁucnﬁss reasmg’ in thickness
(Pl XVII, Fig. 3), the distal ends ] 3—6 a little thicker than
the proximal ends; naked, excep v\.ho:] of long and very deli- G
cate hairs on the middle of t .and 7th joints and near the distal 9
4 some, also the 3jrd, joint; in dry

cnids of the 4th, sth, 6(@
exuvie, e, g. afler metamarphosis, these hairs are often matt
& hort

on the antennge and not visible except under a compound m
Ventral surface of each gena with a row of ahou
spines parallel to the posterior margin of the gompo ° thc spines
directed forward, d
Maundibles one-branched, apex of laft man
(counting from the dorsal margin) a
three, wentralmost longest; apex
more nearly equal in size,
Maxille wvery similar to t of the larva of Core deseribed and ﬁ
figured* in the first study of this series, except that the attennate tip g
of the inner lohe bears o, instead of three testh. g
Labinm, when at rest, reaching almost or entirely to the hindﬁ
of the prothorax; mentum abont twice as wide al: the level o =
articulations of the lateral lobes as ab its proximal end (PL XVII,

Fig. 63, strongly produced distad to form the nv:;a hml lobe which

with fve teeth, first

shorter than the other

ma:tlﬂ!ble with four teeth
lnng:c.t

lacks the slighlest trace of a median clefL, hu 2-47 crentilations
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)
\w setae. T.ateral labial lobes

oy terminal articulated np:
Amesial or ventral)
terminal spine a

%T, Fig. 5) with a long tapering

two tapering distal teeth, the inner

1::11 is the longer, 6-7 sctae hetween the

ase, and a group of 4-6 (80 Cordoba) shost
conical splw e lateral margin opposite the most proxmtal zeta. |

& o3 The: wut well-developed tubercles of other peouliar strue-

tu eﬁsnstigmala latera-dorzal, between prothorax_and mesothorax,

Qg:aled trangverscly.  Motastigmata smaller, - £ cloge to the

nterior margin of the somite. In the aleoholi , the front wing-

le of abdominal segment

\ pads reach to slightly posterior Lo Lhe
4 (Nos. 1 and 2), or to the anteri e of 5 (No. 58), the hind
| wing-pads to the hind end o (Nos. 1 and 2} or to the mid- |
ﬁ 5 dlc of 5§ (No, 58). In the amorphic) exuviz, the point reached |
P | hy the front wing-pads varies from the anterior edge of 4 to one-
| fourth the length of 4, and that reached by the hind wing-pads from
| one-third to eﬂf the length of 4. These differerices between the
| uvize are probably due to the distortion produced
of exuviation,
| Legs der, with very short hairs on the longitudinal carinse, tarsi J
| three-jointed with two untoothed elaws which are curved and very
| ‘ @sl:nrp at the apex (Pl XVII, Fig 1), an Emp on the distal part ‘
ﬁ of the tibiz and on each lateral margin o antar surface of the |14
tarsal joints are one or more rm-.:. of égtnﬁd (or less freguently |
quadrifid or pinnate) spines eﬂﬁg 4), whose length ranges |
from o7 mm. to .T§ mm. |
Ahdomen suhcylmdrlc complete segments, decreasing grad- B |
ually in width aml F ht from 1 to 10, without dorsal or lateral |F

hooks, co‘uererl nute hairs .1 mm. long, Viewed ventrally, the |

latcral m ch of segments 1-7 widen caudad from the an- |16

tetfior on D thlrd.s or three-fourths of the schnEnt’s Tength and

¢ natrow to the posterior end. Hind dorsal margin of 10 in the |

@ shallowly concave and produced upward (dorsad). |

_ undiments of aceessory male genitalia visible under the ehitin on |
- the ventral side of abdominal segment 2 Male ponapophyzes rep- 1

on cach side of the median line (Pl 2), wsnally a short

bBlunt spine in the excision between cachi€renulation and the next; c resented by Lwo strong sharply-péinted spines con the ventral side of |
three or four pairs of sctac neargthe middle and other shorter setae 63 o situated at three-fourths e segments’ length, about half as !
situated more proximad and ‘ terad, and a number of very short long as g and projecti and caudad to {he level of the middle i
pointed spines near the o ed distal margin, on the dorsal mental -~ e‘“ of 10, ﬁ 7 : 5 |
surface; cach lateral mental margin in the distal half with 14-21 short Gg Female gonapophyses: ovipositor, in the aleoholic larva, ‘read:lmg |
conical articulated spines, which series is continned mesad by about | to the mi No. 2), or to seven-eighths (No. 38) of abdominal seg- |
4 similar spines on a thiu]t_ening near the articulation of mentum and it f [t +  ment e exuviz to seven-eighths of 10, or to beyond this seg-

lateral labial lobe; on the ventral mental surface are two pairg of | m a distance equal to about one-eighth of the length of 10; |

moderately long setae, one pair proximal to, the other pair

arply-pointed genital valves teach to the middle of 10 (No. 2],
c, r 1o barely beyond 10 {No. 58], or in the exuviz to beyond 10 for |
as tuch as one-third of the length of 10. )

Wo@"'
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Rudiments of the superior appendages L e%gs' of the imago
gé h

viewed dorsally half as long, or less than s long, as 10, digitate,
bent more or less ventrad near the mc their length in the male,
nearly straight in the female, rlish—_vcllo“r. (Pl. XVII, Fig.
B sa).

The three caundal gill darker i eolor than the abdomen,
lozenge-shaped or diamond- slmpcd in transverse section of an-
terior portion or stalk (which eomprises one-half to lhr‘ s of
the total length of the gill), the vertical diameter than the
horizontal, the four angles distinctly keeled or , the carine
minutely serrate {less marked on the lateral cﬁ of the median gill
amd on the mesial carina of each lateral , each serration beating
a short hair: on the two lateral gi dorsal serrations are larger
and fewer than the ventral se % while on the median gill the
dorsal serrations are smal more numerous than the serrations
of the ventral edge. T ight of each ll (i. e, its vertical dmn1~
eter) increases gradually from the base candad to ope-half
fifths of the total length and then expands more abrupt ﬁ rbe
thinner, foliaceous, terminal portion (PL XVIT Figs. 1
Fig. 10), which may taper rather rapidly to an apex or may
end as a fully rounded convexity, The ]ara% of the anterior

r

stalk of the gill are not eontinued on minal folinceous por-

tion, but the dorsal and ventral ¢ a‘re continuous with the non-

serrated but sparselv hairy dor ventral edgc‘s of the foliaceous

part. The maximum he1w foliaceons part is about twice the
T

maximum height of the s he candal gills are held in life so that

. RVIIT,

the foliaceous part is vertical (Pl XVITI, Fig. 11). a@ﬁ‘{‘

The following viscera are described from larya No. 1, the only
which has heen diszected as yet.

The fore-gut reaches to the middle of the third alidaominal segment,
the mid-gut to the anterior end of the seventh ominal segment
(Pl. XVII, Fig. 8). The distinct gizzard i 15 ﬁilﬁh cight" larger

and eight smaller longitudinal chitinous hearlng teeth (FL
s’f ’fr‘ 3.’(
XVIT, Fig. ©), whose formula may be written 3 (F 2,—)

(ef. Higgins, 1001, pages 1 ﬁ s L
The rectunt opencd 1t inally and spread flat has three wider

cellafar (glandular?) lgngftudinal areas, one of which is mid-dorsal,
the other two right-ventral and left-ventral respectively, separated by
natrower, non-cellular, longitudinal bands (Pl XVII, Fig. 10). T

nuclei of the eellular aveas can be seen in the unstained rectum, bu

become much more distinet after staining (alom earmine s em-
ployed). Fach of these three cellular areas is supplied_wi anch-
ing trachea which for the ventral areas is a derivati rect or in-

direct, of the lateral trachea of the same side of t ly (PL XVII,

\ w@@@ﬁ

w

| -

e i
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Fig. 7); the origin of t rsal rectal trachea was not. deter-
mined, The three non- cc@ ngitndinal bands of the rectum had,
whein the viscus was neil, the shiny, silvery appearance which
sugzests elulme ut no trachea: could be followed into these
liands. Th u:s lmmg of these bands was mich wrinkled into
shart fald

T, op of this larva (No, 1) confained fragments of a smaller
of the same species which belong undoubte ﬁ the small larva

at the same time;
& large part of the headq
d much of the right labial

rred to on page 407 as having been coll
these [ragments were identifiable as foll
most of the mentum with left labial :
lobe still attached, groups of tv more abdominal segments, and
two of the caudal gills. Th ¢ also contained a-mesquite larva 4.2
mm, long, comprising head, “therax and abdomen all in one piece;
and mest of the body of a eopepod measuring .3 mm. long, The size
of these fragmﬁls such as to excite wonder that they were not
maore min ]& ivided by the mouth-parts, unless indeed their size
is du nal Bolting' by the larva under the stimulation of eap-
ture. ind the gizzard the contents of the alimentary canal were
much smaller particles and if the food iragments in the crop were
not abnormally large, there iz here more evi of a subdividing
function in the gizzard than I was able to ﬁﬁ on another occa-

gion ([Calvert, 1899, p. 410).
The arrangement of the prmmpa.nﬁ m indicated in P1L XVIL

1

‘Figs. 7, 8. Tt does not di important features from that
shown in a large-scale a%hﬁhed} drawing which T made many
¥ears ago from a livimg lafva, 2 mm. long, of the Furopean Agrion
puello. The chl cx of two candal gills have also been figured
(PL XVII 13) from the preserved material.  Unfortunately,
no %l.ul‘ly Ftrlcr tracheoles was made from life, when alone they
can be d1 1|1cﬂ:;r traced.
ventral nerve cotd consists of suboesophageal, pro-, meso-,
metathoracic pairs of ganglia (these last three in their respective
sonites and wvery distinet fram each other), and seven pairs of ab-
dominal gangha as follows: rst in the middle of segment 1, the
secomdd tear the hind end o ¢ third at the articulation of 3 and
4, the fourth to the w-'%@ ¢ extreme anterior emds of 3, 6, 7

and B respectively.

Dew cfapmeum# Changes i the Larva.

of larvac Nos. 48, 49, 54, 3 and that (No. 101)
from the crop of No. 1 and the exuviae of 58 and

ooP"




T e
Larva No. 58
(for codn-
parison )

o]
bt ]
zevan-
eighths of 1
barcly
beyond 1o

long as 10

-
co‘f‘g'o\t |
e Gp&’

o, 58
315
of g
dle of g9
long a= 10
Hast

OQMIH-II as one half as

Exuvia of

-
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in ﬁ‘o In this table the forms ed have been arranged in or-
e der according to size fr smallest to the largest. The in-
crease in total len in body length is accompanied with

increases 1 ber of crenulations and of spines of the

i mentum the lengths of wing-pads and of female gonapo-

physés, except in larva No. 3. Miss Putler (1%) has found
oq:’:reasc in the number of distal mental tions to take

%;h' one-fourth

Ezxuvia of |
No. 61
15, 16
®:
©
{
i)
(e ‘ﬂl

\ place with increasing age in the larva es uncetus, while
a lack of constant correlation wnnreased size and in-
creased length of wing-pads noted by Balfour-Browne
(roon, p. 278) and Backh 1910, p. 634) for larvae of sev-

ge ol
abd. BeE. 2
b

L]
nd

Larva
Na. 3
-5
2uiry
e ix.
end of 5

Tightl,
5}-:5:1:] Ei

of | anl margin
of g hind end of of

g8

5.
-
w

seg. 1 |of ahd, seg. 1

hirds of| ant. ed,
jgeoin threefifths

BEE. 2
e b
one-third  one-half of 0 middle

Latva
N 49
1L5
2k}
3 abd,
g :
one-fifth
long &8 10

|two—ﬁ.ﬁhs of g h%ﬂ

oot visible |

hinid edge

Ha, 45
1
geof o hin
foliacenns
;mrr,i

one-hali
art terminal

| abd. seg.

Larea
HNo. 54
0.5
edze of
abd. seg, 1
ane=eighth
oig
three-fonrths hind ed
wfg
of 10
". arae
%

hind

2
—
L
S
g
a

eral species of European Agrionines.
the last two columns of the table is infer-

the amount of change which can take place
s after a moult.

' t General Features of the Lart
\v Tn spite of their unusual habitat, the & f M. modestus

‘IO“S show very few differences from th al Agrionine type of
e larva, the stalked caudal gills ater stages beinz one of
d these. Asg in most, perh I Zyzopterous larvae, the caudal

e“ - gills may be lost withdut erfering with growth, development

and transformai I, XVIII figs. 1-7, PL XTX fig. 8. Only
two feal e larvae seem to he distinct adaptations to

their en ent, viz,, the divided spines of the tarsi and dis-

*

Larva
Ho. 101
it
folinceons
TACTGWET

(gl wvil, £ e1))
.

tads of the tibiae, and the strongly-curved. sharply-pointed
u‘ al claws, both classes of structures being apparently of as-
sistance in moving up and dawn the steeply-inclined or verti-

>

" |terminai part|termi

-

Metastigmana cievessenanicssnnciag

pin:ﬁ istal
..g

medion pair. ...

fore pair: assiia..

o

Number of lateral g

valves (hind paird......

{

T

2]

b

=3

%

of distal margln of mentum. ...
Candal gills.....

articulation of lnteral lohes . ...

half of mentum ..

£E8, viz:

P Pt e

Points reached by § gonapophy-

Total length In mm. incl. caudal
Eody length in mm. excl, candal
Width of Jabinm in mm. at level of
Number of crenulatlons en one-hall

2
g
E
2
=

cal surfaces of the bromeliad feaves. So little has been done,
however, in comparin }Pﬁuter details of Odonate larvac
that it is not certair& ese features are peculiar to Mecisto-
gaster. Tt is also importarit to note that the larva shows nothing
Lk aRahe ophy of the abdomen which is so striking a char-

" 8 aae&;me imago. This great increase in abdominal length
it plished only at metamorphosis and is clearly brought

dst\by the figtires on Plates XVIII and XIX.
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TRANSFORMAT g@

As related on page g0y tﬁ &vae collected at  Juan

Viflas were brought to Car 1d placed in glass tumblers,
The opening of each tumblerwwas covered with a piece of n

ting. Tn the early of April, 1970, we noted that some of

these larvae showed signs of approaching metamor 50 we
took care that some leaves of the small bromel &ﬁl glass
touched the netting and thus afforded w@& whereby the
larva eould reach the latter and there a itself for transfor-
mation. é

On April 4 larva No. 5g 11;%? ;?mm itself and at 8.15 A.
M. the splitting of the ¢ ? the thorax began. By 830 A,
M. the thorax, hmdﬁ ings and first four abdominal -
ments were disengaged and hanging from the exy ich
was atlached 1o the under side of the netting, th#f the
imago being sustained entirely by the hind ¢ abdomen
which was still within the exuvia; ¢ s were about 10
mm. long. At 840 A. M. the ima agtﬁmpletely free from
the exuvia and clinging to the g& by its legs. In the mean-
tite we had set up our c In a convenient position in our
room; then pinned t ing cover with the exuvia and ex-
panding imago on it to the door of the wardrobe and obtain
the photographs which are reproduced as figure 8, Plate wa
and figures 1-8, Plate XIX. The imago made its first t at
1.53 P. M. Tt lived in captivity until April 1

Larva No. 55 transformed April 6 an the experience
obtained from No. 50, we were able é&re‘ photographs of
earlier stages in metamorphosis ( I, figs, 3-%). The
whole series of fipures on these Plates, together with their ex-
planation, may dispens \g further description here. As will
be seen from an exm&tmn of them, the great length of ab-
domen of the imago is a relatively sudden acquisitiorn and is not
foreshadowed Dy the size of the larva, This may be still mogﬂ‘
appreciated by compating our figures with those of thestrans-
formations of other Odonata as given, for exampl atter
(1904} and Ward (1910). The decrease i ess of the

abdomen between the stages represented in P1
7 is also noteworthy.
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%@J the usefulness of this long
shigrested,
ring between & 53 and 2 50 were un-

On page 410 a hypothesi
imaginal abdomen has
Efforts to secu

successiyl, ée

; SreciFlc IpEN1iTY oF THIs MECISTO
he Biviogia Centrali- Americana {Ca@

STER,
1007, p. 354)

. \m was doubtiul as to whether Costa Ri #‘e mples of M, mo-
destus should be referred to th gé renia Selys or not. In

¢ rac
describing iphigenia (fro @ and Panama) de Selys
wrote (1886, p. 22) ¢ “Talscule différence 3 noter en com-
parant ces exemplaires au type [de modestur] du Mexique,
c'esl que dons lesdewy seves, la raie humérale interne est
reduite 4 n ule basale trés courte,” and on the following
page heﬁ&, * 2 Le hout des quatre ailes blane laitenx.”

The nyaterial now before me is more extensive, so far as

April 28, 1910, and

t&sta Rica is concerned, than that available when the Biologia
%“\’ was written and consists of the following i 51

get’

e

|

cﬁﬁs

de

o?®

[

LCosta Rica, Juan Vifias (z & No. i‘
fthe

32 2 Nos g7, 39, and May 1; 2 by Bruner quoted in

warded by the ; f. Biclley and now in the Acad. Nat.
Sci., Phila,
Guatema.

Biol Cent. Amer.), Omsié@sz w 3r. Picado) and Tuis (1
pair in coitu and 19 ?c, 907, by Mr. C. H. Lankester, for-
@um‘la (3& 32) and Cubilquitz (19 ) cited in

B @mt. Amer.

ico, Presidio in Vera Cruz (24 22) and Atoyac (19)
ited in B, C. A, Cordoba (fragments of two individuals reared
by Mr. F. Knab).

The pair from Tuis a Fﬂiuan Vifias male of April 28
have fully colored tlgé and on comparing them with the
equally well colored examples from Fresidio and Atoyae, the
finternal h ray is no shorter in the former than in the lat-
*ter. ‘T n Vifias female by Bruner has this ray of the
e n‘\ﬁiﬁh_'as the other Costa Rican specimens,
chs stated in the Biolegia volume, page 57, one female from
Presidio has the tips of the wings milky, as described by de
Selys for iphigenia; this female has the pterostigma creamy-

w@%"“
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white. The other I’residio female &goyac female have

the pterostigma reddish and sht respectively, but the tips el 5
of the wings are not milky. e Costa Rican females now Pﬁ Il o“
before me have the vei he apices of the wings white Tn G dat

in nane of them is theimembrane of the wing as milky as in ﬂl:D .

first mentioned Presidio female which has the vein ge apex l i 6“ (4
brownish or blackish. My belief, as expressed i R 1ologia, & “‘09 de

p. 57, is that reddish and brownish pterosti “ this species : \

indicate grealer age than a white sti .6 one of the Costa :
Rican females before me have 1%W\vn pterostigmata, al- . “1\0

though two of the males hav dark brown. GP?‘

Judged by the length internal humeral ray there scems

1o be no reason for ating the Costa Rican specimens from : “
the Mexican, and as milkiness at the apex of the Wiﬁa the GF
fernales is evidently not a geographical character, er else i } 0

its significance may be, I refer all the Costa pecimens to

modestis, e (& ; \‘o : \'_0
ED. d 0“5“ : 0"
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el
Plate XV1I. | \mog

hmlﬁ or Prares XVII-XIX.
(AN three T for to Mecistogaster modestus Selys).

¢

e Prate XVIL
' arsus and distal end of tibia, larva No. 2. x 33.
2. A little more than the right half of distal targiu of mentum,
ﬂ suriace, larva Ne. 1. x 28 e
\ Fig. 3 Right antenna, larva No, 1. x &d
Tig, 4. A single trifil spine from éoximal tarsal joint of fig.
1, length J0F mm. x 370 Qe
Fig. 5 Lateral labial lo @z via of larva No. 40. x I4.
Fig. 6. Labium, larva N . x B
Fig. 7. Principal tracheae supplying the reclum, larva No. 1. The
outlines of the ilegm and rectum are shown by broken lines. The left

dorsal tr ) has been turned to the left out of its normal
positi ]
Fi, ome of the principal viscera of larva No. I. The outline

of thorax and first seven abdominal segments has been shown on the
to right side only, the dorsal body-wall heing su osed to have been
u\, entirely removed from these segments, but ﬁt hali retained and
spread out to the right in segments 8%\ dorsal trachea is in

normal position on the right (rdi n rned, over out of position

{idf), and the lateral trachea qé so expozed, on the lefr. The

dotted lines on the head s ¢ Gutlines of the compound eves. x 4%,

Fig. 9. ('Jn&fuurthﬁr gizzard atmature as seen when the viscus

e cad out flat, larva No. 1. x 45
Fig. 10, riace of the rectum, larva No. 1, cut lengthwise

Fig. 17 A candal gill of larva No. 101, x g
\"@K iz, 13. Caudal gills from larvae Nos, 48 or 40 and I, respec-

¥. X O
“Su All these figures drawn by camera lucida and compound microscope.
co Abbreviations i
ab, abductor muscle. P‘ megt, trachea to median caudal
i‘ ad, addnctor mus gill.
e ge’ br, brain (cerebral ja). mdrt, mid-dorsal rectal trachea.
o de, dorsal vessel. my, mid-gut.
AT . ! fe, fo mssp, mesostigma.
\\) AN . &7, abd. ganglia mt, Malpighian tubules.
lk\\\\ ﬁ, m. misp, melastigma,
e A ol g co gt, trachea to left caudal gill o0g, optic ganglion.
<! ?@ . 66 ji, left dorsal trachea. 7, rectum.
Y i1, leit lateral trachea. . regh, trachea to right caudal gill.
Bﬁ : jort, left ventral rectal trachea, | raf, right dorsal trachea.
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rit, right lateral trachea, Sth abd sems.

rort, nght ventral rectal trachea. ﬁespmhﬂ‘l? ;i
50, SUpericr appendagcs (l:tromﬂﬂ)

of imago. wing pads.
sh. 1, 5p. 2, 5. 8, sp]rasiw X, abdominal segments T 1o 10

Prare XVIIL
_ Figs. 1, 2. Tarva Na. 55 placed on the nctting out “&r for

qumpanm

Figs. 3-7. Larva No. 55, transforming hpnl ”5 gs 3-5 show
the tracheal linings being pulled out of the % oracic spiracles as
white lines.

Fig. & Larva No. 50, transformi 4, T0LO, g.os A. M. (For
continuation of this series sce aﬁ(l}{). 3

Fig. g. Ventral surface c&mmrphic exuvia No. 35

Fig. 10. Dorsal su of metamorphic exuvia No. 37, After
transformation the exuvial coverings of the gills as they d @
shriveled, In this case special care was taken to spread th oA
plece of paper that they might dry in approximate al shape
attached to the paper. i

Fig. 11. Larva No. 57 ]Jhoiug‘rzph:‘]ﬁli&éf&f. March 2, 1970

Pratg ;
Figs. 1-7. Larva No. 59, tr April 4, 1910, Between the
taking ol photographs ng netting was shifted to bring the
imago into side-view. \

Fig. 8 Metamorphic exuvia of No. so after transformation, Apﬂi

4, TO10, at 1046 A. M.; zo mm. long.
All figures on Plates XVITI ana mx from photographs by\iﬁw
8. Calvert.
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