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HIBERNATION AND AESTIVATION IN GASTROPOD MOLLUSCS.

By Sunper Lan Hora, D.Sc., Officiating Superintendent, and
H. Srinivasa Rao, M.A4., D.Sc., Assistant Superintendent;
Zoological Survey of India.

INTRODUCTION:
By SunpEr LaL Hora:

The fascinating problems of hibernation and aestivation in gastropod
molluscs, resorted to by these animals to tide over unfavourable climatic
conditions, seem to have received very little attention at the hands of
the earlier students of this group in India. A perusal of the literature
on the subject has shown that with the exception of a few casual remarks
no serious attempt has been made to study these phenomena in detail
as regards the snails inhabiting this country. The exigencies of the
service to which I belong necessitate extensive touring in various parts
of India at different times of the year, and during such travels I have
been able to look for snails and to devote some time to the study of their
habits both under natural conditions and in the laboratory. That my
work in this particular branch has met with success is shown by the
results that I have already published! and by the two notes that are
given below. Two aestivating species, viz., Succines crasstnucles
Pfeiffer and Macrochlamys glauca Benson were found by me at Nurpore
in the Kangra Valley : a few observations were made in the field about
their peculiar habits and, as all the specimens of the latter species that
I collected arrived in Calcutta in the same comatose condition as that
in which they were found, they were entrusted to Dr. H. Srinivasa Rao
for further study. I must express here my great indebtedness to Dr.
Rao for his valuable help in this matter. The second note deals with
the mode of hibernation of a species of Glessula from the Darjeeling
District and a few observations on other land molluscs.

To study this problem in detail it is essential that field observations
on the animals be made throughout the year and it thus becomes in
the main a problem for investigation by local scientists, though other
investigators, while on tour, should devote as much attention as is possible
to the animals as soon as they are obtained.

Most places in India are subject to two periods of rainfall alternating
with two periods of drought. From October to December there is a
cold and dry season, towards the end of December and in January we
usually get a few showers from the N. E. Monsoon, but from February
begins the hot and dry season which lasts till June when we get the
S. W. Monsoon : this continues with interruptions up to October. Twice
during the year the animals have to tide over conditions that are un-

1 Hora, Rec. Ind. Mus. XXVII, pp. 401-403 (1925) ; Journ. Bombay Nat. Hist. Soc.
XXXT, pp. 447-449 (1926).
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favourable, namely a condition either of dryness and cold or of heat
and drought, and this they do by withdrawing themselves into their
shells and by secreting an epiphragm, or by tightly closing the mouth
with the operculum in the case of certain operculate molluscs.

The two phenomena of hibernation and aestivation are outwardly
very similar in type but physiologically they must be quite different.
Any species that has acquired the one or the other of these habits, in
response to changing climatic conditions, must of necessity either be
limited in its range of distribution as regards elevation in the hill
regions, or must be so plastic as to be able to adapt itself to extremes of
climate.

Major Sewell has gone through the manuscript and has made valuable
suggestions : for all this my best thanks are due to him.

NOTE ON TWO SPECIES OF AESTIVATING (GASTROPOD MOLLUSCS FROM
THE KANGRA VALLEY.

By H. Srinivasa Rao.

While touring in the Kangra valley, Western Himalayas, in the
months of May and June 1926, Dr. Sunder Lal Hora observed instances
of aestivation in two species of molluscs belonging to the families
Succineidae and Zonitidae. He was able to study them in the field and
record his observations. The present note is based on his observations
and those of mine in the laboratory. I have here to thank him sincerely
for giving me the opportunity of examining the molluses and of making
use of his field notes.

One of the species is represented by a young individual of Succinea
crassinuclea Pfeiff r,! which is recorded from various places in N. India
including the Simla Hills and the Punjab Salt Range. The species was
hitherto known only from the shell. I have, in the specimen from Dr.
Hora’s collection, the soft parts also which are in a good state of preser-
vation. I therefore take this opportunity of adding a brief note on the
soft' parts before proceeding to describe its habits.

In external features the species does not differ very strikingly from
other species of Succinea. The jaw is quadratic in form with a saucer-
shaped cutting-piece. Its anterior and posterior margins are concave,
and the former has in its middle a mound-shaped projection. The arms
of the cutting-piece are short and have their extremities broadly conical.
The sides of the accessory basal plate are more or less straight, while
its posterior margin is cup-shaped in the centre. The jaw is fairly well
chitinised in the cutting-piece and on the sides of the basal plate. In
the shape of the jaw the species stands.distinct, though it is remarkable
that the cutting-piece approaches in certain respects those of Lithotis
tumada? and Lathotis rupicola,® two rupicolous species known to live and
hibernate in certain parts of the Western Ghats, Bombay Presidency.

1 Rao, Rec. Ind. Mus. XXVI, p. 387 (1924).
2 Id. Ibid. p. 393, fig. 6d.
3 Rao, Rec. Ind. Mus. XXVII, p. 390, fig. 3 (1925).
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This resemblance does not suggest, in my opinion, any natural affinity,
but only brings into prominence the fact that two structures functioning
similarly in two different species under the same conditions may tend
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TexT-F10. 1.—Jaw and radular teeth of Succinea crassinuclea.

The radular teeth in each transverse row of the radula are few in
number. The central has the form of a spear-head and has a sharp
leaf-like median cusp and two small basal cusps, one on each side. The
median cusp is of the same height as the basal plate. The differentiation
between the laterals and the marginals is apparently not yet established,
and the dental formula may be expressed as 14.1.14. The outermost
tooth in each half of a transverse row has, like the laterals, only two
cusps which, however, are narrower, the one nearer the central being
sickle-shaped. The radular teeth are characteristic of the species,
The central, however, differs little from that of S. crassinuclea f. vitrea.

The genitalia are not well developed, and I have been able to make
out only some of the distal parts of the genitalia which are here figured.
The spermatheca is roughly oval and lies at right angles to its duct.
The uterus is large and barrel-shaped. There is a slight constriction
between its distal end and the point where it is joined by the male duct.
The vas deferens is doubled back on itself and ends in a bulbous penis.

The specimen under question was picked up by Dr. Hora under a
stone on the hill side at Nurpore (Kangra District, Punjab) on the 21st
of May 1926. It was probably the driest month in the valley, and, as
was to be expected, the mollusc was in a torpid condition. It was found
attached to the stone by a sticky membrane. Dr. Hora observed
that when removed from its position and transferred to a glass tube,
it stuck to the sides of the tube by a sticky secretion which on drying
formed a delicate membrane completely closing the mouth of the shell.
The animal had retreated into the shell, and all mevements had ceased.
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Dr. Hora tried the effect of water by placing the aestivating mollusc
in a small quantity of it. In a few minutes the animal began to expand

TexT-FIG. 2.—Genitalia of Succinea crassinuclea. Hg., hermaphrodite gland ; Fd., oviduet ;
P., penis; Po., common genital opening; S., spermatheca; Sd., duct of
spermatheca ; Vd., vas deferens; U., uterus. The proximal part of the vas
deferens and the oviduct is incomplete.

itself, and breaking open its membranous epiphragm resumed its normal
activity. When removed from water and left in a dry place the animal
gradually curtailed its movements, withdrew into the shell and secreted
an epiphragm. This device of shutting itself up in the shell seems to
be common in other species of the family which live under similar con-
ditions. In a former paper on the molluscs of this family I have drawn
attention to the fact that the species fall into three natural groups accord-
ing to their habitat 1. The present species seems to come under the ter-
restrial group, the members of which live, in favourable seasons, exposed
either on plants or on wet rocks and feed on fresh vegetation. At the
approach of dry weather, when the rocks are dry and the plants do not
ajﬁord enough protection, these molluscs retire for a season from active
life by retreating into their shells, and by secreting an epiphragm protect
themselves effectively against desiccation due to the excessive heat of
the summer sun. The signal for their emergence is given by the first
heavy shower which renders their habitat fit for the next period of active
life. A curious instance of a Succineid from the Western Gthats hibernat-

1 Rao, Rec. Ind. Mus. XXVII, p. 386 (1925).
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ing on tree trunks during the monsoon rains has been recorded by Dr.
Hora, and the attention of the members of the Indian Science Congress
held in Bombay in 1926 was drawn to it.! It may be worth while to
draw attention here to the fact that the only other kind of Succineid
mollusc collected by Dr. Hora during his recent tour belongs to Succinea
indica Pfeiffer. This is an amphibious species and was obtained in
abundance from the under side of leaves of water-hyacinth plants, cover-
ing the surface of a big pond behind the Dak Bungalow at Pathankote.
The abundance of individuals of the amphibious species as compared
with those of the terrestrial form is noteworthy.

The second species of aestivating mollusc with which the present
note deals is Macrocklamys glauca Benson of the family Zonitidae. This
is also strictly terrestrial in habit and, like most terrestrial Succineids,
seeks protection from desiccation during the dry weather by retreating
within the shell and closing the aperture by an epiphragm secreted for
the purpose by the animal itself. The epiphragm is, however, in this
species of a thick shell-like substance unlike the membranous structure
of other hibernating molluscs. Dr. Hora has made the following obser-
vations in the field book : “ When the shell is placed in water the epi-
phragm is lifted up like an operculum after a long time (2 or 3 hours)
and the animal by its movements begins to shake it off. It seems that
forming the margin of the operculum and coming in contact with the shell
there is a thin area which becomes very soft and dissolves in contact
with water, setting free the epiphragm.”

Tex1-¥16. 3.—Shell of Macrochlamys glauca showing epiphragm in situ in an aestivating
individual,

The phenomena of hibernation and aestivation in land molluses do
not seem to have received as much attention as they deserve in the many
species possessing these habits. This is not surprising in view of the fact
that the earlier students of the mollusca, at any rate those who lived and
worked in India before the time of Stoliczka, Blanford, and Godwin-
Austen, were merely conchologists, and did not sufficiently realise the
importance of sttdying the anatomy and the habits of the animals in-
habiting the shells. It is, however, interesting to note that as early
as 1848 H. E. Strickland observed and recorded the hibernating habits

}-Hora, Ibid. pp. 401-403 (1925).
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of Nanina wvitrinoides (Deshayes), which seems to be a Macrochlamys,!
from Ajmere. ‘ Like many of the Helicidae of hot climates,” he
observed ‘ especially those which are exposed to long intervals of
drought, the Nanina wvitrinot ‘es secretes a calcareous poma or deciduous
operculum every time that it retires into a state of torpor. The speci-
mens in question had formed two or three successive pomata, one within
the other, during the process of their desiccation. In hopes of restoring
their anima ion, I placed them upon some wet moss in a warm room.
Two of them proved to be past recovery, but the animal of the third
was seen through the transparent shell to be gradually enlarging in bulk
by the absorption of moisture, and at the end of a week it finally reached
the door of its dwelling, threw off the poma and began to crawl.”” His
observations go to show that the condition necessary for its revival
from the torpid state was only moisture, and that so long as it was kept
in a moist condition and was supplied with food, there would be no neces-
sity for aestivation to intervene.

TEXT-FIG. 4.— Macrochlamys glauca in an active state. f. foot; m., superior mantle lobes;
ml, inferior mantle lobes; pg., anal process; po., pulmonary aperture; ¢.
tentacle ; s., shell.

The snails of Macrochlamys glauce which Dr. Hora brought back
from the Kangra valley had their epiphragm intact. A few of these were
placed in a dish of water for an hour, at the end of which time all the
animals one after another threw off their epiphragm and began to crawl
about. Another snail was kept in a tube plugged lightly with cotton
wool and the tube half immersed in a bottle of cold water for several
hours, but no activity was observed in the animal, and the epiphragm
remained in its place. The same snail was then dropped in a dish of cold
water and allowed to remain there for a few minutes. It pushed the epi-
phragm from inside and came out of the shell. This suggests that actual
contact with moisture helps the animal to throw off its epiphragm,
and that a cool atmosphere alone is not enough to arouse it from its
seasonal slumber. But snails thus stimulated did not appear to be
capable of continued activity, nor were they inclined to feed on suc-
culent leaves of plants that were supplied to them, for after a few hours
of timid crawling they withdrew again into their shells and formed a fresh

1} Godwin-Austen, Land and Freshwater Moll. Ind, Part 111, pp. 80-82 (1883).
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epiphragm, which was, however, not so thick as the one formed at the
commencement of their natural season of aestivation. It was whitish
in colour, thin and membranous, and had the same structure as that of
the thicker epiphragm, but without the characteristic reddish brown
colour of the inner surface of the latter. The same snails were revived
again by contact with water, and they remained active for over six hours,
after the lapse of which time they again withdrew into the shell closing
the aperture of the shell with a still thinner epiphragm. When the pro-
cess was repeated a third time, a few snails secreted only a portion of
the epiphragm, and still fewer retreated as far back into the shell as pos-
sible with only traces of a very thin epiphragm at the mouth of the shell.
The secretion of an epiphragm is apparently a process of exhaustion for
the animal, and seems to decrease progressively when they are alter-
nately allowed to desiccate and revive at short intervals.

One of the starved snails was revived by contact with water, and given
bits of raw plantain on which it fed. This kept the animal active for
about 30 hours, during which it crawled all over the glass tube in which
it was kept, with the tentacles, eye-stalks, and mantle lobes well-expanded.
Shortly after feeding the snail passed out tiny masses of coiled up thread-
like” faecal matter, and thereafter showed no inclination to feed again.
After the lapse of thirty hours the snail withdrew into the shell closing
the mouth of the latter by a freshly-secreted epiphragm which was compa-
ratively thick. After about six hours the animal (on its own initiative and
without the stimulus of added water) threw off its epiphragm and com-
menced crawling, apparently in search of food, which had been removed
from the tube. A short while after, the. snail retreated into its shell
secreting a thin epiphragm. This process was repeated thrice and on
the fourth occasion it did not secrete an epiphragm, even of the thinnest
kind. Nevertheless the heart ‘was beating, the process of respiration
continued in a regular manner, and the surface of the mantle lobes was
constantly dimpled by waves of muscular contraction.

TEXT-FIG. 5.—Portion of epiphragm of Macrochlamys glauca (X 250).

The epiphragm that is formed at the commencement of the aesti-
vating period fits exactly into the mouth of the shell, is convex on the
outer surface, somewhat rough in appearance, and has a white deposit.
The inner surface is concave, very minutely granular and somewhat
reddish in colour. When viewed by transmitted light the epiphragm
presents a cellular appearance,
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The process of formation of the epiphragm seems to be as follows,
at any rate, under artificial conditions: The animal gradually with-
draws itself into the shell, the anterior part being the first to be drawn
in. Later on the whole of the foot is withdrawn and the mouth of the
shell is completely closed by the lobes of the mantle. The surface of
these lobes is always moist and has a pitted appearance, the result of a
continual wave of depressions or pits being formed on them from one end
to the other. A sticky mucous-like substance is secreted by the activity
of the mantle lobes which on drying becomes a thin diaphanous membrane
stretching across the mouth of the shell. By further secretion the thin
epiphragm becomes thick, opaque, reddish on the inside and white out-
side. During the process of secreting the epiphragm the animal breathes
regularly, as is evidenced by the rhythmical opening and closing of the
pulmonary aperture. The heart can also be seen through the shell to
be pulsating regularly. When a complete epiphragm has been formed,
the heart gradually ceases its pulsation and the pulmonary aperture
is completely closed.

The difference in colour between the outer and inner surfaces of the
epiphragm is apparently due to the action of the atmosphere on the
sticky substance, the outer surface being exposed becomes white, the
inner, being excluded from further contact with air and augmented by
the deposition of fresh layers of the sticky substance, retains its reddish
colour.

ON THE HABITS OF A HIBERNATING SPECIES oF (ASTROPOD MOLLUSC
¥ROM PASHOK (EASTERN HIMALAYAS), WITH REMARKS ON CERTAIN
OTHER SPECIES,

By Sunper Lar Hora.

In this note I have to record my observations on the habits of Glessula
(Rishetia) hastula Benson, several specimens of which were collected in
loose earth at the base of big trees in the jungle at the sides of the main
road at Pashok (alt. 2,600 ft.).in the Darjeeling District. I was at
Pashok from the 16th to the 21st of December 1926, and most of the ob-
servations recorded here were made during that period.

Babu D. N. Bagchi, the artist, who accompanied me on tour, collect-
ed an individual of G. hastula in a state of torpor on the 16th from under~
neath a big stone at the side of the P.W.D. Bungalow hill in a more
or less shady place. On account of ill health I was keeping in bed on that
day and after noticing the peculiar condition of the animal left it in a
tube under my pillow. A couple of hours afterwards (about 3 P.m.)
it was found that the animal had become active and was crawling about
the sides of the tube with the tentacles fully expanded. About an
hour afterwards it shut itself up again and did not come out though it
was kept immersed in water for a considerable time. The behaviour
of the animal showed that the warmth of the day, and especially its
position underneath my pillow, had stimulated it to activity and that
the fall of temperature in the evening had induced it to retire into its
shell again in a state of torpor,
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I was very busy with other matters for the next two days, but on
the 19th, while going to Ghum, I left instructions with my servant to
look for these molluscs at the base of big trees in loose earth. On my
return late in the evening I was delighted to find a big collection of them
waiting for me. All of these were in a comatose condition and were re-
posing inside their respective shells after having formed a series of epi-
phragms to save themselves from desiccation. The whole of the next
day was devoted to their study. A number of them were kept in water,
some were put in a tube and placed under a pillow, while the remainder
were allowed to lie on a table in the open air. By 11 A.M. it was found
that some of those that were left in the open air had become quite active
und were crawling about on the table, while the rest were breaking the
series of epiphragms in order to become free again. By about 2 p.m.
all the individuals of this lot had become active. In the case of the
other two lots the animals took a comparatively much longer time to re-
gain appreciable activity. This I account for by the fact that the air
in the room was much warmer (being heated by the rays of the sun
throughout the day) than either the water in which the individuals
were placed or the conditions afforded by the cover to those placed under
the pillow. In the evening the animals withdrew again into their
shells and were then preserved for laboratory study.

On the last day at Pashok about half a dozen individuals were col-
lected by me on the way and were brought alive to Calcutta. For a
couple of days I was very busy and could not attend to them, but on the
third day I found them exactly in the same comatose condition in which
they were collected at Pashok. The maximum temperature in the shade
in Calcutta during this period did not rise above 79°F. A couple of
individuals were placed in direct sunlight, two others were immersed
in water and then taken out and kept in a moist tube in the shade, while
the remaining two were left in a dry tube. Only those that were in the
moist tube became active, while those in the other two lots remained in a
torpid condition. This observation shows to a certain extent that direct
sunlight does not of itself stimulate the activities of these animals and,
secondly, that warmth in moderation along with a high degree of humi-
dity suits them very well. There are two points of special interest that
can only be investigated on the spot?, (i) the range of this species in cor-
relation with the altitudes at which it is found in the Eastern Himalayas
and, (ii) the habits of the animal under various climatic conditions
throughout the year. Glessula hastula was described by Benson from
specimens collected by W. T. Blanford at Punkabari (alt. 1,800ft.),
below Kurseong, Darjeeling District. Godwin-Austen®? is of opinion
that this species is endemic in the Eastern Himalayas and that its occur-
rence in other widely separated places is erroneously recorded.

'As has been pointed out already, the animal secretes a series of epi-
phragms at the time of hibernation. As many as 5 to 6 of these thin
membranes were found stretched -across the lumen of the shell situated
at varying distances from the mouth but chiefly inside the last

1 Mr. R. S. Lister of the Pashok Tea Co. has very kindly promised to carry on work
on the mode of life of this interesting snail. )
2 Godwin-Austen, Land and Freshwater Mollusca of India, IT1, pt. I, p. 16 (1920),
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whorl. An epiphragm at the mouth of the shell was found in only 7 out
of 41 individuals examined and even in them the outermost cover was

.\.d .
¢

Text-F16. 6.—Animal of Qlessula hastula showing a series of four epiphragms secreted
during its period of hibernation. (The outline of the shell is shown by a dotted line).

cracked in places. It seems probable that either the epiphragm at
the mouth is liable to injury or that the animal as a rule secretes its outer-
most membrane somewhat interior to the mouth. Each epiphragm is
thin and translucent and is chiefly calcareous in composition as can be
readily tested by the action of any dilute acid on it. The texture is
cellular except at its margins and at the margins of the aperture that is

TEXT-FIG. 7.—A portion of the epiphragm of Qlessula kastula showing the texture from
its margin inward. The opening is also shown.

situated in its narrow portion, where the calcareous matter forms a regu-
lar rim. This rounded or oval aperture is situated at the top of a small
pyramid and its margins are greatly thickened. In position it corre-
sponds to the pulmonary opening of the animal, and corresponding to
the line of union of the two mantle folds thereis a thickened ridge on
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the epiphragm running from the aperture towards its broader end.
The presence of such an aperture in the epiphragm in this particular
position is of the greatest use to the animal and, so far as I am aware,
s a rare occurrence among hibernating gastropod molluscs. As the
animal secretes a series of epiphragms, not a single one as is common
in other species, so it must make provision for respiration as it gradually
recedes inside the shell and the aperture is probably a very efficient
device to serve this purpose.

The process of formation of the epiphragm is similar to that described
by Dr. Rao for Macrochlamys glauca Benson. The two mantle lobes
cover the entire animal when it withdraws itself inside the shell. The

a. b.

Texr-Fi6. 8.—The epiphragm and the hibernating animal of Glessula hastula.

@) An epiphragm at the mouth of the shell. (b) Comatose-animal after
(@) I'OIIII)OI\)T&]. ogf epiphragms and the 1st whorl. The black trian; area
represents the position of the foot.

foot is seen through the mantle as a small triangular patch, black in
colour. By the rhythmical opening and closing of the pulmonary
aperture the line of union of the two mantle lobes becomes apparent.
The mantle is covered with numerous white dots which are probably the
glands that secrete the calcareous epiphragm.

It has been observed in M. glauce that the margins of the epiphragm
become soft in contact with water and thus the entire structure is set
free from the shell and is carried by the animal for a short time as a false
operculum. In Glessula hastula exactly the same thing happens. An
individual with the outermost epiphragm at the mouth of the shell was
placed in cold water. After a short time the entire gplphragm was
observed floating on the surface of the water. The animals were ob-
served to moisten the membrane from the inside and then push it out.
In this process the entire membrane was usually lifted up, though in
some cases it got broken at the extreme corners where probably the
fluid had not been sufficiently applied. Several specimens were found
crawling about with the entire outermost epiphragm st'nckmg to the sides
of their feet. It may be remembered in this connection that the struc-
ture of the epiphragm near the margin is somewhat different from
that of the rest of the plate,
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The method of progression of the animal is also worth recording.
A series of about four folds are seen on the foot passing from behind
forwards. These divide the foot into five parts and each of these pre-
sents a corrugated appearance. These folds are not visible on the foot
when the animal is stationary. The animal crawls about in jerks as
can be readily seen from the movement of the shell. At the conclusion
of each peristaltic motion the animal advanced a little.

LD

TEXT-FIG. 9.—The crawling animal of ‘Glessula kastula showing definite wrinkles on the foot.
" a. Side view. b. Under surface.

Dr. H. Srinivasiy Rao has very kindly drawn my attention to a state-
ment made by Annandale and himself! regarding Zootecus insularis
(Ebhrenberg) in their account of the Molluscs of the Salt Range, Punjab,
collected by me in July 1922. They say, “In one specimen the epi-
phragm remained complete. It had the form of a thin calcareous plate
occupying the extreme outer part of the mouth and somewhat convex
externally. Towards the upper extremity there was an elongate
transverse hole. Further into the shell there were at least two similar
plates separated by short intervals, both with similar holes. The soft
parts had completely disappeared but we extracted an embroyonic
shell. Possibly the hole had been made by some enemy which hadde-
voured the snail.” This statement is of great interest and has led me
to investigate in detail the conditions present in Zootecus insularis.
From a large number of specimens collected at various places in the
Salt Range, Punjab, I have been able to find about a dozen examples
in which the epiphragm was still intact and in these I have noticed a
series of three epiphragms either situated very close together or at short
intervals. The outermost epiphragm is thicker than the inner two,
which decrease in thickness as they recede from the mouth. In a com-

! Annandale and Rao, Rec. Ind, Mus, XXV, pp, 394, 395 (1923).
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plete epiphragm there is a small hole towards the upper extremity, situa-
ted at the end of an elevated and tunnel-like portion of the epiphragm.
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TexT-r16. . 10.—Epiphragm secreted by the aestivating animal of Zootecus insularis
(Ehrenberg).

a. An epiphragm in sity X 10.  b. An epiphragm showing its general form X 18.

The hole is of a variable size and probably, in the specimen examined by
Annandale and Rao, the elevated portion in the series of epiphragms
had been damaged by some enemy for the purpose they suggest and
thus an “ elongate transverse hole ” was left in each epiphragm.

The structure of the epiphragm is similar to that described for
Glessula hastula. I could take off complete epiphragms by shaking a
dead shell in a glass tube. This shows that there is a special area at
the margin of the epiphragm coming in contact with the shell that is
of a different consistency.

I would also like to clear up an ambiguity that occurs in Strickland’s
statement about “ Nanina wvitrinoides (Deshayes)” quoted by Dr. Rao
in the preceding paper. He mentions a succession of two or thres
‘ pomata’ formed one within the other during a process of desiccation.
I presume that he does not mean the formation of two or three complete
epiphragms, one within the other as is usual in Glessula hastula and
Zootecus insularis, for in  Nanina vitrinoides ” no hole is left in the
epiphragm for purposes of respiration. He may either mean that on the
removal of one epiphragm the animal is capable of secreting another
further into the shell or, as sometimes happens, that the animal starts
to form an epiphragm but before this is entirely completed a portion of
it dries and curls up and then the animal starts afresh. There may thus
be a succession of 2 or 3 epiphragms in one individual.

I have noticed such a series of epiphragms in certain specimens of
Macrochlamys glauca Benson, kept under observation in our laboratory
in Calcutta.

I may also point out here that a large number of specimens of Buli-
minus (Subzebrinus) dextrosinister Annandale and Rao, collected by
me in the Salt Range, were found attached to tree trunks in an apparently
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comatose condition, but at that time I did not notice their method of
aestivation in detail. Dr. Rao informs me that he has seen on several
occasions specimens of Ariophanta in South India attached to Cactus
plants in the dry season in a state of aestivation. These instances
are mentioned here in order to elicit further information about them.



DESCRIPTIONS OF TWENTY NEW INDIAN DRAGONFLIES.
By Lt.-Col. F. C. Fraser, I.M.S.

During the past three years several large collections of dragonflies
have been sent to me for identification, among which npearly forty new
species have been found.

A number of these have been described in various Journals and
Memoirs by myself, but owing to pressure of work in other directions
I have been unable so far to deal with the rest. It had been my intention
to include these in a paper dealing with the Odonata of Northern India
and Upper Burma, which was to form a companion to that dealing with
the dragonfly fauna of Western India, published in these Records (Vol.
XXVI, 1924), but owing to the time needed to digest the enormous
volume of notes collected during the past ten years, and in order not
to delay further the publishing of these new species, I have thought
it better to include the latter in a separate paper.

The most important collections,- which have furnished material for
this paper, were made by Mr. T. Bainbrigge Fletcher in Assam, by
Mr. Chas. Inglis in Sikkim and Bengal, by Mr. H. V. O0’Donel in the
Duars, Bengal, and lastly by Col. F. Wall, I.M.S., in Upper Burma and
Ceylon.

Several interesting facts are illustrated in these collections, among
which are the discovery of a new Dysphuea, the first of its genus to be
reported from Burma, and the second from the Indian Empire; a new
Philogaiga, the first to be reported from Burma, and the third species
to be reported belonging to this most interesting and archaic genus.
A new Macromia is reported from Ceylon, and is noteworthy as being
the first member of the subfamily Corduliinae to be found in that island.
There is a new Onychogomphus from Upper Burma, whose colouring is
totally at variance with all other known members of the genus, whilst
a new (fynacantha is as brightly coloured as any Aeschna, a circumstance
which is explained by its being a diurnal flyer, a hitherto unknown habit
of any species of the genus. A subspecies of Agrionoptera insignis has
been taken in the Duars, Bengal, this being the most westerly point of
distribution so far reported ; another species of Hylacothemss has been
discovered in North India, a rather unexpected find; a Macromidia
from Upper Burma, which I had mistaken for rapida Mart., from Tonkin,
after comparison with the type in the Paris Museum, turns out to
be a distinct new species, the second of its genus to be found in India,
and the first from Burma. Happily it combines the characters of donald:
from Western India, with those of rapida and fulvia from Tonkin and
Borneo respectively. The four known species, although separated by
enormous gaps, are thus seen to be closely linked. Another new sub-
family has been added to the genus Aeschna by the.discovery of Peta-
luaeschna from Assam, characterized by the extreme petiolation of the
hind wings. The male of Allogaster latifrons has at last been discovered

[ 6 ]
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after nearly half a century from the discovery of the female, and, by a
curious coincidence, another species belonging to the same genus has
been taken in the same locality. Both are described here.

I take this opportunity of thanking the various collectors mentioned
above, who have so generously supplied me with the material upon
which this paper is based. Types of all new species will be lodged in
the British Museum.

The following new species are described below :—

Sub-order ANISOPTERA.

Subfamily Libellulinae.
Agrionoptera insignis dorothea.
Hylaeothemas gardeneri.

Subfamily Corduliinae.
Macromidia shanensis.
Macromia aculeata.
Macromia zeylanica.

Family Aeschnidae.
Aeschna quadrilateralis.
Periaeschna nocturnalrs.
Petaliaeschna fletchers.
Gynacantha biharica.
Gynacantha albistyla.

Subfamily Cordulegasterinae.
Allogaster hermionce.
(Allogaster latifrons Selys.)

Family Gomphidae.
Onychogomphus pulcherrima.

Sub-order ZYGOPTERA.

Family Agrionidae.
Philoganga loringae.
Amnisopleura subplatystyla.
Dysphaea walls.

Family Epallagidae.
Rhinocypha mlaryae.
Rhanocypha perforata beatifica.

Family Coenagrionidae.
Ischnura mildredae.
Copera superplatypes.
Caconeura dorsalis auricolor.

The text-figures are all original and, with the exception of the two
wing-figures, have been drawn from camera lucida studies.
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Agrionoptera insignis dorothea, subsp. nov.

Male.—Abdomen 24-25 mm. Hindwing 25 mm.

Head.—Labium bright chrome yellow, the midlobe and contiguous
borders of lateral lobes black ; labrum bright citron yellow, its anterior
border narrowly black ; ante- and post-clypeus and lower border of
frons, as well as a broader area at the sides, pale creamy yellow ; frons
above this area and on upper surface brilliant metallic blue, vesicle
similarly coloured ; eyes brown ; occiput glossy black.

Prothorax black, unmarked.

Thorax black variegated with greenish yellow as follows :—a narrow
stripe on each side of the middorsal carina, a small upper humeral spot
and a large quadrate lower one, a small spot on the centre of humeral
suture, a large spoon-shaped spot lying between the two lateral sutures,
with two small spots above just under the base of forewing, a large
elongate spot bordering the front of the second lateral suture, and lastly,
the greater part of the metepimeron.

Legs black, an’erior pair of femora with a streak of yellow on inner
aspect.

Wings hyaline, uniformly enfumed in old specimens : nodal index :—

10—14 13—1u 10—11 | 12—11 : : .
inil T 1ml m—p TIterostigma blackish brown, over 2-3 cells;

trigones and hypertrigones entire, subtrigone of forewing traversed once,
loop of only 6 to 7 cells, very short and obtuse ; only 1 cubital nervure
in all wings ; Rspl and Mspl absent ; 2 rows of discoidal cells in forewing
to level of node or beyond.

Abdomen blood-red, or in tenerals,.bright ochreous. Marked with
black narrowly along the borders of each segment, and more broadly
at the apical ends, where the black forms complete rings on each.

Segment 1 dull ochreous green clouded with brown laterally. Seg-
ments 8 to 10 entirely black.

Anal appendages black, superiors subcylindrical, arched as seen in
profile, with the apex tapering to a fine point and curled evenly upward ;
inferior triangular, its apex curling gently up.

Genitalia not differing markedly from insignis insignis, the hamular
hooks rather more curled, the lobe constricted at its base, longer and
bulbous at its apex.

Female.—Abdomen 27 mm. Hindwing 28 mm.

Differs in a few respects from the male. The wings are rather more
deeply enfumed ; the yellow of the labrum brighter and split into two
spots by a broad median black fascia ; the lateral markings of the thorax
broader, the spoon-shaped mark on the sides being confluent with the
upper anterior spot, and the elongste spot bordering the last suture
broken into two spots; the ground colour of the abdomen ochreous ;
the 8th segment dilated laterally to form prominent wing-like borders ;
the anal appendages short and conical ; the markings on segments 2 and
3 brighter and broken up by a broad subdorsal lateral black stripe.

Drstribution.—Hasimara, Duars, Bengal and Gopaldhara, Darjeeling
dist., 4 males and 1 female from the former place, and 1 female from the
latter, the former lot from the Duars collected by Mr. H. V. O’Donael, the
latter by Mr. H. Stevens.

B
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Mr. Stevens’ specimen was badly broken-up and its colours faded,
but a comparison with the Duars female proves th:m to be conspecific.
This constitutes the most westerly record of the genus as well as the
most northerly. The species may be distinguished from insignis insignis
by its smaller size, lower nodal index, the thoracic markings, and lastly
by slight differences in the genitalia. It has been named after Mrs, H.
Y. O’Donel.

Hylaeothemis gardeneri, sp. nov.

Male.—Abdomen 25 mm. Hindwing 29 mm.

Head.—Labium bright citron yellow, mid-lobe with a median black
stripe ; labrum yellow with a broad median and a narrow blackish
brown border; rest of face bright citron yellow; frons and vesicle
metallic blue ; occiput black, very minute.

Pthorax black marked with yellow, the posterior lobe moderately
large, bordered with yellow.

Thorax black marked with greenish-yellow as follows :—a fine yellow
line on either side of the middorsal carina, no antehumeral stripe, a
humeral stripe narrow above, broadening irregularly below.

The greater part of the sides greenish-yellow, the second lateral
suture heavily mapped out in black; this stripe splitting below to enclose
the root of the hind leg. Coxae yellow behind, black anteriorly ; legs
black, posterior femora with a row of closely-set, short robust spines,
gradually increasing in length as traced towards the end of femur;
mid femora with a row of closely-set, short spines on the proximal half
only, and four much longer and gradually lengthening spines, very
widely spaced on the distal half.

Wings hyaline, pterostigma black, squared inwardly, oblique out-
wardly, unbraced, over 2} cells; (neuration irregular in the right hind-
wing of type, where the trigone is entirely deformed and a nervure is

present in the median space; the antenodals also in this wing do not

. . 9 16 | 149, SR
coincide), nodal index ;— | z—=; 2 rows of postanal cells in hindwing,

only 1 in the fore; 1 cubital nervure in forewing, 3 in the hind ; trigone
in the normal hindwing traversed once ; loop with 3 cells in both hind-
wings ; 1 row of discoidal cells in forewing nearly as far as termen.

Abdomen black marked with bright yellow as follows :—segment 1
with a large spot on either side, extending to ventral border and from
end to end, also a dorsal apical triangular spot, segment 2 with a median
dorsal subapical spot and a broad L-shaped spot on each side, segments
3 to 7 with lateral stripe split into a basal part, by the black jugal suture,
and a median longer. On segment 3 the basal part confluent with a
ventral stripe, on 4 the basal spot oval, on 5 and 6 the basal part repre-
sented by a small round spot, which is quite absent on segment?7; 8 to
10 unmarked.

Anal appendages black, inferior appendage equal in length to superiors,
the latter pointed and with a blunt spine beneath the apex, on which
are developed several smaller minute spines.

Genitalia.—Lamina projecting cowl-like ; hamules very conspicuous
in profile, robust, outer ones foliate, inner small, strongly recurved
hooks, lobe narrow pointed, very prolonged.
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Dustribution.—Kampison, Himalayas, 9th April 1924. A single male
coll. by 8. Chatterjee. Type in Museum of Forest Research Institute,
Dehra Dun, N. India. Differs in markings and in genitalia from fruh-
storferi and clementia. Venational details also differ in several respects.

More closely related to clementia but differs by the yellow labrum,
shape of genitalia. etc.

Macromidia shanensis, sp. nov.

Male.—Abdomen 38 mm. Hindwing 32 mm.

Head.—Labium whitish yellow ; labrum dark brown ; anteclypeus
pale yellow ; postclypeus, face, frons and vesicle brilliant metallic dark
green ; occiput dark brown ; eyes emerald green.

Prothorax palest brown on dorsum, yellow at the sides.

Thorax brilliant metallic green marked with citron yellow :—an
antehumeral stripe extending about halfway up the dorsum of thorax,
a narrow medial lateral stripe, a small isolated spot above and a narrow
hinder stripe on the metepimeron.

Legs black, coxae of anterior pair yellow. All tibiae keeled.

Wings hyaline ; discoidal field in forewing of a single row of cells
for a distance of 8 cells, or to level of inner end of bridge; 2 cubital
nervures in forewings, 4 in the hind ; hypertrigones traversed twice in
forewings, once in the hind; nodal index — 1 ; pterostigma
black, rather short, over 2} cells. Membrane brown.

Abdomen black, segment 1 metallic green with a narrow lateral
apical yellow border, segment 2 with the small oreillet, a spot behind it,
and a sharply defined linear spot on the middorsal carina extending
basad as far as the jugum, bright citron yellow, segment 3 with a lineat
middorsal stripe tapering away apicad, all other segments unmarked,
except 6 which has an oblong middorsal spot of yellow.

Anal appendages black, shaped similarly to those of rapida.

Female.—Abdomen 36 mm. Hindwing 34 mm.

Exactly similar to the male. The yellow lateral spots on segment 2
forming a continuous broad stripe, which is continued on to segment
3 as far as the jugal suture. The spot on segment 6 rather larger, shaped
like a long necked flask, with the tapered end pointed basad.

Anal appendages small, black. Vulvar scale projecting, deeply bifid
into two spine-like processes, half the length of segment 9,

Wings tinted with saffron at the bases, especially in the cubital and
subcostal spaces, as far out as the arc; 12-13 cells in the loop ; discoidal
field in forewings irregularly of one or two rows of cells, or of two rows
with an occasional single cell intetcalated ; nodal index :— ;72 | 1610

=10 | To—11
pterostigma similar to male. .

Distribution.—Maymyo, Upper Burma, 2 females and a single male
collected by Col. F. Wall, I.M.S., 31st May 1925, Tth June 1925.

The species is important as it links up rapide with donaldi in its
venation. It is distinguished from the former by the colour of its appen-
dages and by the very restricted markings of abdomen, etc.; from
the latter by its much larger size and differently shaped anal appendages.

B2
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The large "identification mark on segment 6 is strikingly similar to
that found in donaldi. Type in the Fraser collection.

Macromia aculeata, sp. nov.

Male.—Abdomen 48 mm. Hindwing 36 mm.

Head.—Labium brownish yellow ; labrum and face brown with
some ill-defined yellow markings,—a small oval spot at the base of each
side of the labrum, a small spot at the middle of anteclypeus and a
larger well-defined spot shaped like a broad-brimmed hat at the centre of
postclypeus ; frons brown in front, obscurely yellow above, where it
is deeply notched ; vesicle and frontal eminences slightly blue metallic ;
occiput black. Eyes blue.

Prothorax brown. Thorax brown in front marked by a yellow
ante-humeral stripe, which is well defined below, but gradually fades
away above ; laterally blue metallic with a bright citron yellow stripe
at its centre and another on hinder border of metepimeron.

Wings hyaline, pterostigma black, over 1 to 2 cells ; nodal index :—

g:—iﬁ | %’S ; 4 cubital nervures in forewing, 3 in the hind ; hypertrigones
traversed twice in forewings, once in the hind. Membrane white.

Abdomen black marked with bright citron yellow as follows :—
the basal half of segment 2 and the tip of lobe, broad median rings on
segments 3 to 6, the basal half of 7 and rather more than the basal third
of segment 8, remainder unmarked. Segment 10 with a prominent
acute dorsal spine.

Anal appendages black, superiors slightly shorter than the inferior,
stout, curved slightly in at apex which is blunt and very slightly upturned.
On the outer side, well beyond the middle of appendage, a short very
robust spine. Inferior triangular, curled very slightly up, its apex
more so, and split into two minute points. (The spine on segment 10,
in type, bears three small spines at its apex, but this may be abnormal.)

Genitalia.—Lamina very depressed, notched, coated with short stiff
golden hairs, hamules very long, slightly tapered, ending in a well curved
hook which overhangs the lobe, (very similar in shape to that of dellicosa),
lobe prolonged, narrow, projecting perpendicularly to long axis of abdo-
men, its hinder border bevelled, coated with short stiff golden hairs.

Distribution.—Maymyo, Upper Burma, a single male collected by
Col. F. Wall, I.M.8., 25th May 1925, in my own collection. It belongs
to group cingulata, but is distinguished from all other species by its
genitalia.

In my group characters, given for the genus in Records of the Indian
Museum, Vol. XXV, p. 452, instead of * well-defined stripe,” I should
have said, * well isolated stripe,” for in cingulata itself, there is a well-
defined stripe, but it is confluent with the other yellow markings of the
face. In all other members of the group the stripe is absent or poorly
defined.

In addition to this male taken by Col. Wall, there are two females
taken in the same locality on 3rd-25th May 1925, but their markings
show them to belong to group calliope. Here follows their description.

Macromia sp. Female (male unknown).
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Abdomen 43 mm. Hindwing 39 mm.

Head.—Labium with midlobe citron yellow, its centre narrowly
brown, lateral lobes brown, citron yellow basad; labium black with
an elongate oval citron yellow spot at base ; rest of face and frons glossy
black with a broad transverse citron yellow stripe across postclypeus.
Occiput and vesicle black. Eyes blue.

Prothorax brown.—Thorax metallic greenish-blue marked with an
antehumeral stripe extending nearly up to alar sinus, a broad medial
lateral stripe, and a third, on hinder border of metepimeron, all vivid
citron yellow.

Legs black, trochanters marked with yellow.

Wings hyaline.—In an adult specimen the apices of forewings enfumed,
the extreme bases of both pairs golden yellow. In a teneral specimen
the whole of the wings palely enfumed, the bases golden yellow as far

out as level of 2nd antenodal nervure; nodal index :— Z,{—:f %%—-—':lg;
13 to 15 cells in loop (only 6 in aculeata) ; hypertrigones traversed 3 to 4
times in forewings, twice in the hind.

Abdomen black marked with citron yellow as follows :—segment 1
with a small spot on either side, 2 entirely yellow except for a narrow
dorsal apical black border, segment 3 with a baso-lateral spot, narrowly
confluent with a pair of middorsal confluent spots, segments 4 to 6 with
a pair of medial middorsal spots which decrease gradually in size as
traced from segment to segment, 7 with a broad basal ring covering
nearly half the segment, 8 with a minute quadrate ventral spot, remainder
unmarked.

Anal appendages small, black. Vulvar scale minute, triangular,
bifid, glossy black.

Macromia zeylanica, sp. nov.

Male.—Abdomen 38 mm. Hindwing 33 mm.

Head.—Labium citron yellow, the middle lobes broadly bordered
with black ; labrum black with a citron yellow spot at its base; ante-
clypeus black, postelypeus bright citron yellow, forming a curved trans-
verse stripe on lower part of face. A small yellow spot against each
eye nearly confluent with the yellow stripe, and lastly, a small oval
spot on the upper surface of each side of frons.

Prothorax black.—Thorax brilliant metallic bluish green marked
with citron yellow as follows :—an antehumeral stripe extending nearly
up to alar sinus, which is itself yellow, a narrow mediolateral stripe
and the hinder border of metepimeron. A large spot on anterior trochan-
ter and a smaller on the middle one.

Legs black.

Wings hyaline, very faintly enfumed; pterostigma black, small,
over 11 cells; 6 cells in loop.; hypertrigones traversed 4 times in fore-
wings, once in the hind ; 4 cubital nervures in forewings, 3 in the hind ;

- 6—14 | 15— 5 :
nodal index y— | =5 membrane white.

Abdomen black marked with citron yellow as follows :—segment
2 with a dorsal duplicate spot limited apicad by the jugal suture and
prolonged basad as two points, a large baso-lateral spot limited to the
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basal half of segment, segment 3 with a triangular baso-lateral spot
and a paired medial dorsal spot, segments 4 to 6 with similar dorsal
spots, but almost obsolete on 6, segment 7 with a narrow subbasal ring,
8 with a narrow dorsal basal spot almost confluent with a large quadrate
ventral spot. Segments9 and 10 unmarked, the latter with a robust
dorsal spine.

Anal appendages very similar to those of cingulata, but the superiors
more tapered, the lateral robust spine situated further from the apex.

Genitalia very similar to that of cingulata, the hamules are stouter,
the terminal hook not so long. Lobe similar, its apex level with the
apex of hamules.

Distribution.—Kandy, Ceylon. A single male collected by Col. F.
Wall, LM.S., 13th September 1924, at present in my own collection.
Closely related to cingulata, but distinguished easily by the markings
of face and by slight differences in the anal appendages and genitalia.
This is the first species of the subfamily Corduliinae to be discovered
in Ceylon.

Aeschna quadrilateralis, sp. nov.

Male.—Abdomen (first 5 segments) 30 mm. Hindwing 53 mm.

Labium light warm brown ; labrum, face and frons pale yellowish
brown, the upper surface of frons dark blackish brown ; occiput oliva-
ceous, small. Eyes palest brown, probably blue during life.

Prothorax brown, its posterior border laterally greenish yellow.

Thorax warm reddish brown marked with bright greenish yellow as
follows :—narrow antehumeral sinuous stripes sloping obliquely upward
and inward so as to converge, but not nearly meeting the antealar
sinus ; vwo lateral stripes, the first lying between the humeral and first
lateral suture, the second occupying the central area and greater part
of the metepimeron, both bordered diffusely with blackish.

Legs.—Femora dark reddish brown changing to black distad, tibiae
and tarsi black. Hind femora with a row of very small, very closely-
set, sharply sloped short spines.

Wings hyaline with a diffuse clouding of dark blackish brown at
the bases of all wings, occupying the costal, subcostal and median spaces
in the forewing, and a much smaller area in the hindwings, extending
out for about the 8th antenodal nervure in forewings.

Pterostigma very short, over 3% cells in forewing, over 2 in the hind.
In the latter wings, in the space immediately next to the pterostigma,
are two opaque blackish brown cells, their colour being confluent with
the pterostigma so that the latter has a peculiar stunted, quadrate
appearance. Relatively to the size of the insect, the size of the pteros-
tigma is the smallest known within the genus.

Details of the wings are as follows A—median space entire; nodal

index 22 %;;:;; 6 cubical nervures in forewings, 6-7 in the hind ;

trigones of forewings with 7-8 cells, the inner one cleft in two, in the
hind shorter, only 5 cells; 12-14 cells in the loop ; outer side of trigones
sinuous and sending off a supplementary nervure which runs parallel
with Mspl for a long distance ; Mu sharply angulated towards the costa
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about 2-4 cells proximad of pterostigma ; Rs forked about 5-7 postnodal
cells proximad of pterostigma, 4 rows of cells between the branches of
fork ; 3-4 rows of cells between Rs and Rspl; 3 cells in anal triangle ;
base of hindwing oblique, shallowly excavate; reticulation very close.
Membrane yellowish white.

Abdomen dark brown, the base of each segment very narrowly
yellow, as also small paired apical lunules. The oreillets small, bright
greenish-yellow above, acutely pointed outwardly and furnished with
a border of about 12-14 minute teeth. (The last 5 segments lost, appa-
rently knocked off with the rim of the net.)

Genitalia.—Lamina tumid, deeply cleft into two tumid lateral masses ;
hamules of curious structure, at first curled out of the genital sac, then
curling back again as they converge towards each other, then abruptly
angulated towards the base of abdomen, tapering to a fine point, forming
two closely approximated pointed scales which pass high up in the arch
formed by the lamina ; lobe scrotal shaped and with a median narrow
longitudinal sulcus.

Distribution.—A single incomplete male from Hasimara, 19th April
1924, Duars, Bengal, collected by Mr. H. V. O’Donel,

Periaeschna nocturnalis, sp. nov.

Male.—Abdomen 48 mm. Hindwing 40 mm.

Head.—Lips and face dark ochreous ; frons brownish yellow ; occiput
blackish brown, very minute; penultimate joint of antennae bright
yellow ; eyes lustrous greeny grey.

Prothorax and thorax dark brown, the middorsal carina bright
yellow, and on the sides two vestigial yellow stripes or oval spots, the
larger on the metepimeron.

Legs reddish brown, the distal ends of femora darker brown ; hind
femora armed with two rows of robust short moderately closely spaced
evenly sized spines.

. . . 1995 ¢ 2419, . 6-8 .
ngS hyalme, nodal index ai—s | 19592 cubital nervures =7’

hypertrigones traversed 3—r; loops 10-celled; a basal antenodal
nervure in all wings; one row of cells between Rs and Rspl; trigones
of forewings traversed 6 to 7 times, those of the hind 5 times; 4 to 5
median nervures in all wings; the 6th and 7th the primary antenodal
pervures in forewings, the 5th in the hind. Two rows of cells between
forking of Rs ; a poorly developed supplement to trigones. Pterostigma
bright yellow, very small, well braced, over 21 to 3} cells ; membrane
greyish white, very short and limited in hindwing to the petlole reti-
culation very close.

Abdomen dark brown marked with citron yellow as follows:—a
diffuse basal bordering to segment 1, segment 2 with the jugal suture
finely yellow and a fine line on the middorsal carina apicad to the jugal
suture. Laterally, on this segment, a stripe moderately broad at base,
tapering as far as jugum where it curves up above oreillet and continues
as far as apical border of segment, 3 with a small baso-lateral spot near
the ventral border, a fine well-defined line on the jugum expanding
dorsalwards, lastly a pair of apico-dorsal triangular spots. Segments 4
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to 7 with similar dorsal and apical spots, segment 8 with only vestiges
of these, and 9 with a vestige of the jugal marking only. Segment 10
diffusely yellow at the base for about half the segments length.

Anal appendages dark brown, superiors shaped like an assegal as
seen from above, equal in length to segments 9 and 10, pointed at apex,
fringed with long hairs within. Inferior triangular, curled strongly
up as seen in profile, the apex minutely recurved.

Genitalia compressed and difficult to make out, lobe short, spined
along its lower border.

(Female unknown.)

Dustribution.—Shillong, Assam. Described from a teneral male
coll. by Mr. T. Bainbrigge Fletcher, 14th June 1924. Beaten up from
Jungle during the day and evidently a crepuscular insect. Type in the
Pusa Museum, Bihar. (I believe since transferred to the British Museum.)

Possibly the colouring of the adult insect is more defined, especially
th;allateral markings of thorax, which may well be green or bright citron
yellow.

Petaliaeschna, gen. nov.

Head globular, face deep and narrow as in Gynacantha ; eyes broadly
contiguous, occiput very minute.

Fie. 1.—Wings of Petaliaeschna flelcheri, sp. nov. Male.

Thorax short, robust, its middorsal carina strongly keeled. Legs
moderately long, hind and mid femora with two rows of short, robust,
closely-set spines, and two or three longer distal ones.

Wings long and broad, reticulation very close, hindwings distinctly

etiolated, the forewings less so; base of hindwings very oblique, very
shallowly excavate, tornus right angled ; basal space reticulated ; cubital
nervures numerous ; loop very narrow, made up of 2 rows of cells only ;
5 cells in anal triangle ; trigones rather long and narrow, that of forewing
the longer, 5-celled in the male, 6 to 7-celled in the female; Rs forked
from about midway between the node and pterostigma, only 2 rows
of cells between its branches ; Rspl not well defined, a single row of
cells between it and Rs; pterostigma short, over 3 to 5 cells, that of
hindwing slightly the longer; a supplementary nervure springing from
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the distal side of all trigones ; a basal subcostal nervure to all wings
(rarely absent).

Anal appendages nearly as long as the two last abdominal segments,
typically Aeschnine in shape (see under species). Vulvar scale forked,
minutely spined, very similar to that of Cephalaeschna.

Genotype Petaliaeschna fletchert, sp. nov.

Drstribution.—Assam and Sikkim.

Petaliaeschna fletcheri, sp. nov.

Male.—Abdomen 52 mm. Hindwing 40 mm.
Head.—Lips, face and frons uniform olivaceous yellow, no basal

marking to frons or its creat ; occiput reddish brown ; vesicle brown.
Prothorax brownish yellow. Thorax with middorsal carina bright
yellow, area between it and humeral suture warm brown bordered with
blackish brown ; laterally two bright citron yellow stripes separated
by a median narrow band of dark brown.
Legs yellow, middle and hind femora with two rows of dark brown
spines as for genus.

ila b

F1¢. 2.—a. End segments and genitalia of Petaligeschna fletchert, female, right side,
viewed in profile, 5. Anal appendages of male of same species.

Abdomen dark olivaceous brown marked with bright yellow as
follows :—segment 1 with the sides yellow, segment 2 with a dorsal
stripe tapering towards the apical border, a baso-lateral spot and the
oreillets, the latter bordered with black and a row of fine black spines ;
segment 3 to 7 with basal middorsal spots becoming more obscure as
traced towards the anal segments; segment 3 with baso-lateral and
apico-lateral spots, segment 4 with the latter spot only; 8 to 10 with
obscure basal rings, rather broader and more distinct on segment 10.

Wings hyaline ; pterostigma yellow, short, over 3} cells or more,
unbraced ; 6 median nervures in forewing, 5 in the hind; 8 cubital
nervures in forewing, 6-7 in hind; nodal indey 22 | £=2,

5716 | =1 aval
triangle 5-celled.
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Genitalia.—Too distorted to make out in the only male studied.

Anal appendages.—Superiors nearly twice the length of segment 10,
dark brown, narrow and sinuous as seen from above, with a strong
dorsal longitudinal keel and a fine point directed outwards at apex.
Each appendage at first inclined outwards and then curving in, con-
verging ever so slightly. Slightly dilated at the middle, inner border
fringed with hairs. Inferior appendage pale yellow tipped with brown,
triangular, curling upward at apex.

(Of an adult ih the living state, Mr. Bainbrigge Fletcher makes the
following note :—Eyes greenish brown ; the whole face bright yellow,
duller above. The midthoracic ridge, lateral stripes and legs bright
yellow. Inferior appendage yellowish white.)

Female.—Abdomen 47 mm. Hindwing 44 mm.

Very similar to the male but a more robust insect. Abdomen brown,
with a bright yellow, almost unbroken ventro-lateral stripe running
from base of segment 2 to base of 9. Other markings as for the male.
Loop rather larger than in the male, with 8 to 9 cells ; nodal index :—
2324 ) 2023
33—18 | 18—’

Distribution.—Assam and Sikkim. Type in the Pusa collection, but
probably since transferred to the British Museum. Closely related to
Cephalaeschna, from which it is separated by the long, narrow face,
etc. To this genus belongs, I think, Cephalaeschna acutifrons Mart.
Its face is far too narrow for Cephalaeschna, and the venation except
for some minor details agrees with the above.

Shillong, Khasia Hills, Assam, 19th-23rd May 1924, collected by
Mr. T. Bainbrigge Fletcher, who has sent me the following notes about
its habits and colouring :—Lies up in scrub during the day, beaten up
in bushes behind upper stream in fruit garden, Shillong; flew a few
yards and then settled again, flight rather weak. Eyes greenish brown,
whole face bright yellow, duller above. Midthoracic ridge, lateral
stripes and legs bright yellow. Inferior appendage yellowish white.

Gynacantha biharica, sp. nov.

Male.—Abdomen 45 mm. Anal appendages 59 mm. Hindwing
42 mm.

Head.—Labium yellowish brown ; labrum olivaceous ; face and frons
pale green, the latter with a broad black T-like mark on its upper surface ;
occiput bluish green ; eyes glaucous green.

Prothorax brown.—Thorax apple-green with bright blue spots at
bases of wings on tergum. (Dark brown in the dry state.)

Legs reddish yellow, distal ends of femora blackish brown.

Wings evenly enfumed, the centres of areolets paler; pterostigma
3 mm. long in forewing, 3-75 in the hind, brownish yellow, its costal
border yellow, hinder border black, over 31 cells, sinuously braced.
Membrane absent. 1 row of cells between Cus and Cuii at origin ; 12
cells in loop; b rows of cells between Rs and Rspl; nodal index :—
v | S trigones Z——:—g, cubital nervures g;’f;.

Abdomen blackish brown marked with turquoise blue and grass-
green as follows :—segment 1 with its sides broadly, and its apical border
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narrowly turquoise blue ; 2 with the sides irregularly blue, a large, basal
spot on upper and lower surfaces of oreillets, the basal side of the jugal
suture and the surface behind it, except the middorsal crest, turquoise
blue ; oreillets with a broad black border bearing 7 robust spines;
segment 3 with a large basal spot at sides and two large spots on apical
border, narrowly interrupted by the dorsal crest, turquoise blue, these
spots narrowly confluent laterally by an isthmus of blue; segments
4 to 6 with subtriangular baso-lateral spots extending along the ventral
border grass-green, in addition a pair of dorsal apical spots of the same
colour, segments 7 and 8 with the basal spots only, 9 and 10 unmarked,
the latter with a pair of small dorsal tubercles.

Anal appendages dark blackish brown, paler reddish brown at the
middle. Superiors very long, outer sides straight, inner sinuous, apical
thirds broadening markedly, then narrowing to a fine point which is in
line with the outer border. In profile, almost dead straight but with
a slight bayonet-like bend at the junction of basal and middle thirds.
Inner borders lined with coarse black hairs. Inferior appendage less
than half the length of superiors, sloping down, almost straight in profile,
triangular and narrow as seen from above, tapering rapidly to a blunt
point.

Distribution.—Pusa, Bihar. Two males collected by Mr. T. Bain-
brigge Fletcher, Tth August 1924. T'ype in the Pusa collection, paratype
in Fraser collection. REasily distinguished from all other species by its
display of colours, and quite the most handsome species of the genus.
I am indebted to Mr. T. Bainbrigge Fletcher for his notes on the colours
during life. He states that it is a day-flyer and flew into the bungalow

about 1 p.M. This may explain the vivid colouring so unique in a dowdy
genus.

Gynacantha albistyla, sp. nov.

Male.—Abdomen 41 mm. Hindwing 34 mm.

Head.~—Eyes brown or olivaceous during life; labium yellow ;
labrum olivaceous, yellow at free border ; face, frons and bases of man-
dibles golden brown changing to bluish at the sides; vesicle blackish
brown ; occiput pale greenish white. No marking on upper surface of
frons save for an obscure brownish bordering along the crest. Prothorax
brown.

Thorax pale brown dorsally, pale bluish green laterally. Legs pale
ochreous with black spines. .
Wings hyaline ; pterostigma yellowish brown, over 3-4 cells ; nodal

. . 15718 4 18—i4 ) . . . B .
index :—— | 5= loop 8 celled ; 5 cells in trigone of forewing, 4 in

the hind, the basal cell in each bisected by a transverse nervure to form
two cells ; 3-4 rows of cells between Rs and Rspl; b cubital nervures in
forewings, 6 in the hind.

Abdomen variegated with pale blue and black as follows :—segment
1 with a large triangular dorsal black spot broadening apically, segment
9 with the dorsum broadly black, the sides blue, a fine middorsal line
of blue and a similar bordering the jugal suture basad, finally small
snbapical, subdorsal blue lunules, segments.3 to 8 similar, the subdorsal
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lunules confluent narrowly with blue on the sides, from which prolonga-
tions are sent up at the base of segment and along the apical border of
jugum, segment 9 broadly black, the sides reddish brown, with a pale
blue subdorsal stripe expanding apicad, narrowing basad but not quite
reaching the base of segment, 10 black with an irregular subdorsal spot
confluent with a triangular spot on the dorsal carina, which tapers as
far as the base.

Anal appendages long, straight, of the same width from base to
apices, apex very slightly broadened, blunt, subrotundate, with an abbre-
viated outer point, reddish brown, darker at apices, keeled above for
rather less than the apical half, fringed with long hairs on the inner side.
Inferior appendage narrowly triangular, only half the length of superiors,
its apex turned up very slightly as a minute upper spine, white, tipped
with dark brown at apex.

Oreillets large, but smaller than in bitkarica, pale bluish, finely bordered
with brown and bordered with 4-5 spines.

Female.—Abdomen 43 mm. Hindwing 38 mm. Appendages 4 mm.

Colour and markings almost identical to those of male. The blue
not extending up along the jugal sutures, markings on segments 8-10
slightly modified to suit the length and formation of segments.

Anal appendages brown, shorter than in the male, broadening from
the middle to apices which are subrotundate and without a spine. Wings
similar to male ; cubital nervures 6-8 ; loop 11-8, nodal index as for
male. Pterostigma pale brown,

Dustribution.—Pusa, Bihar, a single pair in the Pusa collection,
collected by Mr. T. Bainbrigge Fletcher, 5th September 1924. There
are many points of resemblance between this and dikarica, but the latter
insect is much larger, and the occiput bears a black T marking. It
also, like bikarica, appears to be a diurnal species.

Allogaster hermionae, sp. nov.

Male.—Abdomen 44 mm. Hindwing 35 mm.

Head.—Labium dark ochreous; labrum, face and frons uniform
dark reddish brown ; upper surface of frons and occiput rather darker
brown ; eyes brown. Face very broad, frons projecting as in latifrons,
higher than occiput, a fringe of hairs along its crest projecting straight
forward, a short distance behind which is another fringe projected back.
Occiput with a fringe of coarse hairs projecting back.

Prothorax dark reddish brown, unmarked.

Thorax mahoghany brown marked with citron yellow with a faint
greenish tinge as follows :—two dorsal pyriform spots, short and almost
triangular on the upper half of dorsum, a narrow humeral stripe and a
shorter and broader one on the middle of metepimeron, both framed

rather broadly in black.
Legs dark reddish brown, tibiae and tarsi black. Armature as for

Cordulegaster.

Wings hyaline, base very oblique, scarcely notched ; pterostigma
differing in size in the wings, 2-45 mm. in forewings, 3-25 in the hind,
over 3 cells, reddish brown between black nervures, very narrow and
non-braced ; 3 to 4 cubital nervures in forewings, 2 in the hind ; nodal
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. 12—18 18—13 . 3
index == | 7= all trigones traversed once by a nervure running

from costal to outer side; 4 cells in anal triangle; 6 cells in loop ;
membrane pale brownish white. (The specimen is remarkable for the
clarity with which it shows the plastic formation of node, are, etc.)

Abdomen reddish brown marked with bright citron yellow as
follows :—segment 1 unmarked, segment 2 with a dorsal saddle-shaped
marking which is bifid apicad and limited basad by the jugal suture,
except for a small triangular prolongation which does rot extend quite
to base of segment. Laterally the small blunt oreillet is coloured yellow.
Segment 3 with two large dorsal triangular spots finely separated by
the ground colour. Segments 2 and 3 with narrow apical dorsal lunules,
4 to 8 with similar dorsal spots but gradually decreasing in size from 4
to 8, rest of abdomen unmarked.

The abdomen is shaped exactly as for Anotogaster nipalensus.

Anal appendages reddish brown, the superiors directed straight back,
as long as segment 10, narrow at base, pointed at apex, with a fine
pointed ventral spine situated a little basad of middle of appe. dage
and directed somewhat inward. A second broader and more robust
spine situated beneath the extreme base of appendages.

Inferior appendage shorter than superiors, blunt at apex and slightly
bifid, curled up evenly and slightly hollowed out above.

Genitalia.—Lamina depressed, its border emarginate ; inner hamules
foliate, thin squarish plates which curl inward. Outer hamules broad
blunt spines ; lobe tongue-shaped, shallowly bifid at apex and hollowed
out above.

Distribution.—A single male from the Darjeeling district, on the
wing in July. It differs from the rest of the Asiatic species of the family
except Allogaster latifrons, from which it may be distinguished by its
much smaller size and abdominal markings. It is strongly reminiscent
of some members of the allied genus Cordulegaster from North America,
especially sayi and maculatus. Type will be deposited in the British

Museum.

Allogaster latifrons, Selys.

The male of this species has not been described. Mr. Chas. Inglis
has taken a male at Nathui La, near the Thibetan-Sikkim border, which
will be deposited in the British Museum. Its description follows :—

Male.—Abdomen 52 mm. Hindwing 40 mm.

Head, thorax and legs coloured and marked exactly as for type.

Wings hyaline with a slight saffronation at extreme base of both
and without any trace of the dzrk brown clouding so characteristic of
the female. Reticulation very close ; pterostigma narrow, 3 mm. long in
forewings, 3-6 mm. in the hind, reddish brown between black nervures,
over 4 to 5 cells ; 3 cubital nervures in forewings, 2 in the hind including
the base of subtrigone; all trigones traversed once; nodal index

%;{‘—g -:;'“T:g; membrane greyish white; loop 5 cells; anal triangle
4-celled. .
Abdomen black on dorsum, reddish brown on sides and beneath,

marked with citron yellow as follows :—segment 1 reddish brown,
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unmarked, segment 2 with two small dorsal lunules on the apical side
of the jugal suture, and two longer narrower apical lunules, segments
3 to 8 with small triangular paired dorsal spots replacing the dorsal
lunules, and segments 3 to 6 with similar apical lunules, which on seg-
ment 7 are represented by a tiny point only. Segment 9 unmarked,
segment 10 with two small apical subdorsal spots.

Anal appendages black. Superiors compressed, the apex pointed,
slightly curled so as to lie in a different plane to rest of appendage.
A median ventral robust tooth and a similar one beneath the extreme
base of appendage. Inferior subquadrate, the apex a little turned up
and very shallowly notched, hollowed out above, nearly one third shorter
than superiors.

Genitalia.—Lamina depressed, coated with very long hairs ; anterior
hamules broad and foliate, the apices curling in towards the mid line ;
posterior hamules long stilette-shaped organs, ending in a blunt apex,
directed obliquely towards each other and meeting over dorsum of
penis ; lobe short and broad, scrotal-shaped, the apex very slightly
bifid and cupped:

This male is distinguished by its abdominal markings and by its
much larger size from hermionae, which it resembles in general facies
and in its ground colour. Two other females collected from the same
district do not differ from the cotype described by myself in the Journal
of the Bombay Natural History Society, but in one the wings are un-
enfumed as in the male described above.

The posterior lobe of the prothorax of male is citron yellow, as also
is the trochanter and coxa of the first pair of legs. The dorsal thoracic
stripe is much abbreviated and shorter than in hermionae.

Onychogomphus pulcherrima, sp. nov.

Male.—Abdomen 40 mm. Hindwing 30 mm. .

Head.—-Labium yellowish ; labrum pale green, the anterior bm:dfar
of former narrowly reddish brown; face and especially frons vivid
pea-green above as well as in front; vesicle and vertex dark blackish
brown ; occiput grass green, brownish at the sides. .

Prothorax dark reddish brown marked with yellow, the posterior
lobe, a large geminate spot in the middle line confluent with it, and a
narrow anterior collar.

Thorax dark mahoghany brown marked with green as follows:—
Nearly the whole of the dorsum, where are two very broad green ante-
humeral stripes confluent with a narrow mesothoracic collar, which
latter is continuous with a narrow yellow midthoracic suture. This
suture merely separated from the antehumeral stripes by a clouding
of warm reddish brown. Laterally the whole of the sides greenish
except for a moderately broad reddish brown stripe on the second lateral
suture broadening anteriorly below. ‘ ‘

Legs blackish brown, the extensor surfaces of anterior pair of femora
yellow, of the two hinder pairs, reddish brown.. . .

Wings hyaline, palely safironated and distinctly tinted with yelow
at extreme base. Pterostigma dark reddish brown, framed in blackish
brown, but with a fine yellow streak between the ground colour and black
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frame, strongly braced, over 3} to 4} cells; 4 cells in anal triangle ; 1st
postanal cell entire, not extending basad beyond the centre of subtrigone ;
other details typical of venation of genus Onychogomphus ; nodal index

Abdomen dark ochreous and blackish brown ; the first two segments
marked with yellow, segment 1 with the lower parts of the sides broadly
light greenish yellow, segment 2 with the same area, including the
oreillets, yellow tinged with ochreous, the dorsum brown, this colour
passing down on each side as a narrow stripe behind the oreillets. Seg-
ment 3 with the base and dorsum broadly dark ochreous, segments 4-7
dark reddish brown deepening to black at apices, segments 8-10 gradually
paleing in colour from dark to bright reddish brown. The apical borders
of all segments narrowly black.

Anal appendages yellow, reddish at apices. Superiors subcylindrical,
tapering very slightly, the apical ends turned in and down rather abruptly
and compressed, the outer angle of this part bearing four minute brown
spines. At the centre and inner aspect of each appendage a small
elongate tumid eminence, below which the appendages become lami-
nated to form a very obtuse spine with broad base. Inferior appendage
deeply cleft into two widely divaricate branches, which, seen in profile,
are bent at a right angle at about one th rd of their length from the base.
Curving at first down, they then sweep upward towards the superiors,
each branch minutely spined on the outer border, slightly sinuous as
seen from below, and ending in a point. Superiors as long as segments
9 and 10, inferior as long as segment 10.

Genitalia.—Lamina projecting markedly, its border slightly emar-
ginate and concave; anterior hamules long fine stilette-like hooks
ending in a fine recurved spine, directed back and converging ; posterior
hamules much stouter structures, broad, abruptly narrowed near apex,
where they form a very robust slightly recurved spine; lobe deeply
cleft into quadrate, slightly bifid branches with a shallow groove on the
outer surface, its base tumid.

Distributvon.—Three males taken by Col. F. Wall, I.M.8., at Maymyo,
Upper Burma, 31st May 1925. Female unknown. The bright apple-
green markings on a mahoghany red background are so unique in the
genus as to easily distinguish it from all other species. Type will be
deposited in the British Museum.

Philoganga loringae, sp. nov.

Male.—Abdomen 41 mm. Hindwing 39 mm,

Head.—Labium dirty yellow ; labrum greenish yellow with a small
median comma at base : bases of maxillae and cheeks as far up as level
of antennae citron yellow ; rest of head matt-black with some scattered
pruinescence. Kyes brown.

Prothorax black with a median dorsal citron yellow stripe which
broadens anteriorly and on the posterior lobe.

Thorax black marked with pale citron yellow as follows :—The
midthoracic suture narrowly black, bordered on either side by a narrow
yellow stripe, a narrow slightly sinuous antehumeral stripe, the sides
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entirely pale yellow except for the second lateral suture which is ‘strongly
mapped out in black. .
Wings very long and very narrow, petiolated from a point slightly

proximal to ac; palely and evenly enfumed; pterostigma blackish

. . . . 22—13 | 13—21.
brown, rather short, over 3} cells, unbraced ; nodal index :—— | = ?

2 basal subcostal nervures in all wings, occasionally 3 in one or another ;
the so-called crossing of Rs greatly delayed, and no evidence whatever
of an oblique vein in any wings examined.

Legs long and slim, the hind femora extending as far back as the
middle of the second segment, anterior femora black, the middlé and
hinder pairs darkest ochreous ; tarsi and tibiae black.

Abdomen dark reddish brown, segment 1 greenish yellow, segment 2
with a broad latero-ventral bright yellow stripe bordered above by
black, the dorsum reddish brown, segment 3 with a -continuation of
the black stripe, which is here very diffuse and largely blocking the
dorsal reddish brown ; the ventral border dark ochreous, segments 4
to 10 similar but the black stripe gradually extending so as to black
out most of the ground colour. On segment 9 a middorsal bright ochreous
spot bisected by the broadly black middorsal carina. On segment
10 two bright ochreous rounded spots at the middorsum.

Anal appendages black. Inferiors aborted, merely two small emin-
ences, invisible from the side. Superiors nearly twice the length of
segment 10, pincer-like, curling gradually in to enclose a space shaped
like a bishop’s mitre. Only slightly dilated at the apices as seen from
above ard ending in an abrupt blunt point. A few very minute spines
on the outer border of apices, much smaller than those found in montana.
Seen from the side, these appendages lie in a horizontal plane, directed
straight back, but curling up at apices. Below, slightly hollowed out,
especially at apices.

G.nitalia.—Lamina and hamules in one piece, the former very deeply
cleft, the sides of the fissure so formed parallel. Laterally the lamina
is continued as the hamules as a broad cowl-like plate which projects at a
sharp angle from the genital sac, and the roof of which is accommodated
in the cleft of the lamina. Lobe scrotal-shaped, very depressed, glossy
black, resembles the flattened tumid body of a tick.

Female.—Abdomen 42 mm. Hindwing 37 mm.

A much bulkier insect in all respects than the male, the abdomen
being especially robust. Colours identical to those of the male. Wings
differing in a few details only, thus there are 2 basal postcostal nervures
in some wings and only 1 in others. In one wing, two such nervures
are in the closest apposition. Petiolation distinctly proximal of ac.
Pterostigma slightly longer, over 4} cells; as in the male, there is no
vestige of an oblique nervure in any of the wings.

. 2512 | 13—20
Nodal index el

Abdomen very similar, the sides of segments 9 and 10 broadly ochre-
ous, the dorsal spots replaced by a diffuse dark ochreous.

Vulvar scale similar to that of montana.

Anal appendages brownish yellow tipped with black, short, narrow
conical and pointed.
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Distribytion.—Maymyo, Upper Burma. One pair taken in cop, and
one other male, 1st July 1925, coll. by Col. F. Wall, I.M.S. .

Differs from montana by its much smaller size, abdomen 41 mm,,
hindwing 39 mm. to 52 mm. and 48 mm. respectively. Nodal index
correspondingly lower.

Anisopleura subplatystyla, sp. nov.

Male.—Abdomen 34 mm. (with appendages). Hindwing 28 mm.

Labium black, midlobe pruinosed ; labrum bright apple-green very
finely encircled with black ; cheeks, epistome and frons pale ochre,
rest of head black with a largish reniform spot, ochreous in colour on
;he outer side of the ocelli, the hilum of the spot directed inward. Eyes

rown.

Prothorax black with a large oval spot on each side and a narrow

triangular one on each side of the posterior lobe yellow.

F16. 3.—a. Anal appendages of Anisopleura lestoides Selys, dorsal view. b. The same
seen from the right. c¢. The same of Anisopleura comes Selys, dorsal view.
d. The same seen from the right. e, The same of Anisopleura subpla-
tystyla, sp. nov., dorsal view. f. The same seen from the right.

Thorax velvety black, pruinosed beneath, marked with bright yellow
as follows :—narrow antehumeral stripes running close to and parallel
with the middorsal carina, the upper end of the stripes curved and
strongly hooked outward; a narrow humeral stripe running parallel
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to the former and broadly confluent with it below, but not quite meeting
the outwardly curled part above. A small upper spot lying close to
the outer side of the humeral stripe. The sides broadly yellow with a
broad black stripe on the second lateral suture. .

Legs black, inner and proximal part of the two anterior pairs of
femora pale greenish yellow.

Wings hyaline, bases of both pale greenish yellow. A pale cloud
of black at the extreme apices of the forewings. Pterostigma dark
blackish brown, over 4 cells; 17 antenodal nervures and 22 postnodals
to forewings, 14 and 20 respectively in the hind. Quadrilaterals entire ;
4 cubital nervures.

Abdomen black, segments 9 and 10 pruinosed white on the dorsum,
segment 1 broadly greenish yellow on the sides, this colour extending
apicad on to dorsum as an almost complete ring. Segment 2 with a
broad lateral stripe, 3 to 6 each with a baso-lateral spot followed by a
long narrow stripe.

Anal appendages.—Superiors broad, roughly triangular and broadly
hollowed out as seen from above, the outer border thickened. Conical
as seen from the side and with a stout ventral spine which is continued
back from near middle of appendage to the base. Inferiors practically
absolete, barely discernible from above or in profile.

This species differs from lestoides which has the epistome glossy
black, the spots on the vertex greenish and nearly circular, only a single
dorsal thoracic stripe and lastly by the anal appendages subcylindrical
and with an acute spine on the outer sides.

It more nearly resembles comes but may be distinguished from it
by the presence of the humeral spot which is absent in comes, and also
by the tooth on the appendages which is also absent in comes.

From furcata it is distinguished by the shape of the superior anal
appendages which are broadly bifid in furcate and shaped like a crab’s
claw. The humeral stripe is also absent in the latter species.

Dustribution.—Shillong, Khasia Hills, 5,000 ft., collected by Mr. T.
Bainbrigge Fletcher, 28th May 1924, 4th June 1924. Several specimens
of both sexes. Type in Pusa collection. Paratypes in Fraser collection.

Dysphaea walli, sp. nov.

Male.—Abdomen 35 mm. (with appendages). Hindwing 31 mm.

Head glossy black with a small obscure spot of yellow on the upper
part of each cheek.

Prothorax black with a large oval spot of yellow on each side the
middle lobe.

Thorax black marked with yellow as follows :—narrow complete
bumeral and antehumeral stripes connected above by a short horizontal
bar near the alar sinus, converging and confluent below ; four bright
yellow stripes on the sides, one at the first lateral suture, a second broader
along the anterior border of the second lateral suture, a third very fine
on the anterior part of the metepimeron and lastly the whole of the
basal half of this structure.

Legs black, the hinder femora broadly yellow on the outer flexor
surface.
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Wings palely and evenly enfumed, the bases of all four dark blackish
brown for nearly two-thirds of the distance from base to node in the
forewings, and fully three-fourths of that distance in the hind ; the outer

margin of this fascia slightly convex. Nodal index : | B2

trigones traversed once in the forewings, once or twice in the hind ;
pterostigma black, long, narrow, over 6 to 8 cells.

Abdomen black, narrow and cylindrical, segment 10 without dorsal
spine, segment 1 with a large triangular lateral yellow spot, segments
2 to b with a lateral stripe of blue, broad at base, tapering to a fine point
to end of each segment, remaining segments unmarked.

Anal appendages black, the inferiors in closest apposition, very
short and barely visible in profile, superiors as long as segment 9. Seen
laterally, rather broad at base, tapering to a rounded apex. Seen from
above narrow at base, broadening apicad and then finally narrowing,
hollowed out on the inner surface. Apices curled strongly in to overlap
each other.

Genitalia.—Hamules broad and confluent medially ; lobe of penis
small, pouch-like, black.

Dustribution.—Maymyo, North Shan States, Upper Burma, collected
by Col. F. Wall, I.M.8., 30th May 1924, four males (female unknown).
T ype in British Museum.

One specimen has decidedly broader thoracic markings, the ante-
humera] stripe is complete, the humeral and other stripes broader, and
the whole of metepimeron greenish yellow except its anterior border.
By analogy, we may safely assume that the female is very similar to
that of D. ethelae, that its wings are unmarked, or at the most enfun_led,
with perhaps cloudy apices, its body marked with bright _greenish-
yellow markings more broadly than in the male, and extending to all
segments of the abdomen. o .

The discovery of two species of Dysphaea, in widely different areas,
within Indian limits, and within the space of one year, wl.len the genus
had hitherto been unreported, is worthy of comment. This new species
is not very closely related to limbata, which has the basal blat;k of wings
much more extensive, and more so in the hindwings than in fore, its
entire costal margin black, and the apices of all wings broadly so. It
is easily distinguished from ethelae which has the wings unmarked au.d
much narrower. From dimidiata (Java) the same points separate it
as seen in limbata. There is some resemblance to Pseudophaea masoni,
but the spined segment 10 of the latter will at once separate the two

species.

Rhinocypha hilaryae, sp. nov.

Male.—Abdomen 23-24 mm. Hindwing 28-29 mm. .

Head velvety black marked with azure blue as follows :—labium
unmarked ; labrum with two triangular spots inclined obliquely towards
one another and confluent at a point below, a narrow stripe borden.ng
the eyes and a small isolated spot on the cheeks nearly.conﬂugnt with
the stripe ; the mandibles entirely blue, a spot on either side the
rhinarium, two large subquadrate spots angulated outwards on the

c2
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epistome, and two pentagonal spots on the frons, the former well sepa-
rated, the latter pair nearly confluent ; a small linear spot on the outer
side of each posterior ocellus, lastly a tiny round postocular spot on each
side.

Prothorax velvety black, with a narrow median longitudinal azure
blue stripe which expands slightly on the posterior lobe.

Thorax velvety black, the mesothoracic triangle azure blue, extending
from the antealar sinus but not quite reaching the anterior border of
triangle, although it invades the black here as a median point. The
median suture of the alar sinus yellow. A fine linear humeral spot
parallel with and bordering the alar sinus, and below a fine humeral
stripe represented in some specimens by a vestigial spot. Laterally a
fine bluish stripe, stilette-shaped, bordering the hinder border of humeral
suture in its upper two-thirds. Lastly a broad oblique, very ragged,
very broken stripe or fascia extending the whole length of side, filling
the centre of metepimeron, broadly interrupted by the second lateral
suture and bluish yellow in colour. Above a small linear spot behind
the first lateral suture and another linear spot below base of hindwing.

3
7 1 Y IOy
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Fic. 4.—Wings of Rhinocypha hilaryae, sp. nov.. male.

Legs black, the four hinder tibiae markedly pulverulent white on
the flexor surfaces, the femora less so.

Wings palely safironated, especially at the bases. The extreme
apices of forewings bordered with dark brown for a depth of one cell,
this colour continuous with pterostigma which is black and covers 7-8
cells. Apices of hindwings black from about the level of middle of
pterostigma, the black fascia tapering away on the hinder border of
wing and extending inward for rather more than one fourth the length
of wing. The inner border of fascia very irregular, zigzagged, and
sending a short prolongation inward just below pterostigma and to about
its middle. Below this point, the fascia rapidly narrows until it is only
one cells depth along the hinder border of wing. At about 7 cells proxi-
mad of inner end of pterostigma, a small black spot made up of 3 to 5
cells, subquadrate, or in others bifid posteriorly. This spot may or may
not be confluent with a prolongation from the hinder border of wing,
usually it is widely separated. The greatest variability is seen in these
markings, differing in almost every specimen. In some lights the black
apex is dark metallic green. The area enclosed by it and by the inner
spots, as well as three spots just proximad of the level of the subcostal
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black spot, vitreous and a beautiful lilac or peacock blue according to
the angle of view. Of the row of three vitreous spots, the anterior is
more or less continuous with the black spot and is about 20 cells in
length, the median spot is only 6 cells long by 2 wide, whilst the hinder
is about 10 cells long and rather irregular.

The broad intercalated vitreous area has its inner border distinctly
concave. Pterostigma black with an elongate azure blue spot rather
‘variable in size, on its upper surface, covers 8 cells., Forewings with
15-18 antenodal nervures, and 36-38 postnodals. Hindwings with 16-18
antenodals, and 29-33 postnodals ; quadrilaterals with 3-5 cross nervures ;
petiolation begins slightly proximad of the 2nd antenodal. Fore- and
hind-wings moderately broad, the hind not broader than the fore.

Abdomen black marked with bluish spots as follows :—segment 1
with a large triangular subdorsal spot, its base on the apical border ;
segment 2 with a linear stripe on the hinder two-thirds of each side,
and a small triangular subdorsal apical spot ; segments 3 to 6 or 7 with
lateral linear stripes, decreasing in length from segment 3 to 7, on the
latter of which it is either obsolete or vestigial. Segment 3 has also
a small subdorsal apical spot.

Anal appendages black, the superiors about twice the length of
segment 10, long, linear, stilette-shaped, their apices curving evenly in
until they meet. The inferiors only half the length of superiors, sub-
conical, pointed, sloped in, so that their apices meet in the middle line.

Female.—Abdomen 22 mm. Hindwing 31 mm.

Labium black, a small trace of yellow at the base of the lateral lobes ;
labrum greenish yellow, its anterior border broadly black, its base very
narrowly so and a small median tongue of black which partially divides
the ground colour; the epistome black in front finely encircled with
yellow, black above with a prominent spot on either side, other spots
on upper surface of head very similar to those found in the male. An
additional small central spot on the hinder border of occiput.

Prothorax black with a fine median dorsal stripe bright yellow, on
the sides a rounded spot at the middle and another larger triangular
just above trochanter.

Thorax black.—The mesothoracic triangle ascending nearly to
alar sinus, narrowly mapped out in palest yellow; a narrow complete
antehumeral stripe curled strongly out above, a narrow humeral stripe
incomplete below, lying just posterior to the humeral suture. Laterally
a thick, very ragged bright yellow fascia running almost parallel with
the ventral border of thorax, lastly a fine curved stripe above between
the roots of the fore- and hind-wings. Beneath bright citron yellow
with a black mark shaped like a thistle-head on a long stalk.

Legs black, not pruinosed.

Wings hyaline, no black or metallic markings. Pterostigma black,

. . i . . 33—18 4 1631, . :
1ts outer half yellow; nodal index : =15 | 5= trigones traversed

3 times ; petiolation begins slightly distad of the basal antenodal ner-
vure. Wings safironated in the basal and costal areas about as far as
node or less.

Abdomen as for male. Anal appendages small and conical. Vulvar
scale as for genus.
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Distribution.—Maymyo, Upper Burma, several of both sexes collected
by Col. F. Wall, LM.S., during the month of July 1924. Belongs to
group bifasciata-trifasciata.

Rhinocypha perforata beatifica, subsp. nov.

Male.—Abdomen 19 mm. Hindwing 23 mm.

Head.—Labium cinereous ; labium and epistome glossy black ;
rest of head velvety black marked sparcely with small blue spots:—a
small reniform spot with its hilum facing inwards, on the outer side
of each posterior ocellus, a linear spot on the hinder border of the occiput,
and a rounded spot to the outer side and front of latter.

Prothorax black with a large pale blue spot on each side of the
middle lobe, and the posterior lobe pinkish.

Thorax black with the mesothoracic triangle pale salmon pink and
extending only halfway up the dorsum of thorax; a large triangular
spot on each side of the mesothoracic triangle lilaceous in colour ; an
upper antehumeral spot of pale blue, a fine curved posthumeral lilaceous
stripe which expands at its lower part. Lastly the sides broadly pale
blue except for the hinder suture which is narrowly black.

Legs black, the middle and bhind pair of tibiae heavily pruinosed
white on the flexor surface.

Fia. 5.—Wings of Rhinocypha perforata beatifica, subsp. nov., male.

Wings hyaline for slightly less than their proximal halves, this basal
portion tinted palely yellow, whilst the outer apical half is opaque black.
The opaque portion beginning at the node in all wings, bevelled zigzag
fashion in the forewing downwards and outwards towards the termen
which however it just fails to reach, leaving a narrow hyaline vitreous
bordering about one-fourth the breadth of the wing in depth, which
extends as far as the apex of wing, and which has a brilliant violet
metallic reflex. In the hindwing the opaque area runs back almost
straight to the termen, but has a very ragged and indented margin.
The basal hyaline area is continued along the hinder margin of the wing
as a vitreous area one cell wide, as far as the apex, where it turns upward
to the pterostigma, occupying the whole of apex of wing as far inwards
as to slightly overlap the outer end of pterostigma. This area, as well
as two rows of vitreous spots in the opaque area, brilliant metallic emerald
green. The apical row of spots lies about 4 cells proximal to the inner
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end of pterostigma and consists of two spots, the anterior of which is
b cells wide by 9 long, the posterior 3 cells wide by 5 long and separated
from the first spot by a single row of cells. This row of spots lies two
cell rows from the costa, as does also the second or proximal row, which
consists of 3 spots. The anterior spot is situated about 9 to 10 cells from
the outer row, and it and the posterior spot are one cell wide, whilst the
middle spot of the series is from 2 to 3 cells wide. All spots are about
7 to 9 cells long. The posterior spot is confluent by its outer cell with
the bordering vitreous area on margin of wipg. Finally another long
vitreous spot is seen at the inner end of the opaque area, projecting
well into the hyaline area.

Both wings narrow, the hind only slightly broader than the fore,
and its apex rounded. Pterostigma black, its hinder half azure blue.

Antenodal nervures —-i; | 12 trigones traversed 3 times in all wings;
petiolation beginning at level of the 2nd antenodal nervure,

Abdomen black with a dark bluish green metallic reflex, marked
with azure blue as follows:—a large triangular spot on each side of
segment 1, a broad lateral stripe on segment 2 which broadens markedly
at the apical border of segment, a similar stripe on 3 which tapers to a
fine point near the base; triangular latero-apical spots on segments
4 to 8 ; short linear ventral spots on 3 to 5, merely vestigial in the last.

Anal appendages black, very similar to those of quadrimaculata,
the superiors twice the length of inferior, equal in length to segment 9,
linear, pincer-like, their apices curving in gently until they meet.

Distribution.—Two males only of this beautiful insect are known,
one in my own collection was taken at Nungba, in the Naga Hills, Assam,
8th April 1924, the other is in the Pusa collection.

Ischnura mildredae, sp. nov.

Male.—Abdomen 24 mm. Hindwing 16 mm.

Head.—Labium white ; labrum blue, its base narrowly black;
epistome, frons and vertex black with a small round blue postocular
spot on each side of occiput ; eyes dark olivaceous green.

Prothorax black on dorsum, yellowish laterally.

Thorax black on dorsum with narrow bluish green antehumeral
stripes. Laterally bluish green with short linear spots at upper ends
of sutures. Legs yellowish, the extensor surfaces of femora, especially
anterior two pairs, black.

Wings hyaline, faintly enfumed ; pterostigma lozenge-shaped, acutely
pointed at both ends, bright tawny with the two inner borders finely
black. Forewing with 8 postnodal nervures, hind with 7.

Abdomen.—Segment 1 pale greenish with a quadrate spot of black
on dorsum, 2 greenish at base changing to bright reddish orange at
apex, marked with a large quadrate black spot on dorsum of basal
half, and a rounded spot on apical half, the two narrowly confiuent,
the latter spot confluent with a narrow apical ring, segments 3 to 6
bright reddish orange with narrow black apical rings, 7 to 10 black,
segment 8 bearing a small blue spot on centre of dorsum,
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Anal appendages carneous, the inferior tipped with black. Superiors
very short, curled on themselves, about half the length of segment 10,
tumid ; inferiors broad at base, rapidly tapering to a blunt point, the
apices curled strongly in and nearly meeting.

Female.—Abdomen 24 mm. Hindwing 16 mm.

Almost identical in colouring to the male. Abdomen stouter, seg-
ment 2 with a goblet-shaped spot on dorsum quite different to that of
male, the stem of goblet very narrow, its base situated subapically but
confluent with a narrow apical ring by a medial prolongation of the
stem, which passes through the foot of goblet and apical ring on to base
of segment 3. The blue spot on segment 8 very large, covering nearly
the whole dorsum save for a narrow basal and a narrower apical ring
of black. The basal ring has two minute points invading the blue,
whilst laterally the blue is bordered narrowly with black. Segments
7 to 10 with the ventral borders tawny.

Anal appendages small, pointed, tawny. Pterostigma yellow, narrow-
ly framed in black.

Distribution.—Maymyo, Upper Burma, collected by Col. F. Wall,
LM.S., Tth June 1925. Types will be deposited in British Museum,
paratypes in Fraser collection. This species, which has been named
after Mrs. Wall, a keen collector, closely resembles annandales, and is
the first of that group discovered bearing blue colouration on the end
segments, thus bringing the group into relationship with the inarmatae
group.

Copera superplatypes, sp. nov.

Male.—Abdomen 26 mm. Hindwing 15 mm.

Head.—Labium white ; labrum, anteclypeus and cheeks palest blue,
almost white ; rest of head black save for a narrow pale blue transverse
stripe running from eye to eye at level of ocell.

Prothorax black with a pale whitish blue stripe laterally and a small
white spot below it.

Thorax black as far as the first lateral suture, with a pale blue humeral
stripe bordering the front of that suture. A tiny white spot just behind
upper end of humeral suture. Laterally after the first lateral suture
pale bluish, with the second lateral suture mapped out in black, a large
central isolated black spot on the metepimeron and another between
the sutures, confluent partly with the black on fore part of sides.

Wings hyaline ; pterostigma black, diamond-shaped, slightly longer
than broad, covers one cell; 12 to 13 postnodal nervures in forewings,

1 in the hind. Petiolation begins proximal to ac which lies nearly
midway between the two antenodal nervures; 2 cells between the
quadrilateral and subnode.

Legs very short, pure creamy white with fine black spines. The
distal halves of all femora jet black. Tibiae enormously dilated, much
more so than in annulata. (See text-figure 6.)

Abdomen black, the sides of segment 1 bluish white, segment 2 with
a pair of eye-like bluish dorsal spots (similar to those seen in Agriocnemus
clausent group), the sides of same segment rather broadly bluish at
apical end, narrowly so at basal, segments 3 to 5 with the ventral
border bluish and confluent with interrupted narrow basal rings ; seg-
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ments 6 to 8 similar but the rings more widely interrupted and with a
subapical extension of the bluish area. Segment 9 unmarked, 10 with
the dorsum creiamy white.

i

NN
1,

Ny

Fia. 6.-—Legs of :—a. Copere annulata Selys, male. b. Copera superplatypes, sp. nov.,
drawn to the same scale.

Anal appendages as long as segment 10, creamy white to the tips,
the inferiors blackish at the base, both pairs similar in shape, simple,
broad at base tapering to a fine point, the inferiors more robust and
slightly longer. ‘

Fig, 7.—End abdominal segments, showing anal appendages of :—a. Copera annulate
Selys, and b. Copera superplatypes, sp. nov.

Distribution.—A single male from Hasimara, Duars, collected by

Mr. H. V. O’Donel, at present in the Fraser collection. This striking

insect is the smallest of the annulata group and is marked quite differently

from the rest. The head markings are more like those of membranipes

group, as also are the anal appendages. The very short legs and enor-
mous dilatation of tibiae serve readily to distinguish it.
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Caconeura dorsalis auricolor, subsp. nov.

Male.—Abdomen 29 mm. Hindwing 18 mm.

Head —Labium black ; labrum yellow, cheeks and epistome palest
blue ; rest of head velvety black traversed from eye to eye at level
of anterior ocellus by a broad belt of bright chrome yellow ; eyes olive
green with an equatorial belt of black.

Prothorax black marked with a moderately broad subdorsal stripe
of pale creamy yellow extending from base to apical border.

Thorax black marked with bright chrome yellow and palest green.
The whole of dorsum between the humeral sutures, except for a narrow
line mapping out the middorsal carina, bright chrome yellow. Laterally
a broad pale greenish stripe lying between the lateral sutures, and a
second occupying the hinder half of metepimeron.

Wings hyaline, pterostigma dark blackish brown framed in black,
with a second inner frame of pale yellow, covers 1 to 1} cells, diamond-
shaped. Postnodal nervures 14 in forewing, 13 in the hind.

Legs.—Femora whitish on flexor surface, black on extensor, tibiae
yellow on extensor surface, black on flexor.

Abdomen black marked with pale green and blue as follows:—
segment 1 with a large pale greenish spot on each side, segment 2 with
a narrow ventro-lateral stripe of the same colour and a fine middorsal
carinal stripe of pale blue, segments 3 to 7 with paired basal dorsal
spots, and subapical ventro-lateral blue spots, segments 8 and 9 unmarked,
10 broadly azure blue on dorsum.

Anal appendages blue, as long as segment 10, of the usual Cacoreura-
Disparoneura shape, superiors shaped like the butt and of a pistol, in-
feriors thick at base, tapering strongly to apices.

Female.—Abdomen 30 mm. /Hindwing 20 mm.

Head marked similarly to male but the transverse stripe more narrow
and pale straw coloured. The subdorsal stripe on prothorax bluish
grey in colour. »

Thorax black marked with narrow creamy white antehumeral stripes
and laterally a broad medial stripe and the hinder three-fourths of
metepimeron the same colour, clouded with darker yellow.

Legs dirty white with longitudinal beaded black stripes on the
extensor surface.

Wings as for male, 13 postnodal nervures in forewings, 12 in hind.

Abdomen blackish brown marked with creamy yellow as follows :—
the ventral and apical borders of segment 1, the apical portion interrupted
by the black carinal ridge, segment 2 with fine ventral and subdorsal
stripes confluent at the base of segment, 3 to 7 with fine medio-lateral
stripes which are confluent with moderately broad, subapical incomplete
white rings ; each segment has in addition a pair of basal bluish white
lunules. Segment 8 with its ventral border narrowly creamy white,
9 and 10 with the dorsal carina and ventral border similarly coloured.

Anal appendages very small, creamy white, conical, pointed.

Distribution.—Maymyo, Upper Burma, a large number of specimens
I(;,i)llected by Col. F. Wall, I.M.S., 5th August 1925. Type in British

useum.
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INTRODUCTION.

Shortly before his lamented death Dr. N. Annandale, the late Director
of the Zoological Survey of India, suggested to me the study of this
interesting group of insects, with a view to publishing a memoir dealing
chiefly with their taxonomy and bionomics. The work was started
early in 1924, but owing to various interruptions of different sorts could
not be continned for a considerable part of the last two years. The
collection of mayflies in the Indian Museum, which was fairly large to
start with, has in the meantime been growing rapidly by additions made
by the officers of the Zoological Survey, and other outside workers,
as well as by loans, for the purpose of examination and comparison,
from various scientific institutions in India interested in insects. The
result of this has been that the work has assumed much larger proportions
than was originally contemplated either by me or by Dr. Annandale.
My original intention was to publish my results in one comprehensive
memoir, but as I now find that this would entail considerable delay and
would mean the holding up of the earlier parts of the work for periods
much longer than is generally desirable, I have decided with the permis-
sion of Major R. B. Seymour Sewell, Director, Zoological Survey of
India, to publish my results piecemeal. ~The present contribution is
the first of a series of papers that I hope to publish from time to time
in the Records of the Indian Museum.

The collection of mayflies in the Indian Museum has for the most
part been made at different times by the officers of the Zoological

[ 9]
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Survey, chiefly by the late Dr. Annandale and Dr. S. W. Kemp and
recently by my colleague Dr. 8. L. Hora. Of outside collectors not
directly connected with the Survey the name of Lt.-Col. F. C. Fraser,
I.M.S., must be mentioned. At my request he made a special collection
of the mayflies of Coorg in the Western Ghats and sent me very useful
notes on the habits of some of them. For all this I owe him my best
thanks.

Of the different scientific institutions in India interested in work
on insects that have helped me by lending their named and unnamed
collections I must first of all mention the premier entomological institu-
tion in India, namely the Agricultural Research Institute at Pusa in
Bihar. Mr. T. Bainbrigge Fletcher, the Imperial Entomologist, attach-
ed to this Institute, placed his entire collection, named and un-
named, at my disposal, and also sent me a very useful list of references
to Indian mayflies that he had prepared for his own use. My best thanks
are due to Mr. Fletcher for all the help he has given me. I am also
indebted to Dr. F. H. Gravely, Superintendent, Madras Museum, and
Rao Sahib Y. Ramchandra Rao, Officiating Government Entomologist
at Coimbatore (Madras) for lending me for examination the unnamed
collections under their respective charge. The Entomologist attached
to the Forest Research Institute at Dehra Dun has also recently sent
me some unnamed mayflies.

From outside India also I have received valuable help. Dr. Walther
Horn of the Deutsches Entomologische Museum at Berlin sent me a
number of duplicates of Central European mayflies determined chiefly
by Dr. Georg Ulmer. Drs. F. Maidl and H. Zerny of the Naturhis-
torisches Museum at Vienna also sent me a large number of named
duplicate specimens chiefly from the Palaearctic Region. They also very
kindly lent me for examination the type-specimen of Pictet’s Polymitarcys
endicus. The loan of this specimen has helped me a great deal in
correctly identifying my Indian examples of this species and for this I
owe these gentlemen my best thanks. Professor J. G. Needham of the
Cornell University, Ithaca, New York, has helped me a great deal in the
course of my work by making several valuable suggestions and
also by sending me some duplicate specimens. He has also returned
to me a large unnamed collection belonging to the Indian Museum that
was sent to him for naming several years back, but which he had not
so far been able to deal with on account of other engagements. This
collection, partly on account of its being old and partly because of the
severe shaking it has had during its journey to the United States of
America and back, is at present in a very unsatisfactory condition of
preservation and is not of much use. With this collection Professor
Needham has sent me a number of slide-mounts that he had made
at the time the collection was sent to him. I offer my sincere thanks
to Professor Needham and all the other eminent entomologists mentioned
above for the help that I have received from them.

The late Dr. Annandale took a great deal of personal interest in this
work during the short time that he lived after it was started, and helped
me by making several valuable suggestions. I owe him a great debt
of gratitude for the encouragement that he gave me in all my work.
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Dr. Baini Prashad, Superintendent, Zoological Survey of India, helped
me in translating several passages from German into English, and for
this I desire to express my thanks to him.

Major R B. Seymour Sewell has kindly gone through the manuscript
with me, and has made several valuable suggestions, for which my best
thanks are due to him.

The drawings illustrating this paper have been made under my
supervision by Babu D. N. Bagchi, one of the talented artists of the
Zoological Survey. I am greatly obliged to him for the care that he
has taken in this work, and for the fidelity of delineation that he has
displayed.

Following the accepted arrangement, as also for purposes of con-
venience, I have divided mayflies into three groups, the Ephemeroidea,
the Baétoidea and the Heptagenoidea, giving each of these the rank of
a sub-order. The present paper deals with the first-named sub-order.
The plan of breaking up into parts a work of a monographic nature is
often unsatisfactory in so far as repetitions are sometimes unavoidable,
and some important points are often likely to be left out. I have tried
to overcome the former difficulty in at least so far as references to litera-
ture are concerned, by omitting a complete bibliography from the present
paper, and by giving only the most important references. I hope to Le
able to give a complete bibliography in my last.paper.

Under the title “Indian Ephemeroptera ”’ I have, for the most part,
included mayflies from the territorial limits of India, including in it
Burma and Ceylon. Two species from Mesopotamia have also been
included, chiefly because they happentobein an Indian collection, wiz.,
that of the Entomologist at Coimbatore. Another species from Borneo
preserved in the Indian Museum collection has also been included.
Though there is a large collection of mayfly nymphs in the Indian
Museum, in the present paper I have restricted myself to imagos and
subimagos only.

I have provided analytical keys wherever it has been practicable,
but in most cases these have been wholly or partly adopted from the
works of previous authors.

In the descriptive parts of the paper I have employed the most
commonly used terms. In spite of the extensive work on wing venation
by Comstock, Needham, Miss Morgan and Tillyard, the question-
of the nomenclature of the different veins of the Ephemerid wing is
yet far from settled. The arrangement adopted by Haton and earlier
workers is perhaps more convenient for descriptive work than the system
laid down by Comstock and Needham and amplified or amended by
later writers, including Comstock himself, but the homologies with wing
venation in other orders of insects that this arrangement represents
are not generally accepted by the present-day entomologists. I have,
therefore, thought it best to follow Comstock and Needham’s system.
I have gone into this question of wing venation somewhat more fully
in another part of this paper.

In describing colouration I have used the names of different shades
and tints as given and illustrated by Ridgway.! Unless standard

! Ridgway, Color Standards and Color Nomenclature : Washington (1912).
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colour names referrable to some easily obtainable standard work are
used in describing insects the confusion now prevailing in systematic
work on several orders of insects will continue as at present or perhaps
become worse in course of time.

MATERIAL.

The major part of the collection dealt with by me is preserved in
spirit, while insects in some of the older collections are pinned. Like
several other workers I also find small insects like the mayflies, especially
the smaller species, keep better in spirit than when pinned. In many
old collections it is a common experience to find that many insects have
vanished from the cabinets, only the.pins and the labels or at most
fragments of the body remaining behind. This i1s due either to the
ravages of cabinet pests or to the shaking and handling that the collec-
tion receives. Professor J. G. Needham is also of the same opinion,
for in one of his letters to me he writes  Mayfles should not be pinned,
at least, the smaller ones should not. They vanish from the pins as if
by evaporation, falling away bit by bit, and soon only the pins and
labels remain. When I went to Cambridge, Mass., to study Hagen’s
types of mayflies, I found them nearly all represented by bare pins. I
keep my own in alcohol, and when prepared for study, on slides, with
only a few pinned ones for comparison with the remnants in other con-
ventional collections.”

HisTORICAL.

Comparatively little work has been done on the Indian mayflies.
Walker’s descriptions (1853) of certain Indian and Cingalese species,
in his ““ Catalogue,” are, as is the case with most of his work, very meagre
and it is difficult in many cases to recognize definitely the forms that
he has described. Eaton’s ‘“ Rewistonal Monograph ” (1883) of the
world species contains an account of all the then known Indian may-
flies, and is to this day the standard work on the subject. In this
monograph are included all of Walker’s species, and in several cases
the descriptions have been amplified. Some of Eaton’s other papers
also, notably those published in the T'ransactions of the Entomologicol
Society of London, contain references to Indian mayflies. In 1892 this
eminent entomologist (1892a) described in the Journal and Proceedings
of the Asiatic Society of Bengal some mayflies belonging to the Indian
Museum, which are still preserved in our collection. Prior to the publica-
tion of Eaton’s famous monograph Hagen (1858, 1859) in a couple of
papers published some notes and descriptions of some Cingalese mayflies.
Needham in 1909 in his account of the Neuroptera of the Indian Museum
included some Ephemerids also; in this paper he redescribed Walker’s
Caents perpusille that had been very inadequately described before.
Banks in 1914 gave in the Records of the Indian Museum a short account
of the mayflies that the Zoological party attached to the ALor Expedi-
tionary Force had brought back ; in the same year (1914b) he described
in the Proceedings of the Academy of Natural Sciences of Philadelphia
two Ephemerids from Ceylon, one of which Anagnesia greeni is believed
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to be synonymous with Pictet’s Polymitarcys indicus. In 1920 Gravely
revised the Asiatic species of Palingenia (s. 1) and described a new
species from Sarawak. Recently Lestage (1923) has revised the world-
known species of the Palingeniidae, and has formed two new genera,
one based on Morton’s (1921) Palingenia mesopotamica from Mesopotamia,
and the other to accommodate an insect from New Guinea. He gives in
this paper good analytical keys for the identification of various genera
and species of this family.

Of recent authors dealing with Oriental mayflies Ulmer and Lestage
are perhaps the most prominent. During the last few years these two
entomologists have written several valuable papers on this group of
insects. Pictet’s (1843) description of Polymitarcys indicus from the
‘“ Bast Indies” is about the oldest account of an Oriental mayfly.
Walker, Hagen and. Eaton, the last in his Revisional Monograph, have
also described Oriental species.

Of publications not dealing exclusively with Oriental forms Eaton’s
memoir cited above is indispensable to all workers on mayflies. Ulmer
(1920) in Stettiner Entomol. Zeitung has given very useful keys to the
families and genera of mayflies, and has included references to all the
known species that he considers valid. The keys are in most cases
easy to work, and the references to species are reliable and accurate;
the practical usefulness of this work cannot be too highly estimated.
Lestage’s revisions and notes are also very useful ; his notes on Eaton’s
Monograph (1924b) bring the latter work up to date.

Comstock (1899 and 1918), Needham, Miss Morgan (1912) and
Tillyard (1923) have done a great deal of work on the wing venation
of mayflies and Miss Morgan’s paper (1913) on the * Biology of Mayflies ”
is an interesting study of the habits and life-cycle of these insects. The
last mentioned paper also includes a very useful bibliography of the
biological, morphological and the more important systematic works
dealing with mayflies. For descriptions of larvae and nymphs Eaton’s
Revisional Monograph is still the best work on the subject, while
Needham (1905, 1917-18) and several other authors also have made
useful contributions to this branch of study. Lestage (1921) in his
paper in the series ““ Les Larves et Nymphs Aquatiques des Insectes d’
Europe ” has described all the Kuropean nymphs and has figured
several of them. He has included in this paper keys for the identifica-
tion of the European nymphs which are very useful.

WiNG VENATION.

Though a considerable amount of work has been done on the wing
venation of mayflies the homologies of some of the veins with those in
other orders of insects are far from definitely established. The earlier
notation as adopted by Eaton (1883) and several other workers need
not be considered in any detail, for the homologies of several important
veins that this system represents are not accepted by any of the present-
day entomologists. Leaving, therefore, Eaton’s notation out of con-
sideration, the system of vein nomenclature that has so far received the
largest amount of recognition is the one originally expounded by Com-
stock and Needham (1899).
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According to Comstock and Needham the “ intercalary ” veins which
have been considered to be such a characteristic feature of mayfly wings
are of course present. The radial sector (Rs) is well developed, and
forms, after forking twice, four branches Ry, R;, R, and R; The radius
(R) is a separate vein and its trunk forms the anterior R,. The
media (M) is supposed to be rather poorly developed and forks only
once, and, with an intercalary vein lying in the fork, has three branches
M,, My, M,. The cubitus (Cu) is a strong vein, often strongly curved
and divides once. This has also an interpolated vein in its fork. The-
three anals (1A, 2A, 3A) are well developed and distinct. No account
was taken by Comstock and Needham of the small veins lying behind
the third anal, or of some of the intercalary veins lying in the complex
radial sector system. The results, as briefly mentioned above, of these
two American entomologists were based not only on an exhaustive
study of the adult wing, but the tracheation of the nymphal wing-pad
was also taken into account. In fact Comstock and Needham are the
earliest workers who, in studying the wing venation of mayflies, took the
tracheation in the larval wing-pads into consideration. Ixcellent asthe
results of these two eminent entomologists are, they, as pointed out by
Miss Morgan (1912), unfortunately studied only those wing-pads in
which the bases of the radial and medial (according to Miss Morgan,
but radial sector according to these authors) tracheae were closely
approximated. They were thus led to interpret as Rs a part of the
complex media (as understood by Miss Morgan : vide infra).

I have given in the accompanying table and illustration (pp. 98, 99)
a comparative statement of the different principal notations that have
been used or are being used at present in describing mayfly wings.

Following upon Needham’s discovery (1903) of the crossing over of
the radial sector in certain dragonflies Miss A. H. Morgan (1912) took
up the study of wing venation in mayflies. She studied in great detail
the tracheation in the wing-pads of nymphs belonging to a large number
of mayfly genera, and offered an interpretation which brought the vena-
tion of mayflies in a line with that of Anisopterous dragonflies, in so
far as the crossing over of Rs is concerned. She believes that what
Comstock and Needham considered to be Rsis really a part of the com-
plex media. The latter vein is greatly developed and has four branches
besides a large nuraber of interpolated veins. The radiusis unbranched ;
the radial sector is a small almost insignificant vein which has shifted
its position and instead of being attached to the radius, as should be
expected, it has been stranded on to the first branch of media (M,),
thus altogether losing its connection with the parent stem—the radius.
In no adult mayfly can one see this supposed Rs to be connected with R,
and only in some nymphs of one genus did Miss Morgan find this connec-
tion to be actually existing. It must, however, be pointed out that in
most wings the supposed radial sector shows near its proximal end a
strong upward curving thus suggesting that it may have once been
connected to the radius. The cubitus and the three anals, according
to Miss Morgan, are exactly as Comstock and Needham described them,
The evidence in support of Miss Morgan’s view regarding a shifting of
the radial sector is, however, far from conclusive, and she herself no
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doubt was fully aware of the weakness of her position for in describing
this problematic vein she called it Rs ? In fuct the fundamental princi-
ple which no doubt influenced Miss Morgan in arriving at these conclu-
sions—the supposed shifting of the radial sector in certain dragonflies
—is now strongly challanged by Tillyard and others. Whatever views
one might hold regarding Miss Morgan’s conclusions one cannot help
admiring her painstaking and thorough work.

~ Comatock in his “ Wings of Insects” (1918) and more recently
in his “Introduction to Entomology ” (1924) has agreed with Miss
Morgan’s conclusions. He has no doubt that Miss Morgan’s Rs? re-
Presents the true radial sector of other insect wings. He has also given
nameisl to some of the intercalary veins that Miss Morgan had left un-
named.

Tillyard (1923) in an admirable piece of work based on an exhaustive
study of the fossil wing of the mayfly Protereisma sp., as also that of some
nymphal wing-pads, has recently expounded a new notation altogether
different from any previously in vogue. From a study of dragonfly
wings and by homologising the veins in the wing of mayflies to those
of the dragonfly wing he has been able to lay down a plan which brings
bhe wing venation of mayflies more or less in a line with that in other
insects. In the first place Tillyard does not believe in the presence
in the mayfly wing of any intercalary veins. In Protereisma all the
veins branch off from the main trunks, and Tillyard believes that the
discontinuity of the so-called intercalary or interpolated veins has
been brought about by absorption of the basal connections with the
trunks, of which these are the true branches. In the second place the
anal area or the clavus in mayfly wings is reduced almost to insi-
gnificance, and further the radial sector is enormously developed. What
Miss Morgan calls the media and Comstock and Needham had considered
the combined radial sector and media becomes, according to Tillyard,
the complex radial sector having four branches Ro—R;. The media of
Comstock and Ncedhain [ Praebrachial of Eaton ] has thus become a
part of the radial sector forming R, and R,. The cubitus of Com-
stock and Needham, Miss Morgan and others [ Pobrachial of Eaton]
now becomes the media, and the first anal of everybody else is regarded
by Tillyard as the cubitus, or rather its first branch Cu;, the second
anal becoming the Cuy. The third anal of previous authors is Tillyard’s
first anal, and two small almost insignificant veins near the base of the
inner margin, that everybody had so far ignored, are supposed to be 2A
and 3A. From the comparative statement given in the accompanying
table the profound changes introduced by Tillyard will be easily under-
stood. The second radial (Rg), as will be seen from the table and the
illustration, is divided into five branches, which have been given distinct
though rather perplexing names. Of these, 5Rga is Miss Morgan’s
Rs? and Comstock’s Rs.

For checking and confirming his results—as very briefly mentioned
above—Tillyard combined three different and independent methods
of study, viz.: (1) the study of the wings of fossil mayflies; (2) the
study of the tracheation in some nymphal wing-pads ; and (3) the applica-
tion of the principle of convex and concave veins. I do not propose

o)
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going into the details of his elaborate arguments, nor am I in a position
to offer a criticism of Tillyard’s conclusions, for besides studying the
tracheation in the wing-pads in about half a dozen genera of Indian
mayfly nymphs I have not studied the question of wing venation in
mayflies from any of the three aspects from which Tillyard has approa-
ched it. My own observations, scanty though they are, agree more
with Miss Morgan’s conclusions than they do with Tillyard’s. In no
adult mayfly wing and in very few nymphal wing-pads does Tillyard’s
Rs appear to form a connection with the radius. In some genera Rs
(as interpreted by Tillyard, or by Comstock and Needham as well) near
its base lies very close to R but in no recent adult mayfly does it appear
to branch off it. In the hind-wing this appears to be even more well
marked than in the fore-wing. In the Permian mayfly Protereisma,
however, the radial sector (Tillyard’s) at its base lies so close to the
radius that it appears to arise from it. The same is observable in the
“nth” instar of Ameletus ornatus, as figured by Tillyard. But even
in these cases it is very difficult to say whether the two merely lie close
together or are really a part of one stem. In “(n + 1)th” and later
instars of Ameletus, however, the radius and the radial sector lie apart
from each other.

The triadic branching of the main vein stems by which, according
to Tillyard, it is assumed that a positive vein, for instance in dividing,
forms two positive branches and one negative between these is an ingen-
ious way of explaining the alternating arrangement of convex and con-
cave veins.

Tillyard’s conclusions, though one may not entirely agree with them,
are based on an intensive study of wing venation and are likely to
rank always as a very important contribution to the question of the
homologies of different veins in the mayfly wing. They have not been
before the scientific world long enough to have evoked criticism or
confirmation from many entomologists, though sume workers on mayflies,
notably Lestage (1924) among them, have already adopted them. In
the succeeding pages I have followed Comstock and Needham’s system
originally expounded in their “ Wings of Insects.”” 1 have done this
not because 1 think that this system represents the correct or the most
nearly correct homologies with other insect groups, but because I am
unable to subscribe fully to either of the. two later systems—Miss
Morgan’s or Tillyard’s. Comstock and Needham’s notation has at least
one advantage over the other two systems, that it is older and has
been extensively used in descriptive work. Until the homologies of
veins in mayfly wings are definitely decided I think it will save further
confusion if one sticks to an old and commonly used system.

SYSTEMATIC ACCOUNT.

The history of classification given by Ilaton (1883) extends back
to the days of Linnaeus when all the known mayflies were arranged-in a
single genus “‘ X phemerus ” with two sections, one for species with two
caudal setae, and the other for those having three. In his most valuable
paper entitled “ Ubersicht iiber die Gattungen der Ephemeropteren,
nebst Bemerkungen iiber einzelne Arten ”” Ulmer (1920), besides giving
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an up-to-date classification of the mayflies of the world, gives an interest-
ing account of the classifications adopted by writers from the time of
publication of Eaton’s famouvs Revisional Monograph to his own day.
At that time and even to a considerably later period mayflies were con-
sidered to constitute only a family of the composite order *“ Neuroptera.”
Even though some of the present writers, notably Needham among
them, give mayllies a family rank only, most entomologists, however,
are agreed that they form a distinct order separable on well-defined
characters from other orders of Insecta. The order Ephemeroptera
(sometimes called Ephemeroida), according to this view, is divided into
three sub-orders, the Ephemeroidea, the Baétoidea, and the Heptagen-
oidea, each having approximately the same position as “ Group I,”
“ G‘rroup II” and “ Group III” of Eaton (1883) respectively. Accord-
ing to Katon, however, “ Potamanthus Type >’ (now the family Potaman-
thidae) was included in his “ Group II ”; it is now considered to be a
family of the first sub-order Ephemeroidea and not of the second Baét-
oidea. Kurther, Eaton placed the genus (ligoneuria in his ““ Palingenia
Type ” in “ Group I” ; now it is included in the family Oligoneuridae
in the sub-order Baétoidea. Except for these comparatively minor
changes the classification of Eaton is followed, in its broa,d outlines at
leaqt up to the present day. What Eaton called the “ Types ” have
now become the families, and thus the order Ephemeroptera is now
believed to consist of fourteen families (thirteen “ Types” of Eaton,
and the Oligoneuridae of later writers), four under the sub-order
Ephemeroidea, six under Baétoidea and four under Heptagenoidea.

In the following pages Ulmer’s classification of the order, as given
in the paper cited above, has been followed almost completely.

The three sub-orders of mayflies may be distinguished from one
another with the help of the following key :

A. 1In fore-wing cubitus (Cu) and first anal vein (14)
strongly divergent near base. [ Hind-tarsus
with only four (sometimes fewer) freely movable
segments, fifth segment, if ever present, more or
less completely united with tibia and immovable ;
venation never greatly reduced.] .. .  Ephemeroidea.
B. In fore-wing ocubitus (Cu) and first anal vein run-
ning more or less parallel near base, rarely
weakly divergent
1. Hind-tarsus with only four freely movable
segments, fifth segment, if ever present,
more or less completely united with
tibia and immovable. [ Venation some-
times greatly reduced.] . . Baétoidca.
II. Hind-tarsus with five freely movable seg-
ments. [Venation never greatly re-
duced.] . .. .. Heptagenoidea.

Sub-order EPHEMEROIDEA.

The four families into which the sub-order Ephemeroidea is divided
may be separated from one another as follows :—

A. Subcosta of fore-wing concealed in a fold of mem-
brane under radius and not visible along costal
margin except near base. [ Both wings dull,
at most translucent ; legs of female weak and
often functionless, tho-e of male well deve-
loped.] .. Palingeniidae.
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B. Subcosta of fore-wing not concealed in a fold of
membrane, fully developed and well displayed.

I Wings dull, at most translucent, sometimes

[ slightly shining in male ; legs weak, spe-

[cially in female, fore-legs of male often
long .. .. .

II. Wings shining, transparent; legs well

developed in both sexes,

1. In fore-wing third anal vein not
forked, but connected with inner
margin of wing by many oross
veins ; genital forcep of n:ale four-
segmented, basal segment small,
second longest .. ..

2. In fore-wing third anal vein forked
once, rarely connected with inner
margin by cross veins; genital
forcep of male three-segmented,
basal segment longest .. Potamanthidae.

Polymitarcidae.

Ephemeridee.

In the synoptic key given by Ulmer (1920, pp. 100, 101) the family
Ephemeridae is separated from the Potamanthidae on the character,
among others, that in Ephemeridae “ Im Vorderfliigel ist Analader 1
nicht gegabelt, sondern durch mehrere bis zahlreiche Queradern mit
dem Fliigelrande verbunden,” while in the other family the first anal
vein in the fore-wing is described as being forked once, with the cross
veins wanting. Fletcher! in his ‘‘ Tentative keys to the Orders and
Families of Indian Insects” has repeated the same statement. This,
however, is obviously incorrect as the first anal vein in the fore-wing in
both the families is not forked, and is connected in both to the inner
margin by a number of small veins. It is the third anal vein that is
forked in the Potamanthidae and is not forked in the Ephemeridae, and
is connected with the wing margin in the latter family, while it is not so
connected in the former.

Family PALINGENIIDAE.

In his “ Ktude sur les Palingeniidae” published in 1923 Lestage
(1923a) gives an excellent account of the insects comprising this family.
The historical sketch, the important features characterising these insects,
their geographical distribution and their taxonomy are all so well treated
that nothing need be added to them. In this paper the author has also
described two new genera, one Mortogenesia based on a Mesopotamian
insect already described by Morton (1921) under the name of Palingenia
mesopotamica and the other 7'ritogenesia from New Guinea. All the
world species are recorded and briefly characterised.

Gravely’s “ Notes on some Asiatic species of Palingenia ” published
in the Records of the Indian Museum also form a very useful contribu-
tion to the subject. In this paper all the then known Indian species
(including one from Mesopotamia) are dealt with, and a2 new one from
Borneo is described. Descriptions of nymphs of two species are also
given fer the first time.

Of the five genera into which this family has been divided by Lestage
vz., Palingenia (Burmeister) Faton, Anagenesia (Faton) Ulmer, Pletho.

1 }letcher, Bull. Agric. Research Inst. Pusa, No. 162, pp. 15—18 (1¢26).
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genesia Ulmer, Mortogenesia Lestage and T'ritogenesia Lestage, the first,
second and fourth are met with in the Oriental Region, while the remain-
ing two, Plethogenesia and 1'ritogenesiu, are so far known to live in New
Guinea only. ‘

The three Oriental genera of this family may be distinguished from
one another with the help of the following key :—

A. Media (M) of fore-wing forked well beyond middle
of wing ; more than one subsidiary vein present
in fork of first anal vein ; fore-tarsus of male 2}
times as long as femur. [ Genital forcep of male
6-7 segmented, basal segment very long, others
short ; hind-tarsus with a double claw. | .

B. Media of fore-wing forked before middle of wing ;
only one subsidiary vein in fork of first anal vein ;
fore-tarsus of male about as long as femur.

I. Hind-tarsus with a single claw; media of
fore-wing usually forked before forking of
radial sector (Rs); genital forcep of male
three-segmented, basal segment long,
others short .. .. .. Anagenesia.
II. Hind-tarsus with a double claw ; media of
fore-wing forked later than forking of
radial sector; genital forcep of male
seven-segmented, basal segment very
long, others short .. .. Mortogenesia.

Palingenia.

The remarkable absence of the members of this family from America
has already been noted by Lestage.

Genus Palingenia (Burmeister) Eaton.

1839. Palingenia, Burmeister, Handbuch d. Entomol. 11, p. 803 (partim).
1883. Palingenia, Eaton?, Trans. Linn. Soc. London (2) II1, pp. 23-25.
1920. Palingenia, Ulmer, Stettin, Entomol. Zeitung LXXXI, p. 102.
1923. Palingenia, Lestage, Ann. Soc. Ent. Belgique LXIII, pp. 107, 108,

According to Ilaton the genus Palingenia, as restricted by him
occurs in the ““ Eastern N. Temperate region ” only, the two species
known to him having been met with in Central Europe and the Caucasus
respectively. The range of the genus is now known to extend consider-
ably eastwards ; the Central European species has been found in Meso-
potamia also and another has been described from Seistan in Persia.

The genus, as now understood, consists of three species only : P
longicauda, the genotype, from Central Kurope and the near East; P.
fuliginosa from the Caucasus and P. orentalis, sp. nov., from Seistan
in Persia. The last named species was first described by Needham (1909)
as P. sp. (probably Anagenesia robusta %), and was later confused by
Gravely (1920) with the Central European P. longicauda. The reasons
that have led me to set up a new species for the insect from Seistan
are given in their appropriate place.

The history of this genus has been fully described by Lestage in the
paper cited above and nothing need be added to it.

1 For earlier references to this genus see the synonymy given by Eaton in this paper
upder Palingenia longicauda.
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Palingena longicauda (Oliver).

1791. Ephemera longicauda, Oliver, Encyclopedie Methodique V1, p. 418.

1839. Palingenia longicauda, Burmeister, Handb. d. Entomol. I1, p. 803.

1883. Palingenia longicauda, Eaton, Trans. Linn. Soc. (2) I11, p. 24, pl. i, fig. la.
1920. Palingenia longicauda, Ulmer, Stettin. Entomol. Zeitung LXXXI, p. 102,
1920. nec Palingenia ? longicauda, Gravely, Rec. Ind. Mus. XVIII, pp. 138-140,
1923. Palingenia longicauda, Lestage, Ann. Soc. Ent. Belgique LXIII, p. 107.

A single specimen of this cosmopolitan Central European form is
in the collection of the Madras Government Entomologist at Coimbatore.
It was collected at Karradah, on the Tigris Riverin Mesopotamia by
Mr. Y. R. Rao on 24th May, 1920. The species is perhaps fairly common
in Mesopotamia, though Gravely’s reference to ‘‘large Mayflies on the
Euphrates at about the beginning of April ”” point to those insects being
Mortogenesia mesopotamica rather than the present species. As will be
seen from Morton’s account of his mesopotamica, as also from my
notes on it (vide infra, p. 122), this species appears in large numbers
in the beginning of April; P. longicaude is not known to emerge so
early.

Through the courtesy of the authorities of the Vienna Museum I have
been able to examine a specimen of this species from Central Europe,
and find that it agrees exactly with mine from Mesopotamia. The
Mesopotamian example is a pinned male, about 18 mm. long. The
colour is very slightly faded, but agrees closely with Pictet’s coloured
picture of this species, as also with the Central European specimen. The
forcep limb of one side is broken, but the other is like that shown by
Eaton. In all respects the Mesopotamian example conforms with the
published accounts of the species. My specimen is, however, somewhat
smaller than the usual size of the species in Europe.

The occurrence of this species in Mesopotamia considerably extends
its geographical range. It was hitherto thought to be confined to * the
large rivers of middle Europe from Rotterdam to Hungary,” and the
present record from Mesopotamia extends its range eastwards a great
deal. Further, it is interesting to note that the species emerges in
Central Europe in the latter half of June or beginning of July, while
in Mesopotamia it seems to come out considerably earlier.

Palingenia orientalis, sp. nov.

(Plate VIII, figs. 1—3).

1909. Palingewia (Anagenesia) sp.? (robusta ?), Needham, Rec. Ind. Mus.
II1, p. 191, pl. xx, fig. 8.

1920. Palingenia (s. str.) 1 longicauda, Gravely, Rec. Ind. Mus. XVIII, pp. 138-
140, pl. xviii, fig. 1-4 (nymph), pl. xx, figs. 21-23 (imago).

1923. Palingl]enia sp. ? longicauda, Lestage, Ann. Soc. Eni. Beljique LXIII,
p- 108.

I have based this new species on a number of pinned male specimens
from Seistan preserved in the collection of the Indian Museum. There
are nine specimens in the collection and they are all in a poor state of
preservation. The legs and the caudal setae are missing in most of the
examples, the forcep limbs are broken, and the wings in most cases are
all but fragmentary. There is another male specimen in the Indian
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Museum collection preserved in spirit. This specimen also is in very
poor condition and the head and a part of the thorax are altogether
missing. It was sent probably along with other specimens to Professor
Needham and was returned by him named as P. sp. (? robusta).

Imago 3 (dried).—The general colouration of the body is a dirty
white varying to a shade of ochraceous buff. The head is black, but the
area between the eyes is in most specimens fuscous. The pronotum
is of the general ground tint, but the mesonotum and metanotum are
warmer. In one specimen the notum is considerably suffused with
smoke gray. The dorsum of the abdomen is ochraceous buff to ochra-
ceous tawny, with light annulations at the segmental joints. The
last two segments are considerably warmer than the rest and are almost
tawny. The venter is dirty white.

The legs and setae are missing in most of the specimens; they are
dirty white to cream in colour. The wings are transparent and some-
what dull, and have no prominent colour markings. They are a very
light shade of ochraceous buff, with opaque warm buff neuration.

In the fore-wing the arrangement of veins, as illustrated in Gravely’s
figure quoted above, corresponds more or less closely with that in the
wing of P. longicauda, as given in Eaton’s figure of it. The small inter-
calary and even the cross veins are more or less similarly disposed. The
media forks well beyond the middle and there are, as emphasised by
Eaton, two sets of longitudinal nervures proceeding in pairs to the ter-
minal margin. There are several longitudinal nervures contained in the
fork of the first anal.

The lLind-wing is also like that of P. longicauda. The subcosta is
well displayed and all the other veins are well developed. The media
forks well in advance of the middle, and the intefcalary vein (Mg) enclosed
between the two branches extends almost up to the forking point. There
are two subsidiary veins on either side of Ms. The cubitus and the
anals are also well developed. As in the fore-wing there is a large

TexT-¥16. 1.—Palingenia orientalis, sp. nov.
Legs of male, all drawn to same magnification: X 6.
a. 1st leg (incomplete). &. 2nd leg. c¢. 3rd leg.

number of small intercalaries along the terminal margin and the cross
veins are plentiful.
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The legs are broken in most of the specimens, and the fore-tarsus is
missing or incomplete in all. The fore-leg is the longest and the second
is the shortest of the three. In the first leg the femur is considerably
shorter than the tibia, and the tarsus appears to be the longest part.
The latter is probably formed of four distinct and one rudimentary
joint. In no specimen are more than three tarsal joints, exclusive
of the rudimentary one, now present, and of these the first is slightly
longer than the second, while the third is considerably shorter than
either of these. In the second leg the tibia is somewhat longer than
the tarsus; the latter is four-segmented, the proximal three segments
being subequal, and the terminal much longer than any other. ln the
hind-leg the tarsus is much shorter than the tibia ; the first three tarsal
segments are in this case also subequal, and the fourth is longer than
any other two put together. The claw is strongly developed and is
biunguiculate, the two ungues being markedly unequal.

The genital apparatus of the male has been figured by Gravely, and
his illustration shows the various parts clearly. The genital forceps
are concolorous with the posterior abdominal
region and each is formed of a long grooved
basal joint and about six or seven terminal
ones, of which the most distal are minute. The
basal joint on its inner side near the base has a
small rounded projection—not shown in Gravely’s
figure—like that shown in Eaton’s illustration
of P. longicauda. In most of my specimens the
forceps are missing or broken, but in two or
three they are fairly complete. As will be seen
from the accompanying figure (Plate VIII, fig. 3)
the basal joint is about three times as long as
all the others put together, is distinctly grooved
and seems to have fine hairs along both sides of
the groove. Besides the long basal segment
there are six well-developed joints and another
extremely reduced one. This is clearly shown
in the accompanying text-figure (fig. 2). The
penis lobes, as shown by Gravely, are fairly long
and are only slightly narrower at the apex than
near the base. Their shape, etc. is exactly as
seen in Gravely’s figure.

The setae are present in a broken condition in
only a few of the specimens. They are like
TexT-F10. 2.—Palingenia  narrow ribbons, finely pubescent throughout their

orientalis, sp. nov.
Genital forcep of n:lsltle, len%[‘tﬁ’ 0j tk
terminal region only: € ¥ 18 not kKnown.
X11. Length of body, 3 22-26 ; wings up to 256 mm.

The nymphs have been described and figured by Gravely in detail.
Type-specimen.—9417/14, Zoological Survey of India (Ind. Mus.).

Locality.—The nine pinned male specimens preserved in the Indian
Museum were collected in Seistan, Persia, by Col. A. H. McMahon of the
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Seistan Boundary Commission. The exact locality in Seistan where the
specimens were collected is not known.

As will be seen from the synonymy given above the specimens on
which I have based this new species were erroneously referred by Need-
ham in 1909 to the genus Anagenesia. That the spécimens do not belong
to this genus is evident from a study of the wing venation and the genital
forceps of the male. As shown in Gravely’s figure of the fore-wing, quoted
above, the media forks well beyond the middle ; in Anagenesia it always
divides before the middle. Similarly the genital forceps are formed of
a long basal segment and six or seven terminal ones; in Anagenesia
there are never more than three segments present. Gravely correctly
placed the specimens in the genus Palingenia (s. str.), but provisionally
referred them to the European P. longicauda. They, however, differ from
the latter species in having a duller and more uniform colouration.
The colour of the Seistan specimens has no doubt been greatly affeeted
by poor preservation, but it is hardly likely that it was ever anything
like that of P. longicauda. The wings are also considerably lighter in
colour and instead of being dull brownish or medium sepia in colour
are almost dirty whitish. Further the penis lobes in the European species
are markedly constricted near the tip, while in P. orientalis they are
more or less of a uniform thickness, showing only a very slight con-
striotion near the apex.

The type-specimen seems to have been examined by Professor
Needham and bears a label in his hand-writing “ Palingenia sp. sub-
genus Anagenesia Eaton.”

Genus Anagenesia Eaton.

1883. Anagenesia, Faton, Trans. Linn. Soc. London (2) I1I, pp. 256—28.
1920. Anagenesia, Ulmer, Steitin. Entomol. Zeitung LXXXIT, p. 102.
1923. Anagenesia, Lestage, Ann. Soc. Ent. Belgique LXIII, pp. 108, 109.

As mentioned by Eaton the genus Amnagenesia occurs in the * Indo-
Malayan region and Irkutzk.” All the species so far known are from
the same region.

In all 8 species have been definitely included by Lestage in this genus,
out of which only three occur in India. Of these A. lata can be easily
recognized by its dark brown wings and body, and by the fact that the
two terminal joints of the male genital forcep are subequal. A. robusta
is of about the same size as 4. lata, but the body and wings have a very
light colour and the last segment of the genital forcep is longer than the
one preceding it. The third, 4. minor, is a distinctly smaller insect
and has a light colour more or less like that of 4. robusta, but the
posterior abdominal tergites have a characteristic clouding of gray,
which is better seen in the female than in the male. A. picta, a Bornean
species described by Gravely from specimens preserved in the Indian
Museum, is also large, and has the body coloured reddish brown (slightly
comparable to the warm sepia of A. lafa), but the wings are dirty
whitish with the costal margin infuscate.

With the help of the key given by Lestage, in the work quoted above,
these species can be easily distinguished from one another as also from
other species of the genus.
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Of the three Indian species, 4. lata and 4. robusta are so far known
from Assam only, while 4. minor seems to be *‘ very widely distributed
over the Indian Empire,”’! examples of this form having been met with

in Bengal, Bihar, Burma and Karachi (?).

Anagenesia lata (\Walker).

(Plate VIII, figs. 4—6).

1853. Palingenia lata, Walker, Brit. Mus. Catal. Neuropt., part 111, p. 550.

1871. Palingenia lata, Eaton, Trans. Ent. Soc. London, p. 63, pl. iii, fig. 18.

1883. Palingenia (Anagenesia) lata, Eaton, Trans. Linn. Soc. London (2) III,
p- 26, pl. i, fig. 1b.

1892. Palingenia lata, Eaton, Journ. As. Soc. Bengal LX, p. 407.

1920. Palingenia (Anagenesia) lata, Gravely, Rec. Ind. Mus. XVIII, p. 140, pl.

xx, fig. 17.
1920. Anagenesia lata, Ulmer, Stettin. Entomol. Zeitung LXXXI, p. 102.
1923. Anagenesia lata, Lestage, Ann. Soc. Ent. Belgique LXIII, p. 108.

This species is known from Sylhet and Sibsagar in Assam and is
represented in the Indian Museum collection by a number of pinned
male specimens from the latter locality. All the specimens have been
examined and named by Faton and are in a good state of preservation.

Eaton’s descriptions of the species (1871, 1883 and 1892) are adequate
for its proper determination, and his figures, as also one by Gravely
(1920), illustrate the different parts quite accurately.

The species is easily recognized by the brownish colour of the body
and wings. The thorax and parts of the head are vandyke-brown to
warm sepia, but the wings are considerably lighter. At the present
time they are more snuff brown than light vandyke-brown as described
by Eaton. Inthe fore-wing the costal region is considerably warmer,
and the first three longitudinal veins and the great cross vein are vandyke-
brown. The remaining longitudinal nervures and the cross veins in the
basal half of the disc of the fore-wing are lighter in colour. The cross
veins in the distal half of the disc are almost whitish. The venation is
like that figured by Iiaton, though the small veins near the terminal
margin seem to be somewhat reduced.

The eyes (Plate VIII, fig. 4) of the male are somewhat distantly
vlaced and are blackish in colour ; the ocelli are brownisk encircled with
black.

The abdomen is russet, with the posterior ends of the segments
vandyke-brown. The last three segments are considerably warmer in
colour than the rest of the abdomen. The venter is light tawny.

The legs are exactly like those described by Eaton, and the hind
tarsus, as in other species of the genus, has a single claw. The proportion
of the different segments forming the fore- and the hind-tarsi is clearly
seen in the accompanying text-figure 3.

The genital forreps are light brown in colowr and are composed of a
large ventrally grooved basal joint, about three times as long as the two
terminal ones put together, and have a fairly prominent projection
at the inner side of the proximsal end. The two terminal joints are

1 Gravely, Rec. Ind. Mus. XVIII, p. 143 (1920).
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subequal in length and the ultimate one tapers somewhat distally.
The penis lobes have the usual shape, are rather short and thick set,

TEXT-F16. 3.— Anagenesia lata (Walker).
a. Fore-tarsus of male: X 16. b. Hind-tarsus of male: x 16.

triangular in shape, broad at the base, and narrow at the apex, where
a constriction marks off the terminal portion.

The setae are as described by Eaton, and the median seta is rudi-
mentary and very small.

The Q is not known.
The largest specimen from Sibsagar is slightly over 22 mm. long,

with the wings and setae of the same proportionate length as given by
Eaton.

The nymphs of this species are not known.

The species is so far known to occur in Assam only, and has been
collected at Sylhet and Sibsagar. The specimens collected at the latter
locality by the late Mr. 8. . Peal are preserved in the Indiun Museum.

As remarked by Eaton, this is the only dark-winged species of Ana-
genesia so far found in India. /nagenesia picta Gravely (vide infra,
p. 119), a Bornean species, has the costal margin of the fore-wing infus-
cate, but the general surface is whitish.

Anagenesia robusta (Eaton).

(Plate VIII, figs. 7—-10).

1892, Palingenia robusta, Eaton, Journ. 4s. Soc. Bengal LX, pp. 407, 408.

1920. Anagenesia robusta, Ulmer, Stettin. Entomol. Zeitung LXXXI, p. 102.

1920. Palingenia (Anagenesia) robusta, Gravely, Rec. Ind. Mus. XVIII, pp.
140—143, pl. xx, figs. 19, 20.

1923. Anagenesia robusta, Lestage, Ann. Soc. Ent. Belgique LXIII, p. 108.

Like the preceding species 4nagenesia robuste is so far known to occur
in Assam only. The two specimens on which Eaton based his original
deseription were collected in Cachar, and cne of these is still preserved
in the Indian Museum collection. This specimen is at present ir an
imperfect condition, the abdomen being altogether absent, and the legs
and wings broken. DBesides this there are two pinned males, and a
number of males and females in spirit in the Indian Museum collection.
All these specimens are in good condition.

The colouration of the male has been accurately described by Eaton
and nothing need be added here. The eyes are almost pitch black and
are placed somewhat remote from one another. The ocelli are encircled
with black. ‘'l he wing venation is more or less like that of A. lata, but the
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smaller subsidiary veins and the cross veins near the terminal margin
are almost transparent, so that in transparent slide mounts the wing
membrane near the terminal margin appears to be almost entirely
devoid of small veins. In pinned specimens, however, there are clearly
seen to be a large number of veins in this area. In the hind-wing the
costal projection is not very prominent, and the vepation is ample.
The media forks quite close to the wing base, and the anal area is rather
poorly developed.

TE X7-¥16. 4.—Anagenesia robuste (Eaton).

Legs of male, all drawn to same magnification: X 12,
a. 1st leg. b. 2nd leg. c. 3rd leg.

The legs are poorly developed in both sexes, but in the female they are
far more reduced than in the male. In the male fore-tarsus the segments
are as described by Eaton, but in the second and third tarsi the first
segment is almost entirely suppressed, the second, third and fourth
are more or less subequal, while the fifth is the longest. All the tarsi
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are shorter than their respective tibiae, the first and the second tarsi
being only slightly so, while the hind-tarsus is about half as long as the
hind-tibia. The first leg is biunguiculate, the two ungues being nearly
of equal length ; the second and the third legs each have only a single
unguis.

The male genital apparatus is like that of the preceding species.
The genital forceps are slightly darker in colour than the venter, and
have the usual shape. They are formed of a large ventrally grooved
basal segment, having a prominent projection near the base, and two
small terminal joints about two-fifths as long as the basal. Of the
terminal segments the last is distinctly longer than the one preceding it,
and, as shown in the figure (plate VIII, fig. 10), is sometimes subdivided
in two. Of the two secondary segments thus formed the proximal one
is distinctly shorter than the distal. This fact has also been mentioned
and illustrated by Gravely (op. cit., p. 141, pl. xx, fig. 20). The penis
lobes are like those of A. lata.

The caudal setae are long and ribbon-like and are densely pubescent.
The rudimentary median caudal seta is much better developed than in
most other species and is easily visible.

The female imago of .4. robusts is considerably darker in colour than
the male. The head is much warmer in colour, and is almost bister
brown. The eyes are blackish-slate and the ocelli are whitish encircled
with black. The notum is raw umber, and the mesonotum has a number

TEXT-FI16. 5.—Anagenesia robusta (Eaton),

Legs of female, all drawn to same magnification: x 12.
a. 1stleg. b. 2nd leg. c. 3rd leg.

of dark dusky streaks. The dorsum of the abdomen is extensively
suffused with light dusky brown, and the last three segments are coloured
almost uniformly in that shade. The sides, venter and the wings are
as in the male.
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The legs are greatly reduced. The comparative atrophy of the legs
in the two sexes is clearly brought out in the accompanying text-figures
4 and 5, where legs of a male and a female imago of about the same size
are drawn on the same scale. The part most reduced in the female
leg is the tarsus, and the reduction has gone so far that even the segments
composing it are hardly demarcated. In the fore-tarsus the segments
are more or less distinet, but in the hinder tarsi most of the lines of
demarcation are to some extent obliterated. The claw is very poorly
developed in all the tarsi, and appears to be uniunguiculate. The tarsi
are considerably shorter than their corresponding tibiae.

The wings and the setae are as in the male.

A. robusta is a large species, some of the males being as much as 28
mm. long with the caudal setae about 70 mm. The wing is about 24 mim,
long. The female appears to be somewhat smaller, the hody and wing
in the specimens I have seen not generally exceeding 26 and 21 mm.
respectively. The setae in all the three females appear to be bruken,
but they are considerably shorter than those of the male insect.

The nymphs have been described and figured by Gravely.

Type-specimen.—5941/14, Zoological Survey of India (Ind. Mus.).

Locality.—'The species is so far known to occur in Assam only ; Eaton’s
type-specimens were collected in Cachar, and those described bv Gravely
come from Nazira on the bank of the Dikho River near Sibsagar. The
exact locality in Cachar where the type-specimens were collected and
the name of the collector are not known. The Dikho River examples,
two pinned and six spirit males, three spirit females and a number of
nymphs of both sexes, were collected by Mrs. E. 8. Maxwell at about
the end of October in 1913 and 1919. All the specimens collected by
Mrs. Maxwell as adults were males ; the females were caught as nymphs
and hatched in captivity. Tle type-specimen is, as already mentioned,
in a fragmentary condition.

A. robusta is easily recognized from the remaining large-sized species
of the genus by the light colour of its body and wings. The preceding
species, as also A. picta (vide infra, p. 119), are of about the same size
as . rcbusta, but both are of a distinctly warmer colour. This species is
further distinguished from the other two on account of the last joint
of the male forcep being longer than the penultimate ; in 4. lata the
two joints are subequal, while in .. picte the last segment is shorter than
the one preceding it.

Gravely’s notes on the biology of the species, based chiefly on
information supplied by Mrs. Maxwell, are very interesting. Large
numbers of individuals are said to *‘ emerge annually at about the end of
Qctober, and for three or four days float down the riverin countless
millions. The natives say that they also appear on other rivers, such
as the Desoi, Desang and Dihing, and that they come out at and under
the edge of the water in the shallows after the rivers have left the hills
and where they run through silt only ; hut Mrs. Maxwell says that so far
as she knows they do not occur on rivers actually rising in flat districts,
The natives believe that until they have appeared there is always a
chance of further floods and consequently it is no use building the
temporary bamboo bridges which they put up every cold weather until
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‘these ‘ pani-pooka ’ (water insects) have gone. The caudal appendages

of the males were 3 inches long and semi-transparent when fresh. 7The
insects are so light and hollow that they cannot be kept under water ;
when just out they are white and creamny and look like foam when hlown
together by the wind.”

Anagenesia minor (Eaton).

(Plate VIII, fig. 11, plate IX, figs. 1—4).

1892. Falingenia minor, Eaton, Journ. As. Soc. Bengal LX, p. 408,

1920. Anagenesia minor, Ulmer, Stettin. Entomol. Zeitung LXXXI, p. 102.
1920. Palilnge;:'it;i (A;ngenesia) minor, Gravely, Rec. Ind. Mus. XVIII, p. 143,
1923. Aatggie:egiagr;zinx;r, Lestage, Ann. Soc. Ent. Belgigue LXIII, p. 109.

Anaygencsia minor was described by Eaton from one specimen collected
at Nattor in Kastern Bengal, and two labeled “ Karachi Mus.”, but
the provenance of which is not known. Gravely later referred two more
specimens to this species, one from Sara Ghat in Bengal and the other
collected in Upper Burma. Katon’s “ Karachi Mus.” specimens, which
I regard as the types, are in the Indian Museum collection, and are in
rather a poor state of preservation. They were in a “ much damaged ”’
condition at the time Eaton described them, and age has in no way im-
prov