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STUDIES ON THE BIOLOGY OF STONEFLIES

I. GENERAL INTRODUCTION

The periodic occurrence of adult stoneflies in temperate and
northern latitudes is a well=known phenomenon. Studies on, the
ecology and general life-histories of this group of insects have
been made by various authors (e.g. Hynes 1941, 1958, 1961, 1962;
Brinck 1949; Illies 1952; Rauser 1962, 1963). The effect of
environmental conditions such as temperature on the growth of many
specises has also been discussed by these authors. Brinck (1949)
mentioned that most stoneflies in southarn Scandinavia pass the
summer in stages (egg and ﬁmmuae) which are resistant to high
temperatures and a small amount of oxygen. Hynes (1961, 1962)
showed that in many species, the period during which very small
specimens can be found is much longer than the flight period. He
ﬁs&ggeated the “possibility of a delayed hatching of some eggs as has
been observed in the Ephemeroptera by Macan (1957) and later con-
firmed by Illies (1959) from laboratory studies on the hatching of
the eggs of Baatls apn. A corollary to the above phenomenon is the
occurrence of a short flight period in species which show a prolonged
hatching period as well as in soms of those which do nots Various
h&ﬁgthesas as to the cauaeﬁs of short emei-gence pei-iods have been put
fofward by authors dealing with diffe;jerit groups of aquatic insects
(e.g. Ephemeroptera: lde 1935, Beskot 1953, Macan 19538; Plecoptgra:

Hynes 1962; Odonata: Corbet 1954, 1956). ~ Corbet has shown from
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experimental studies that the changing photc;period is involved in the

seasonal regulation of the dragonfly, Anax imperstor, but as regards
the Flecoptera (and the Ephemeroptera) no studies have previously
been made to investigate the factors influencing seasonal periodicity
and the various phenomena assocliated with it.

The absence of such investigations is due largely to the insufficient
information that can be derived from fleld data reégarding the early
'stages of the life-cycles of these insects. The length of adult-life
and the egz-laying habits of stoneflies are still largely unknown and

the period during which egg-laying occurs in nature cannot be determined
just from the gresence of adults at certain times of the year. Again
very little is known about the biology of the eggs or of the early

stages of stoneflies and it is therefore difficult to say whether the
occurrence of small nymphs for a greater part of the year is due to
delayed hatching of some eggs or to delayed growth of the nymphs.
Delayed hatching of some eggs or delayed growth of young nymphs could
be due to the immediate effects of unfavourable environmental conditions
resulting in a general retardation of growth and development or to the
ability of the species conderned to undergo diapause as :distinct from
quiescence. A deteiled analysis of field data is therefore dependent
upon a direct study of these aspects of stonefly biology. 1t is also
from such studies that some of the factors influencing the seasonal
perlodicity of stoneflies and the various phenomena correlated with it

could be usefully ascertained. It was on this premise that the present
laboratory and field 'mvestigatioﬁs were cari'ied out. During the course

of this research it was observed, for the first time, that several
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specles of stoneflies showed the phenomenon of diapause and preliminary
gtudies were carried out to investigate the factors influencing diapause

in some of the species concerned.
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II., LABORATORY INVESTIGATIQNS
1. Introduction = °
Previous studies on the blology of stoneflies have been based

mainly on field investigations and very little work has been done
in the laboratory. There have been a few random records on the

incubation periods of the eggs of severzl species but the attempts
at rearing the newly-hatched nymphs in the laboratory have not
been very successful. The difficulties which the early workers
found in rearing of the eggs and the newly-hatched mymphs under
laboratory conditions have resulted in a big gap :Ln our knowledge
regarding the early stages of stoneflies. Much work, however,
has been done in rearing full-grown nymphs to maturity in order
to correlate the lmmature stages with the adult insects. The
important studies by Hynes (1941, 1958, 1963a, b) and Brinck
(1949) have contributed immensely towards the taxonomy of the
nymphs of stoneflies occurring in Britain. Hynes (1941, 1942)
and Brinck (1949) studied in detail the feeding habits of stonefly
nymphs and adults and the results of these investigations now
provide .sufficient information for the rearing of stoneflies in
the laboratory. The present laboratory studies are divided into
3 sections, namely, the adults, the eggs and the nymphae' |

For the 1aboratory investigations, a cold room' (eppmximteh

6 x 6 x 7 feet) in wh.ich the temperature and 1ight perioda could |
be regula.ted to simnlato the conditions in the stream ‘was used.
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The temperature was adjusted about once a fortnight according
to the average of the stream temperatures measured during each
period at the two stations in River Terrig where many fleld

studies were carried out. The source of light was an ordinary
100 W lamp connected to a time-switch and the photoperiod was

adjusted once a week to correspond to that experienced in Manchester
at that period..

The studies on the blology of adult stoneflies, particularly
the length of adult-life and the egg-laying habits, were carried
out by keeping them in the manner that has been described by Hynes
(1942). The adults were obtained by collecting fairly mature
nynphs from various localities in North Wales and then rearing
these nymphs in enamel pie-dishes in the cold room. Whenever
possible, the adults that were collected from the fleld were also
kept for study. Pairs of adults were Eépt and allowed to mate -
in 1" x 2 in. tubes, the bottoms of which were covered by wire
we. - Into each of these tubes were inserted a blodb of cotton
wool soaked with water and'a twig covered with green'algae. - -
Larger tubes: were used for the larger épecies .*i The adults were
kept in.the.cold room but they were brought out daily for a few
.- The adults mated,

5 R

hours into room.temperature and then ?etui'ned.
fed (in the case of the Filipalpia) ‘ap;drank;vﬂery*weg, under
these conditions. ‘The tubes were *regu.;l.’arly_i examined and whenever
necoasary. the adults were tranferred to new tubes with fresh tidgs
- and eotton wooi.; Very often it was mcess;ry -to_keep the fémles,_
in separate tubes after mating in order to avoid t.h: cgmtant B
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harrassing by the males which may occur even when the females

are in the process of egg-laying. Egg-laying usually occurred
goon after bringing the adults out into room temperature. Adults

that were observed to extrude eggs were allowed to oviposit by
transferring them into new tubes containing a plece of twig and
then inverting these tubes onto petri-dishes contain:l.ng stream

water. Although most of the species successfully extruded and
deposited their eggs under these conditions it was found necessary

to induce egg-extrusion by some specles, such as Nemoura cineres,
Leuctra nigra, Nemurella picteti and Capmia bifrons by first
inverting the:’; tubes containing these adults over a petri-dish
of water, Ihos&females that did not lay any eggs after some
tise were returned to their previous upright .position and the
procedure was repeated daily until they laid their eggs. Besides
the study on.the length of adult-life, observations were also made
on the mating behaviour.: - Altogether,.a total of more than one
thousand adults belonging to 25 species wdsd studied.

The emergence of.adults occurred quite satiafactorily from
nymphs kept in still water in enamel pie-dishes in the cold room.
These dishes were covered with'a glass plate to prevent the "~
adults from escaping. fStrea_.n; water bbllcc‘teaifi'oﬁ River Terrig
was used for the rearing of"th'ese* nymphs 'andigfones i’mréf*l_‘é;‘t
in the dishes to allow mature nymphs to erawl out of the water for
emergence. - The newly-emerged adults were removed dally from
these dishes.’ “The Filipalpian nymphs were fed with decaying

leaves collected from the stream or with alder or sycamore léares;
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that had been soaked in stream water. The Setipalpian nymphs

were fed mainly on mayfly nymphs.,
The eggs that were laid in petri-dishes were kept in the cold

room as well as at room temperature. It was necessary to change
the water regularly to avoid a layer of scum that tends to form
over the surface after some time. Eggs attacked by fungus were
removed to prevent the hyphae from extending to other deveéloping
eggs. 1The development of the eggs was followed by regularly

examining the petri-dishes under a monocular microscope. Camera

Lucida drawings were made of the wvarious stages of development
in the eggs of several specles.
The rearing of the nymphs through their complete life=cycles
in the laboratory was done by -keeping the newly-hatched nymphs in .
petri-dishes or enamel pie-~dishes containing stream water, some
fine detritus and ﬁieces of decaying sycamore or alder leaves.

The young Setipalpian nymnphs were fed with tiny oligochaetos
that were fairly abundant anong the decaying leavea collect.ed

from the stream., In rearing Mﬂ 11; was found useful

-----------

to "moculate" the diahes containing atrm water wit.h 80me fine

detritus and to leave then ate.nding for .one or two daya before

i
:I.ntroducing nowly-hatched nymphs. This was to let the detritus

setile firmJJ on to the bottom of the diah 80 as to provide a
hold for the mﬂu. Ohherwise y there ia a strong tendency for

the newly -hatched MPhS of C, bifrons (unlike other apecies of
atonefly) to floa.t to the 3urface of the water.ﬁ +

I-'j.. -Fn

In following through the number of instars of atoneflies,
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about 10 to 15 newly-hatched nymphs of each species were kept

individually in small vessels (e.g. 1 x 4 in, polythene caps of thbes)
so that it was possible to find the tiny exuviae. When the

nymphs were fairly large they were transferred to petri-dishes

and ultimately to enamel ple=dishes when they were ready for
emergence. Jhe nymphs were examined once every few days for

their exuviae and in this way the number of moults and the rate

of moulting were determined. The exuviae collected were then
mounted in polyvinyl lactophenol to which was added lignin pink

to stain the chitin, The increase in size between lnstars was

determined by the measurements on the length of the hind tibia
and of the whole exuviae,

L3

(a) mmm:.gn
. The biology of a.dult atoneﬂiea haa been described

3.

in varying detail by several authors. ‘ Schoenemmd “ 921.)“' |

T‘F "1." !;: -

and Kuhtreiber (1931.) he.ve written a gree.t deal about their

hh

behaviour. Hynes (1941, 1942) atudied in deta.il the _1
feed.ing he.bits and braclvpteroue condition of some specieaﬁ
at high eltitndes. Brinck (1949, 1955) he.s given very
detailed aceouets of their biolog, eapecie.lly their mating
hebits 5 and he has also discussed the phenomenon of.‘ wing-

A

polymrphism. Very 11ttle ’ however y 18 kﬁown about the

i T

’ length of adult—life and the egg-laying habita . Although

=

emphasis has been placed on t.heae two topics mention uill

¥
F Y, 1 T L 1 - .\'!' ¥ o '-r\. ! [N E‘F - bl - - *'\- - - < 1 F }'
3 o . S - e s ~
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also be made of wvarious othor aspects of the biology of
adult-stonaeflies on which observations have beon made.

(b) Emergence
The emergence of stoneflies has been described by many

anthors who have dealt with the ecology of these insects.
Hynes (1941) mentions that "small specles seem to emerge

at any time of the day or night, but it seems that the
Poerlodidae and species:of the genus P

emerge only at
night", Brinck (1949) states that the Setipalpla will
always emerge in the moraming or by night whils the hiemal
Filipalpia with an early flight perlod usuallyemerge in the
morning and those with a late flight period emerge at any

time of day. In the latter, he mentions that emergence
occurs in humid surroundings. Humidity'is considered by
Brinck to be an important factor in detormining at what -

time of day emergenee.occursfsince "the chitinous. skin becomes
hard and brittle when drying which will' check emergence®.

From the present observations in the field 1t appears that =
the smaller species usually emerge in the day, particularly
in the morning when the sun is shining, whille the larger
Setipelpie. (0.2 Wmm) ‘which migrate some
distance .t‘rom the water's edge seem 40 emerge in the night
or eerly morning. * ‘In the le.boratory y under. conditions

in the cold room, ‘emergence of the various species studied

seemad to occur at any time of the day or night. ... Here |

conditions were always humid since the nymphs weres kept in «.
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- dishes that were covered by a glass plate. The apparent
lack of a concentrated emergence to any particular time of
the day seems, however, to be due to the absence of an
appropriate stimulus in the cold room. In nature, the
varning of the water by the sun's radiation probably .acts |

as a stimulus causing the fully mature nymphs of the smaller

specles to emerge during the day. - In jshﬁer *laborator;'r, this
stimulus could be produced by bringing the dishes out of.the

'A'#cqld roon" . and placing them for a short perioed, with, the

glass cover removed, underneath a lamp at room temperature.

When mature nymphs of C, bifrons with fully or partially. ;.
black wing pads were subjected to this stimulus it was:.. . -

' pbservéd :that many of them crawled out of the water and emerged
successfully after the chitinous skins had been dried. . Several
nymphs which were.probably not ready for emergence returned
to the water after some time. Thus, 1ﬁ arppearsztha{;,the
stimulus for a concentrated emergeﬁée .of ﬁature ‘_nympha ia -
the m_::lig__._ggﬁup"c;f.. the water durix;g the day and that low humidity
18 not a limiting factor in the emréancefof_g._h;m.

This probably appiiearto the other smaller speclies as well..
Inay case, emergence in nature often occurs on'the under-

| éuff;cea of stones that protrude above ths water level and

*here the hu.mi.dit} must certainiy be quite high, - However,
hunidity and 'otl}er factors aﬁch as alr temperature may.be . -
important in determining the time of amex;gence In the larger

Setipalpia which migrate a considerable distance from the -



water's edgs.

iiiiiiiiiiiiiiiiiiiiii

It was obderved that in any one locality the adults which
emerged during the early part of the flight period tended to

be larger in size than those which emerged later. During

the course of this study, nymphs of C were collected

from River Terrig just before the begihﬁing of the flight
period and were kept in the cold room. The emergence of

adultg was then recorded. From laboratory as well as from
field investigations ;I.t was found that the emergence of this
specles occurred from February to May. The peé.k émargence
period lies, however, during M,rch and April as can be seen
from the figures in Table 1, whicﬁ shows the number Fof adults
which emerged in the cold room during the first and second
half of each month of 1962 a.nd 1963. The mean size of
adults in relation to the flight pariod, basod on a study of
145 adults which emerged in 1963, is also shown in the same
table. From tile results of ﬂ}this study 1t can be g'een‘t‘hat
there 1s a markeél decrease in the isize of the adults‘ féwarda
the end of the emergence perilod. | |

From laboratc;ry 3tudi.es ;:n the nymphs (Chapter 11, .55
it has been found that the number of instars in _.__‘ng
(and in other apec;l.es) varies. fl.hus, it is mssibié'ﬁéﬁ
these small adults might have emeiged from nymphs that had

not reached thé complement of inatars néoessary to produce
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3 *‘ Februs _ "
C T@ian @] [@ @ | @) .
6.0 mmmmm 47| Mean size in mm.
“m“mn Adults emerged ¢ '62 and '63 |
mm 743 | Mean size in mm.

ST [ o [ 1 [ smepe s

Table 1.

an average-sized anult such as ;thet founn du.ring the early
e part of the emergence period. If this is so ’ t.hen there ~
- nuet be some emironmental fectore acting on the helf-grown
nympha towe.rde the end of this period and which induce the .
| differentiation of adult characters. ~ The envircnmental
factérs likely to influence growth and developnent are
temperature and photoperiod. ‘During April and May there
are (i) a rapid rise in stream temperature and (:l.i) an
increaeinely long ;hctoperiod. of these two factors, there
is reason to believe the.t it is the increasingly long photo-
period which might be involved since, in 1963, the temperaturee
in the cold room did not rise above 10°C till the end of May.
Also, during the study on diepauee in this species (Chepter
IV) it was found that although the newly hatched nymphs were

gsensitive to both 'bemperature and photoperiod, the senaitivity
to 'Bemperature decreaeed in the later instars. It was

poseible to induce emergence of normal-gized adults as early

as September by subjecting some ﬂon-diape.uee 4th and 5th
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instar nymphs during June to summer temperatures of 14.5°C

but under a changing photoperiod corresponding to that from
October to February.

The effect of long photoperiod could also be seen in an
experiment in which some rather small nymphs, collected from
River Terrig on January 1963, were kept under conditions of
a constant photoperiod of 164 hours of light per day and under

temporatures varying daily from 4 to 12°C., It was found
that these nymphs moulted only 2 or 3 times in a period of

.14 to 2 months after which adult characters began to different-
iate. Although these nymphs did not emerge successfully the
adult aharacters were clearly visible. 1t 15 a'.lﬁ.ecr worth

pointing out the.tin these nymphs the wing pads of the females
were only partially ceveioped and had tl;ey emerged euccesefully"

the adults wo uld have been ehort—winged even though the
nymphs werse collected from a locelity where the females were

lﬁ t L3 'ﬁ'u."'l e
”

long-wing Bd .

Thus, besides the influence of enviromnentel factors on
the differentiation of adult charactere in half-grown nymphe

it is possible that brachyptery in _,_m;;m (and pro‘be.bly

also in other uing-polmorphic species of etonefly) may also-
be a reault of euch factors.

ﬂ:.erefcre, if, as a result of
low temperature ’ le.te bree.king of diapauee or compe tition for

fOOd: the DYEPhB Of .Q...Mﬁ are unable to grow rapidly
enough t.o reach the complement of inatara neceesary for an

early energence > chming environmental factors such as an
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increasingly long photoperiod might be able to induce the
differentiation of adult characters in half-grown nymphs.

In extreme cases of earlier instars this might possibly result
in the emergence of short-winged adults. However, a word

of caution must be added to the above hypothesis as the size
of the nymphs need not always be associated with the stage of
development. There may be other factors involved as well
and it has been observed that nymphs destined for diapause
were smaller than non-diapause nymphs of the same instar.

(d) Mating habita |
The females of nost of the apeciea atudied appeared to

be fairly receptive soon aftar amargence but the mﬂea of
several specles seemed to have a maturation period of a few
days before attempting to mate. If ’ howavar s the female
should be attacked by males too soon after crawling out of
the nymphal skin, aha avoids mating by curling the tip of her
abdomen upwards and by attempting to aha.ke off the males. |
Mating in tha femalea does not appaar to be dapendent upon
the maturation of the eggs.

| Iha maturation period of the malea is fairly ahort in

Boms species such as Qm:._humaa... Lemm.imm
Wm and znum.mmnmm where mting

l-hl. -

occurred on the same day as emargence. In _._bj._m matj.ng

was observed to occur about 45 ninutea after the emergence of

i—

the adulta of both aaxas.
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In Leuctra hippopus, Auphinemura sulclcollls,imphinemura
standfussi, Nemurella pictetd, Erotenemura praecox and
Chloroparla torrentium mating was not observed till 1 to 3
days after the emergence of the males.

The maturation period seemed to be longer in t_species

such as Nemoura avicularia, Nemoura cambrica, Nemoura cinerea,

Namoura exratica, Dluca bicaudata and Isgparla grammatica where
mating was observed only about 4 to 7 days after emergence

of the males.

In Igogenus nubacyly the males never attempted to mate
till 10 to 13 days after emergencs.

Inmany species, mating was observed to last from a few
minutes to several hours » but in some species such as N, erratica

and N, picteti the adults were commonly seen to be in a copulatory

|

position for as long as 7 to 8 days, and during ﬂ}j,a}pe‘;:iod’
the males were not observed to feed at all., o
Various instances of abnormal mating behaviour hé.ve been
described among stoneflies. Hynas (1941) man’;;ions that he
once saw a male W attempting to mate with a female
Leugtra nigra which had been in contact with a ready female

of G. _bifrong and he concludes that "the males seem to be attracted

only to females ready to cop:la:te . and this attraction seems
to be due to some substance extruded by the female". Brinck
(1949) states that a male C, bifrong always tries to mate
when finding a female even after she bas been dead for several

days but he mentions that he never saw a male attacking females

1
'-.
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of other specles. During the course of the present study,

#####

attempting to mate with each other. The same behaviour was
also observed in D, bicaudata. Iwo males of this specles
which were kept together soon after their emergence were
obgerved to attempt mating with each other four days later.
Observations were also made of a male P. microcephale making
several unsuccessful attempts to mate with a female 1. nubeculs.
However, such abnormal behaviour does not occur if the males
aTe allowed to mate with the females of their own species soon
after their maturation period o;if they have not been kept
separate for too long a period after a previous mating.

The drumming of the male abdomen against the substratum
as described by Brinck (1949) was also observed in several

of the species studied (e.g. I. nebuloss, C. bifrons, Leuctra

geniculats, P. microcephals). In the laboratory, drumming
was not observed if the males were allowed to mate falrly soon

after emergence, but drumming was often seen when females
were introduced into tubes containing males that had been
kapt séparatg for several days after emergence. In spite

of the drumming, the females never seemed to respond or to be
attx;acted to the males. Brinck (1949) observed the same
pattern of behaviour but he *suggesta that the females may be
stimleated by it preceding mﬁtj.ng, ~ It seems more likely,
however, th?.t this drumming of male abdomen and the various

abnormal mating habits described earlier are just an unusual




(17)

reaction of excited males that had been prevented from mating

for some time.

(e) Feeding habite _

There he.d been previously contradictory accounts
regarding the feeding of adult stoneflies (Schoenemund 19243
Kihtreiber 1934; Newcomer 1918; Wu 1923; Frison 1929, 19353
Neeracher 1910) and it was not until 1941 that Eynes showed
that the Setipalpia only drink water but do not feed as adults
whereas the Fﬂipelpia are able to drink water as well as
to feed on green algae and lichens growing on twigs and tree-
trunks., This study has been confirmed by Brinck (1949).

Hynes (1942) also showed that feeding in the adults is
an essential part of the life history of N, cinerea and he
suggests that this would appear to apply to the whole of the
Filipalpia. Brinck (1949) in his studies on Swedish stone-
flies was thus #aced with the question as to whether the

winter stoneflies such as I, nebulosa and Capnia atra, which
belong to the Fillpalpia, deifeeq;ea adults:since these
"emerge in immense numbers from large rivers and lokes

when it is still winter and no food is found in the immediate

vicinity“ He dissected the mature nymphs and young adults

of these species but found thet t.he eggs were small and undeveloped.

He concluded that the females cannot produce eggs imnediately
and that a maturation period is neceseary. However, he
mentions that the adults females of I, nebulogs must mature
rapidly since almost all the adults that had fed were found

— gy, =i s ol el




(18) !

to contain well-develbped eggss During the course of this
study it was found that the adults of 1. _nebulogs laid
viable .eggs within 24 hours of emergence (much earlier than
any other stoneflies, including the Setipalpia). Two
mature female nymphs of this species were brought back

from the field to the laboratory on the evening of 15th
March, 1963 and by the next morning the adults were found

to have emerged. These adults were allowed to feed and mate
and by the same afternoon (1.10 p.m.) both were observed to 3
| lay viable eggs. Although the adults had been feeding a
few houra earlier, it seems unlikely that this short feeding
period could have affected the maturation of the eggs, bul it
is possible that the maturation of some eggs could have | |
occurred in the last nymphal instar. I1f this is so, then i
the laying of the first batch of eggs might not necessarlly 1
be dependent upon the feeding of the adults and as such

would be of adaptive significance in stoneflies which emerge
early in the year. |

(£) Length of adult-1ife
© It 18 a ‘common statement that adult stoneflies live |

on}y for a few days but there has been little study of this
aspect of adulti-life, The only worthwhile information on
) the length of gdult-life'has been tl;;t by Hy:nes (1942) 4n

which he recoraéd a maximun le'ngth of adﬁt—Mo of 43 days

fqr a male and 50 days for a female N, cinerea under |
laboratory conditions.
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The data on the maximum length of adult-life of 25

species of stoneflies reared under conditions in ths cold

room are shown in Table 2, For N, cinerea and P, microcephalsa
) the results were based, unfprﬁunataly, on very few Speéimena

and it was not surprising that the maximum length of adult-
life recorded for the former species is shorter than that

given by Hynes (1942). The data for Leuctrs mogelvi and

Dinoeras cevhalotes were based only on adults collected from
the field while the rest of the species were based on adults

collected from the field as well as on those which emerged
in the laboratory.

From Table 2, it can be seen that adult stoneflies can,
in fact, live for a fairly long period of time. Even
among the Setipalpls which do not feed as edults, the
maximum length of adult-life recorded for several species
(Rubicaudata. L. grammatica, P. microcephals end _._nnh.sgln)
was about a month, One female L_gq_g_q_glg 1ived for as
long as 40 days. Most of the Flilpalpian species showed
e maxinum length of adult-life of about a month or more.

Adnlt females of L. hippopus, As-silcicollis, N caubrica,

iiiiiiiiiiiiiiiiiiii

P, vraecox and B, rigi showed a maximum length of adult-

1ife of about 2 months while one female of C, bifrong lived

for 83 days. However y the usual length of adult-life for

C. bifrong was about 2 months. | |
 The length of adult-life may be influenced by environe

mental factors such as temperature. Soﬁe adults of G, bifrong
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which emerged during February and early March were kept
throughout at room temperature and the maximum length of
adult-1life recorded was 30 days for a female which mated
and laid fully-developed eggs within that period. Adults
emerging during the same period but which were kept in the
cold room had a life span about twice as long. Under
conditions in the cold room it was found that the adults
emerging later in the flight period tend to have a shorter
period of adult-life than those which emerge earlier.

This was also observed in L, hippopug which, like G, bifrons,
has a fairly long emergence periéd, from February to May.

This decreasing length of adult-life towards the later parti
of the emergence period is pertly due to the increasing
temperature and partly to the type of adults since many

of the adults which emerged late in the flight period seemed
to die before egg-laylng.

(g) Egg=laving hablts
Various authors have described the manner in which the eggs

are carried and later deposited in the water. McLechlan

(1‘5&4) states that L, geniculata carries its egg-mass "from
the upcurved last segment to the base of the posterlior wings,

all along the dorsal surface of the abdomfen“.* Percival
and Whitehead (1928) and Brinck (1949) mention that the tip
of abdomen carrying the eggs curls upwards so that the egg-

mass appears apical or dorsal in position but it never
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extends along the dorsal surface of abdomen. During the
present study it was found that the first egg-batch laid

by L, geniculatg is often unusually large’ (well over 800
eggé) as ‘éomﬁm"e’d with other Leuctrs gpn. and the egg-mass
tends to be elongated rather than spherical in shape., As
such, MclLachlan!s statement is not without foundation.
Although ‘in most species the manner in which the eggs are
carried 18 fairly similar to the general pattern that has
been previously described, in Brachvptera rigi there is
an Interesting variation. In this species, the tip ;af |
abdomen is never curled np}-rarda during egg=layling but )
instead the abdomen is arched so that when the eggs are
being laid they accumulate on the concave ventral surface.
Hynes (1941) and Brinck (1949) have described the manner
in which the different species of stoneflies deposit their
eggs into the water. Although in most species the eggs
first accumulate as a mass before being de‘;*:osited yet in
N. pictetd the females were often observed to crawl into
the water to extrude their eggs. The same behavi;:ur was
also seen occasionally in C, bifrons but the adults of
this apeéies mostly extrude their eggs while abov;e the
water and later deposit them in a single mass.
Of 25 species of adult stoneflies that {.rere reared in
the laboratory only one (N, erratica) did not sucoeed in
laying eggs. It was found that the adults of most specie;

that were collected from the field extruded eggs suécessfully
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when they werekespt in tubes containing a blob of wet cotton
wool and a piece of twig covered with green algae. However,
none of the adults of C,_tripunctata, B, rigi and N. erratics
which emerged in the laboratory succeeded in laying eggs under
these conditions. In B, rjisi and N, erratica it was found
that these adults had mated and fed very well and their
abdomen were fully distended with eggs when they died.

The adults of L, niera and N, avicularig which emerged in

in the laboratory also had difficulty in laying eggs under
the same conditions. Of the 14 females of N. ayicularis
that were reared, only one extruded a batch of 1 60 eggs
after the thirty-third day of her life. Dissection of
several females which died before egg-laying showed 400

500 well-developed eggs within the oviducts. Hynes (1942)
had a similar difficulty in getting the adults of N, cinerea

to lay eggs under laboratory conditions. It was late in

this study(after all the N, erratica and N. avicularig had

died) when it occurred:to me that it might be possible to

induce the gravid females to extrude eggs by inverting the

tubes containing the adults over a dish of water as had been

done for C, bifrons. Then it was found that all 4 females
\

of N, cinereg which were treated in this manner extruded
eggs without any difficulty. One female B, nigra was also

subjected to this treatment and: ahe.mnaéed to extrude
a batch of eggs befors dying. It appears, therefore,

that the females of several species of stoneflies which had
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been reared throughout the whole of their adult-life in
captivity, need some kind of stimulus for egg-extrusion
whereas those that were collected from the field did not
seem to require such stimulus. In the case of N, cineres,
L. nigra and probably also N, erratics and N, avicularis
this stimnlus might be the presence of a body of water in

the vicinity. 1In B, risi there was no difficulty in getting
adults collected from the field to lay eggs but all attempts
to get adults that emerged in the laboratory to extruds

eggs met with no success.

In the laboratory, it was observed that egg-laying
occurred mainly during the day particularly when the adnlis
t::'era brought out of the cold room into room temperature.

The females of O, bifroug are ovoviviparous and the eggs
are normally laid only when the embryos are fully-developed.
1f, however, the females were placed in direct sunshine or
near a lamp at room temperature, theyoccassionally laid
eggs in which the embryos wers still undeveloped or only
partially so. These eggs never survived, but eggs
containing fully developed embryoé have been digssected from
females that had died before oviposition and have hatched
successfully on coming into contact with water. Virgin
fenales of _A_,_g_’gggg,mm and N, plateti have also been
observed to lay eggs nine and fourteen days respectively
after emergence. This is in contrast to the statement

by Miller (1939) that virgin females of W
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do not lay eggs.

Fertilisation in most species seems to occur when
the eggs are being extruded as mature eggs dissected
from the oviducts of mated females of B, risi, N, errgtica
and N, gvicularig never developed when kept in water.

That these adults had guccaessfully mated was shown by

the presence of sperms in the spermathecae. In G, bifrons,
howsver, fertilisation must occur while the eggs are still
in the oviducts since this species is ovoviviparous. There
is no spermatheca present in the C, bifrong and this has
also been found to be true of G, akra by Brinck (1 955)-

The data on various aspects of the egz-laying habits,.
such ﬁa the interval betwsen emergence and the laying of
the first batch of eggs, the interval between egg-batches,
the maximum number of egg-batcheé and the maximum total .

nunber of eggs? recorded for each specles are shown in Table

2. The data for L, mogelvi, D, cephalotes, B. rigi and

the field, 1In the 2 last species it was found that none
of the females that emerged in the laboratory laid any

22424510
From the results obtained, it can be seen .that most

of the species laid several batches of eggs. . In L, nigra,

N, avicularia and G, fripunctata only one female of each |
specles succeeded in laying efggs and therefore the single

egg-batch recorded may be unusual, In G, bifrong, -hW“W?’

Y
11 "
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the females certainly lay only a single batch of eggs

and they dle soon afterwards. That the female ?f this
species should oviposit only once in her short life-time

is not surprising since the fertilised eggs require some
time to develop into complete embryos within the adult.

In L._thﬁ.ﬁﬂlﬂ. only a single batch of eggs was obtained
from each of the 3 females that oviposited.

The maximum number of eggs recorded for G, bifrong
was 713 but ithe usual size of an egg-batch was around 300-500
egg3. . There is a tendency for the smaller-sized adults to
lay fewsr eggse. The interval betwecn emergence and egg-
laying (i.e. laying of fully-deveioped eggs) varied from
29 to 80 days - this being influenced by temperature. One
female which emerged in 12th March 1962 and which was kepi
at roon temperature was found to lay fully-developed eggs
after 23 days. Those which emerged during the same period
but were kept in the cold room showed an interval of about
2 months before egg#laying; 1 The influence of tempe?ature
on the interval between emergence and egg-laylng is shown
in figure 1 . Thoss which emerged early tended to show
a longer interval betwsen emergence and egg-laying than
those which emerged late in the year. In 1963, this
interval was gensrally shorter than in: 1962. This vas
because the temperatures in the cold rOOM Were h.igher during
March and April of 1963 than for the same period in 1962.

Also, in 1963 the adults were intentionally left for longer




r

i Y
. - - i v
! ’
[
- . ] 7
»

- ” ....
r F A
h - ’ _
r | - i _
a 1 L..-
o * .__L s b - . . . -
i o
L - L a
- .ﬂ. - A " L] r . . . -bl L]
e 1, L]
- . . ) . ar i . - .
- & . z 1 - " - !
- C- wl -4 » - n
E - \ - , . )
> r oy ¥ it
. .ﬂ t b o F . - ’ ¥ . . _. , -
- . - x - 2
y ¥ . ' . a . \ .
-y .q th y . .
, . h ; . ) ] ¢ ' ,
, * v .
3 ; u..__ W=
-~ bl . ..r......_ - ] -+
_ - ' I1.|. - N B i “.
v "
| s > * y » . \
- ¥ + - 4 - A
ﬁ" ﬂ. 1 ) ] = ﬂ ) _._.
h A i " + .
] [ - 1 -
ﬁ ﬁ P 0
- A .
O A E b . . u-. .
- - i =l h._._.. “
| * r
H . . X _ ._
- ¥ 1 - L
.-"- -~
- ' -
L “a o E ! : - a v i
LN a - " = - ] il
t ¥ . - ' , -~ -
o~ = o ~ N
1
: L = ] - 8
!l L .,
e - L - - b | . " 1
¥ - . .
I
4 - L
x - :
‘ -
-
- b ]
- L x -
1
- L = o 4
+ 1 F
1L
b b
-
l ~—
ﬁl
-
T
. -
.
] m —
LY




(26)

periods at room temperaturse.

L, geniculata lald the largest number of eggs among
the various Lg_gm_m. The first egg-batch was quits
large and there was a decline in the size of later batches,

8.2 831, 493, 300 and 415 eggs. The females began to
lay eggs about 9 to 16 days after emergence and the interval
between egg-batches varied from 3 to 5 days. The maximum
length of the egg-laying period was about 10 days.

In L, fusca, the maximum total number of eggs recorded

was 673 and the size of consecutive egg=-batches was quite
irregular, e.g. 230, 141, 79 and 223 eggs. Egg-laying
occurred about 12 o 14 days after emergencs.

In L, hipoopud, egg~laying occurred about 11 to 18
days after éméfgénée and continued for 2 to 2% woeks,
Although the maximum number of egg-batches was four, yet
the maximum total number of eggs recorded was from a female
which laid only 3 batches, viz. 450, 290 and 188 eggs on 2
25¢4662, 3.5.,62 and 15.5.62 respectively.

Egg-laying in L, inermig occurred about 12 to 19 days
after emergence and most of the females laid oniy Tor2
batches of eggs. One femals, however, lald 3 egg=batches,

vize 437, 117 and 65 eggs on 18.6.62, 21.6.62 and 25.6.62
rBSIECtiVBlyo

Most of the females of L, moadyl collected from the
field laid several batches of eggs and the alze of 6

congecutive batches laid by a female from 13.8.62 to
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4e9.62 was 130, 337, 50, 387, 180 and 310 eggs. The

8lze of the successive egg-batchesg was thus quite variable.
The interval betwsen batches ranged from 1 to 7 days but
_i'.he usual period was 4 to 5 days.

- Only a single adult of L. nigrsg successfully laid a
batch of 125 eggs after 18 days.

The usual size of an egg-batch in A. gulcicollis
was around 200 - 350 eggs and the average interval between

egg-batches was 3 to 4 days. An example of the size of the

consecutive egg-batches from ons female was 345, 345, 300
and 218 eggs. ' There was, however, no definite correlation
between the number and the size of consecutive egg-batches
and in 2 individuals the first -egg-batch was found to be
smaller than the 4th batch of eggs.

In A, gtandfuasi the size of egg-batches was around
150 —‘250 éggs'aﬁd the example of the succeasive egg-batches
recorded from one female was 211, 243, 117 and 204 eggs.
Egg-laying ‘occurred about 9 to 10 days after emergence and
fhe interval between egg-batches was 5 to 7 days.

Only a single female of N, avicularig laid eggs, on the
33rd day of her life. The size of the egg-batch was 160
eggs. 1t is likely, however, that more "than one batcl"x
is normally laid. One female which died without ovi-
positing on the 33rd day was dissected and 400 to 500 mature

eges were found.

The interval between emergence and egg-laying in N.
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gambrica was 17 days. The interval between egg-batches
varied from 3 to 11 days but the usual period was 3 to 4
days. The size of the first egg-batch was often more than
500 eggs and there was a fall in the size of the later
batched, e.g. 706, 222, 106 and 66 eggs laid on 15.5.62,
25062, 25.5.62 and 29.5.62 respectively.

Egg=-laying in N, cinagreg occurred about 21 to 34
days after emergence.

The size of the firsat egg=batch
wad around 900 to 1000 eggs but the size of successive
batches fell very sharply, e.g. 908, 352 and 183 eggs
laid on 13.7.62, 3.8.62 and 7.8.62 respectively.

In N, plictet] the usual interval between emesrgence
and egg-laying was around 7 to 9 days and the usual period
between egg=batches was -7 to 12 days. In several females
the size of the first and second egg-batches was about
200 to 300 eggs but in soms other individuals the size of
the firat egz-batch was 600 to 700 eggs and the second
wag 400 to 500 eggs.

E. praecax 1laid a very large number of eggs and the
maximum length of egg=-laying period was one month, The
usual size of an eggz-batch was between 400 - 600 eggs and
there was no significant fall in the size of consecutive

batches. Egg-laying occurred about 12 to 13 days after

emergence and the usual period between egg-batches was

around 5 to 8 days.

Ee maveri laild an equally large number of eges as did
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L. pragcox. The maximum length of the egg-laying pariod
was about 3% weeks., The gize of an egg-batch was usually
betwsen 300 = 500 eggs; The females begain to lay eggs
about 5 to 9 days after emergence and the usual period
betwaen egg-batches was 2 to 4 days.

None of the adulté“ of B, Plal which emerged in the
laboratory laid any eggs. Howsver, the maximum number
of egg-batches recorded fifom adults collected from the
field was 4. The size of the consecutive egg=batches
recorded from one‘“female collected on 1.5.62 was 369, 274,
283 and 540 eggs laid on 18,5.62, 29.5.62, 6.6.62 and
17.6.,62 respectively. The egg-laying period was fairly
long and there was no definite decrease in the size of

successive batches.

The females of L_Mm began to lay eggs within

2, hours of emergence and, as has been discussed earlier,
it is possible that the maturation of the f£irst batch of
eggs may occur in the last nymphal ingtar, The size
of the first egg-batch was very large (batween 960 to

1000 eggs) but the size of the consecutive batches was
around 200 = 350 eggs, e.g. 945, 212, 355 and 299 eggs
131d ol 1603063’ 2003063’ 2503063 and 204063 resmctivaly.

Egg-laying in C, torrentium occurred about 7 to 15 days
after emergence. The adults usually laid 2 batches of

eggs. The size of the first egg-batch was commonly
between 30 to 40 while the second batch was below 20.
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The maximum total number of eggs recorded was from a
female which laid 2 egg=batches, viz. 41 and 15 eggs
on 12.6.62 and 18.6.62 respectively. In one female
vhich oviposited 4 times, the size of consecutive
batches was as follows: 28, 15, 4 and § eggs laid on
28.646.2, 29,6462, 1.7.62 and 3.7.62 respectively.

Only a single batch of 56 eggs was obtained from a
female O, tripunctata collected from the fie‘ld.

Egg-laying in D, bicaudata occurred around 4 to 14
days after emergence and the 'le'ngth of the egg-laying
poriod was about 1% to 2 weeks. There was a definite

tendency towards a decrease in the size of successive
egg-batches, e.g. (a) 292, 259, 167, 133, 87 eggs,
(b) 302, 123, 145, 56 eggs, and (c) 247, 152, 10§ 45 eggs.

Only a single batch of\ eggs was recorded from each of
the three females of I, nubeculs that ovipo;ited. Egg-
laying occurred so long after emergence that the females
were observed 1o be very weak afper oviposition and they
died soon afterwards.

The length of the egg-leying period in I, grammatlica
was sbout 2 to 2} weeks and the interval between emsrgence
and egg=laying varied from 5 to 17 days. There was a
tendency towards a fall in the size of successive egg-
batches, e.g. 140, 134, 31, 38 eggs laid on 30.5.62, 4.6.62,
7.6.62 and 14.6.62 respectively.

Egg-laying in P, microcaphala occurred 4 to 6 days
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after emergence and only a single female laid 2 batches
of eggs, viz. 320, 155 on 1.5.63 and 7.5.63 respectively.

D, cephaloteg laid a large number of eggs and the
aize of the consecutive egg-batches of one female collected

from the field was as folldws: 1485, 163, 174, 119 and 128
eggs laid between 17.6.62 and 23.6.62.

From the results of this study, it can be seen that
in the Setipalpia as a whole there is a definite tendency
towards a decrease in the size of consecutive egg-batches.,
In this suborder, the eggs are usually fully-developed when
the females emerge and no feeding occurs during the adult-
stage. In the Filipalpia, however, the eggs are usually
st11l immature at the £ime of emergence of the females and
maturation of the eggs occurs essentially during adult-
life. Thus, the size of the egg-batches is very much
dependent upon the length of the feeding period during the
adult-stage. In T, nebuloga it was found that the firsi
even though the interval between emergence and oviposition
was much shorter than the interval between egg-batches.
In this specles, however, it is possible that the maturation
of some of theeggs occurs in the last nymphal instar.
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dhe Biology of the Eggs

(2) Introduction
The eggs of many specles of stoneflies have been

figured or described by various authors (e.g. Samal 1923,
Smith 1923, Wu 1923, Percival and Whitehead 1928, Kuhtreiber
1934, Helson 1935, Miller 1939-: Hynes 1941 and Brinck 1949).
Miller (1939) studied the detailed embryology of Pteronarcyg
proteug (Newman) and reported the incubation periods under
varying conditions of temperature. Therd have been only
scanty record oi" the incubation periods of British species

by Percival and Whitehead (1928), Hynes (1941) and Brinck
(1949). The possibility of a delayed hatching of some eggs
as was suggested by Hynes (1961, 1962) is not shown in any

of the previous records on the incubation of stonefly eggs.
However, the occurrence of a long incubation period has been
observed in P, proteug by Miller. He found that the develop-
ment of the embryo was complete in about 54 months, but that
under natural conditions the naiad remained dormant over winler,
and hatched about 10 months after oviposition. The fatal
effect of several hours' destécation of the eggs of this

specles has also been mentioned by Miller. Hynes (1958),
however, when studying the effect of 2 montha' drought on
the fauna of a small mountain sfream, found that those
species of 3£onemes which were present in the egg-stage
were able to survive the dry period.

During the present investigations on the hatching of
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the eggs, observations were also made on the main stages of
enmbryonic development, but noi attempt was made to study
the detalled embryology of the varlous species.

The chief

purpose of these observations was to enable correlation of
the main stages of embryonic development with the data on
incubation and hatching periods, The effects of partial

and complete desidcation on the eggs were also studied.

o . -
Figure 2 shows the éggs of the various specles that were

studied. The drawings were made with the aid of a camera

lucida soon after the eggs were laid., Only one species of

Leuctra, L. moselyl 1s shown in the figure since the eggs
of the other species of this genus were quite similar in

shape and size. In general, the present observations agree
with the descriptions given by Percival and Whitehead (1928),
Hynes/(1941) and Brinck (1949). There are, however, a few -
differences from the previous descriptions of some species
and also some interesting features which have not been
previ;)usly mentioned.

The eggs of atoneflies are usually surrounded by a gelat-
inous covering which absorbs water and expands fairly

rapidly. In C, bifrons, however, this covering is very
characteristically absent. Hynes (1941) mentioned the

presence of a sticky membrane surrounding the egg of Cannla
niera which, he stated in 1958, yas a misidentification of




Figure 2 - Eggs of:=-

Leuctra moselyi
Amphinemura standfussi
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Protonemura praecox
Protonemura meyeri

Capnig bifrong

Nemours avicularis

Nemoura cambrica

Nemurella picteti-

Nemoura cinerea

Taeniopte nebulosa
Chloroperla torrentium

Chloroperla tripunctata
Diura bicaudata

Isogent nubecula
Dinocrss ce otes

Perlodes microcephala
Isoperla grammatica
Brachyptera risi




3 _-.‘

-
. 2.

. o =Pa
e L

o Syt
“1'.:|l

. :‘.:z!ﬂ';

I| !-:.. '.".I'

"_i"‘:—'. -

o xl

L e ey

o 7 -

2.8 b

8.""
-l-“:

‘q'lr'.' -
e %

L
‘-
r-.n.-.‘ 'L B

o
o

Aha®
Sete

e
A .
[ ]

\:&

£
g
-

———

a>axVWgldage _
e f@O "

T LR Ld T "

-
.‘u'li-"l

-%
™
-

. L
‘ -
oae: S Sk
:{' l"."l‘ ;.I';! ','!" ‘1 '." '1. )

36 LA S
J_r‘??.:i‘ft 'I.,'







(34)
C, bifrong. Brinck (1949) studied the eggs of this specles
but did not indicate the absence of a gelatinous covering

and his figure of Capnda atra shows it to be present in that
species. The absence of a'gelatinous membrane in Q._hmgm

is, however, not surprising since the embryos are normally

fully-developed when the eggs are laid and hatching is
immediate.

|f

The Filipalpian eggs do not possess an:: attachment disc
or basal ﬁlﬁte whereas in the Setipﬁlpia:t eggs such a structure
1s present except in G, ftorrentium. The absence of a basal
plate in this species has also been noted by Hynes (1941).
Although the eggs of I._grammatics normally possess a basal
plate, or:e female of this species laid a batch of eggs in
which no such structure was ﬁresent. Except for the absence
of the bassl plate, these eggs were quite similar to normal
oeggs and they hatched successfully in the laboratory.

An interesting feature of the eggs of L, grammatics
is that, when first laid, théy are never round in cross-
section as was indicated by Br:_ank‘ (1949). Instead, they are
more or less flattened and there is a depression on one side
(Figure 2)., They swell up a few days after oviposition,
the flattening is perhaps an adaptive feature allowing the
 females to carry more eggs within the oviducts than would be
Ljpééuible if they were fully expanded before laying.

Elhe eges of the Fllipalpian species are mostly unpigmented,
but those of uj._are orange or light brown in colour,.
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Awng the Setipalpia, the eggs of C, torrentium, C. tripunctata,
I, grepmatics and I, nubeculs are usually light brown while
those of D, caphalotes, D. bicaudats and P, microcephals are
often dark brown in colour. It is, however, not uncommon
to find some eggs in an egg-batch which are much lighter
coloured than the best. There does not appear to be any
difference in the rate of development between eggs of
different pigmentation.
The gelatinous covering of the eggs of Setipalpian

specles disappears fairly rapidly after it has eﬁbended
“but in most of the Filipalplan species there is a gradual

Lpte

shrinkage of this covering and it is often still visible

just before hatching. In N.picteti and B, risi, hoeaever,
there is no obvious shrinkage of this membrane during the
course of development. Another interesting feature regarding
the gelatinous covering of Filipalpian eggs is the presence

of several layers aurroundieg the egg body, e.2. in N, cinereg

and M
this covering die eolves away within about .an hour whereas the

In _I_q__gmgﬁthe ‘outermost -1éyer of .-

remining leyers ahow a gradual shrinkage during development.
| ﬁle:g‘e is also a difference in the degree of expansion of

F:different layers, es.g. A._gtandfusg] as compared with

* TFL . ‘ . ‘

| | The 'ecologice:!. slgnificance of the gelatinous covering
| end of ehe basal plate as a means of anchorage has been

«d;.scﬁssed-bnyrink"v(1949) .~ However, the differences in
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the nature and behaviour of the gelatinous covering

suggest a varlely of other possible functions besides
attachment. One of these functions is probably the
protection of the eggs against injury. Filipalpian

eggs usually have a thin chorion whereas in Setipalpia

the chorion is usually hard and thick., In the latter
group there is, except in C, torrentium, an efficient

means of attachheqt . by the basal piéte and the eggs are not
easily detached énce they have becomeanchored to the
substratum. The protective effect of the gelatinous
membrane is thus of less significance in the Setipalpia

and it dlsappears quite rapidly after expansion. In the
Filipalpia, with the notable exception of B, risl, the means
of attachment is much less effective and the eggs are ;ulte
eésﬂy dislodged. In this group, the éelatinous covering
does not shrink very rapidly and it is therefore probably
of mmrt@ce as a buffer if the eggs should be dislodged

~ during a flood. Another possible function of the gelatinous
covering is to enable the eggs, once the covering has

expanded, to survive short periods of exposure to the
atmosphere during drought.

It was fou.nd that eggs whic.h were not deposited into
ijater;were unable to withstand exposure to the atmosphere

for any length of time; a few hours! deai;dcétion was
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sufficient to kill them. However, eggs in which the

gelatinous covering had fully expanded as a result of water
absorption were able to survive fairly long periods of
exposure.

Eggs of N, plctet) that were laid onto a plece of

twig in water were able to develop after the twig had been
removed from the water and kept in a dry tube for 7 days.
At the end of this period the twig was found to be quite
dry but the gelatinous coverings of the eggs were still
moist and the eggs hatched successfully when they were
replaced in water.

- Eggs of Be risl were able to survive after peing
removed from watér and 131'39 exposed to a damp atmosphere
for 12 days. Some eggs fhat were completely dégiﬁcated
did not survive when they were returned to water.

The eggs of %;toneﬂies appear to be able to develop
successfully as long as they remein moist and the gelatinous
covering seems to be able to retain moisture for some length
of time. Thus, the ability of the‘ eggs to survive perilods
of drought as was 6baerved by Hynes (1958) is probably
because they were not completely desﬁcf.catod during the drying
up of the stream. It Is likely that the humidity down
among the stones w‘as_' “qud;te higli and this would enabie the
gelatinous cov?ring to remaln ﬁoist during the period of
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The various stagea in the embryonlc developmant of the
eggs of E-_r.lai: .'l‘.-..!lah!ﬂaﬂﬁ. and L..ﬂmmﬁm are shown
in figures 3, 4 and 5 respectivaly. Figare 6 shows the
later stages of embr;dnic development and the hatching of

the eggs of D, bicaudata. It has been possible to follow
in fair detall the development in B, rigi becauss of the

slight pigmentation of the oval-ghaped eggs and because
of the manner of attachment.

The gelatinous covering of the eggs of B, rigl began
to expand about 10 to 30 minutes after oviposition, This
covering was at first ﬁranaparent but 1t soon became
opalescent. When fully expanded the gelatinous covering
attaches the egg very fi:_:lﬁly to the substratum and it |
spreads over the egg in the same manner as the albumen
spreads over the yolk of a frled hen's egg.

Quits soon after oviposition there appearsd in the
contre of the egg a dark spot which was probably the fusion
nucleus (Stage I A). - After the first day, t-his nucleus
could be seen to have undergons one or two divisions as

indicated by the presence of 2 or 4 dark spots in the egg.
Further divisions of these cleavage nuclei occurxled till

the 6th to 9th daWythen numerous nuclel were observed

(Sitf-.age I.B). .Very soon afterwards these nuclei could no
1oﬁgé£h be seen (Stage I C), Ihis stage probably corresponds
to the migraﬁion of the cleaﬁgg cells to the surface of



Figure 3 « Embryonic development in B, risi.
IA o I C -~ Division of fusion nucleus and ultimate

formation of germ disc.

II1A - IIB - Invagination of germ disc to form early embryo
and the cleavage of yolk,

IITA - III1 C - Lengthening of embryo and its arching into the
| yolk.

IVA - IV B - Broadening and shortening of embryo till the stagé
prior to blastokinesis. |

VA - VC = Post-blastokinesis development.

For details refer text.
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the yolk to form the primary epithelium and later the germ
disc as has been observed by miler (1939) in P, ,.prokeus.

In B, xlsl all the eggs seemed to undergo diapause at this
slage and no further change was observed till 2 to 33 months
lator (depending on the egg-batch) when some eggs began to
show a depression in the yolk (Stage II A ="Yolk depression").

Ihis stage probably corresponds to the invagination of the

gern disc to form an early embryo. In W and in
many other specles (e.g. E._praacox, L. hippopus, I. nebuloss)

which do not undergo diapause, the Invagination of the gern
disc occurs very soon after its formation.

The time taken for post—dlapause development in B, risi

(1.0. the interval between "yolk depression” and the firat
hatching of the eggs) was about 1% to 2 months. One day
after the mvaginé.tion of the germ disec,- cléame of the yollk
occurred (Stage II B = "Yolk cleavage and deﬁression"j. At
this stage it could be seen that the embryo became slightly
elongated but its position remalned unchanged. The next
thres stages (Stage III A to III C), lasting about a week,
showsd the lengthening and the dorsal uchiné of the embryo
into the yolk. Stage 11l A vas reached after about 5t 6
days of post-diapufu;e developmenthand the embryo at this stage
appeared to be still unsegmented. However, t.he protocephalic

\ lobes were already sharply differentiated from the narrow
protocorm and the embryo was beginnlng to arch :I.nto the yolk
near its posterior end. Stage III B showed a mOre pro-



