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STUDIES ON THE BIOLOGY OF STONEFLIFS 

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 

environn ntal. conditions such as temperature on the growth of many 

species has also been discussed by these authors. Brinck (1949) 

mentioned that most stonefiies in southern Scandinavia pass the 

summer in stages (egg and urmphulae) which are resibtant 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 

suggested the% ssibility 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 Ba2til an. A corollary to the above phenomenon is the 

occurrence of a short flight period in species which show a prolonged 

hatching period as wall as in some of those which do not. Various 

hypotheses as to the causes of short emergence periods have been put 

forward by authors dealing with different groups of aquatic insects 

(e. g. Ephemeroptera: Ida 1935, BeSkot 1953, Macan 1953; Plecoptora: 

Hynes 1962; Odonata: Corbet 1954,1956). 
, 

Corbet has shown from 
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experimental studies that the changing photoperiod is involved in the 

seasonal regulation of the dragonfly, Änax imverator, but as regards 

the Plecoptera (and the Ephemeroptera) no studies have previously 

been made to investigate the factors influencing seasonal periodicity 

and the various phenomena associated with it. 

The absence of such investigations is due largely to the insufficient 

information that can be derived from field data regarding the early 

stages of the life-cycles of these insects. The length of adult life 

and the egg-laying habits of stoneflies are still largely unknown and 

the period during which egg-laying occurs in nature cannot be determined 

just from the gr esence 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't'. distinct from 

quiescence. A detailed analysis of field data is therefore dependent 

upon a direct study of these aspects of stonefly biology. It is also 

from such studies that some of the factors influencing the seasonal 

periodicity of stoneflies and the various phenomena correlated with it 

could be usefully ascertained. It was on this premise that the present 

laboratory and field investigations were carried out. During the course 

of this research it was observed, for the first time, that several 
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species of stoneflies showed the phenomenon of diapause and preliminary 

studies were carried out to investigate the factors influencing diapause 

in some of the species concerned. 

.ý+. . 

ý 
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ýý. lakaRATORTINVESTIQATTCtrs 
1. Introduction 

Previous studies on the biology of atoneflies have been based 

mainly on field investigations and very little work has been done 

in the laboratory. There have been a few random reporda on the 

incubation periods of the eggs of several 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 vgmphs under 

laboratory conditions have resulted in a big gap in 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 immature stages with the adult insects. The 

important studies by Hynes (1941,1958,1963a, b) and Brinok 

(1949) have contributed immensely towards the taxonomy of the 

nymphs of stoneflies occurring in Britain. Hynes (1941,19,42) 

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 atoneflies in 

the' laboratory. The present laboratory studies are divided into 

3 sections, namely, the adults, the eggs and the nymphs. 

2. Naterials and )ethods 

For the laboratory investigations, 'a cold room' (approximately 

6a6x7 feet) in which the temperature and light periods could 

be regulated to simulate 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 field 

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 biology of adult stonerlies, 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 

nymphs 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 field were also 

kept for study. Pairs of adults were kept and allowed to-mate 

in 1'z 2 in. tubes, the bottoms of which were covered by wire 

guaie. Into each of these tubes were. inserted a. blob of cotton 

wool soaked with water andsa twig covered ., with green algae.,. - 

Larger tubes were. used for the larger. species, The adults were 

kept'in:. the., cold room but they were brought out daily for a few 

houra. into. room, temperature and then returned. -, -The adults mated, 

fed (in. the case of-the Filipalpia) anddrank. very. well under 

these conditions. The tubes were rregularly examined and whenever 

necoaaary. the; adults were tranferred to new tubes with fresh togs 

and cotton wool. ;, , 
Very, often it was necessary to_, keep the females 

in-separate tubes after mating in order to avoid the constant 
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ha#assing by the males which may occur even when the females 

are in the process of egg-laying. Egg laying usually occurred 

soon 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 piece of twig and 

then inverting these tubes onto petri-dishes containing 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 species, each as N n__racin ne Via, 

Lenntg% T, NAuuý,,., e11a_pj-tG ±.: and C, lmia bif ona by first 

inverting they..:, tubes containing these adults over a Petri-dish 

of water. Those females that did not lay=any eggs after some 

time 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 , 
studied. -' 

The emergence oP adults occurred'quite satisfactorily-from 

nymphs kept in atilt water in"enamel pie-dishes in the cold room. 

These`dishee were covered with'a glas$ plate to prevent-the `- 

adults from escaping: -'-Stream water collsäted'from River Terrig 

was used for -the rearing of these nymphs' and stones wi ere - lift 

in the dishes to allow mature nymphs to crawl ont of-the water for 

emergence. The newly-emerged adults were removed daily from 

these dishes. The Filipalpian nymphs were'-fed with decaying 

leaves collected from the stream or with alder or sycamore leaves. 
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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 scam that tends to form 

over the surface after some time. Eggs attacked by fungus were 

removed to prevent the byphae from extending to other developing 

eggs. The development of the eggs was followed by regularly 

examining the petri-dishes under a monocular microscope. Camera 

Lucida drawings were made of the various stages of development 

in the eggs of several species. 

The rearing of the nyWhs 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 pieces of decaying sycamore or alder leaTea. 

The young Setipalpian nymphs were fed with tiny oiigochaetOs 

that were fairly abundant among the decaying leaves collected 

from the stream. In rearing Cap__ b_, it was found useful 

to "inoculate" the dishes containing stream water with some fine 

detritus and to leave them standing for one or two days before 

introducing newly-hatched nymphs. This was to let the detritus 

settle firmly on to the bottom of the dish so as to provide a 

hold for the nymphs.., Otherwise, there is a strong tendency for 

the newly-hatched nymphs of C. bifrona (unlike other species of 

atonefly) to float to the surface of the water. - 
In following through the number of inatara of stoneflies, 
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about 10 to 15 newly hatched nymphs of each species were kept 

individually in small vessels (e. g. 1x- in. polythene caps of ttibes) 

so that it was possible to find the tiny eauviae. When the 

nymphs were fairly large they were transferred to Petri-dishes 

and ultimately to enamel pie-dishes when they were ready for 

emergence. The 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 exuTiae collected were then 

mounted in polyvinyl lactophenoi to which was added lignin pink 

to stain the chitin. The increase in size between meters was 

determined by the measurements on the length of the hind tibia 

and of the whole eaaviao, 

3. The Biology of the Adults 

(a) LaUM 

The biology of adult stoneflies has been described 

in varying detail by several authors. Schoeneaund (1924) 

and Kuhtreiber (1934) have written a great deal about their 

behaviour. Hynes'(1941,1942) studied in detail the 
ana 

feeding habits and brachypterous condition of some species 

at high altitudes. Brink (1949, -1955) has given very 

detailed accounts of their biology, especially their mating 

habits, and he has also discussed the phenomenon of wing- 

polymorphism. Very little, however, is known about the 

length of adult-life, and the egg laying habits. Although 

emphasis has been placed on these two, topics+mention will 

- 
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also be made of various othor aspects of the biology of 

adult-stoneflies on which observations have been made. 

(a) ýrssasa 
The emergence of atoneflies has been described by many 

authors who have dealt with the ecology of these insects. 

Hynes (1941) mentions that "small species seem to emerge 

at any time of the day or night, but it seems that the 

Perlodidae and species-of the genus e, ýrla, emerge only at 

night". Brink (1949) states that the Setipalpia will 

always emerge in the morning or by night while the hiemal 

Filipalpia with an early flight period asaallyemerge 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 

Brink to be an important factor in detarmining at what 

time of day emergence . occurs. since "the chitinouslakin becomes 

hard and brittle when drying which will check emergence". 

From the present observations in the field it appears that 

the smaller species usually emerge in the day, particularly 

in the morning when the sun is shining, while the larger 

Setipalpia - (e. g.. ') 'mich migrate some 

distance from the water's edge seem to emerge`- in the'night 

or early morning. In the laboratory,; under.. conditions 

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

seemed to occur at any time of the day or night. -, 'Here 

conditions were always humid since the nymphs were 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 

warming of, the water by the sun's radiation probably acts 

as a stimulus causing the-fully mature nymphs of the smaller 

species to emerge during the day. In the laboratory, this-, 

stimulus could be produced by bringing, the dishes out of, the 

"cold room", and placing them for a short period, with', the 

glass cover . removed,, underneath a lamp at-room temperature. 

ixen mature nymphs of_C bifrons with fully or partially, 4 

black wing pads . were, subjected to this stimulus 

observed that many of them crawled out of theowaterand 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, it appears , 
that the 

stimulus for a concentrated emergence. of mature. uymjis is 

the warming . up of. the water during the'day and that low humidity 

is not a limiting factor, in the emergence, of 0. b� i Ana. 
,. 

This probably applies, to the other, sma ler, species as-we11.: 

In' a2y case, emergence, in nature often occurs on' the under- 

suffaces of stones that protrude above the water level and 

here the humidity must certainly be; quite high. However., 

humidity and other factors euch as air temperature Wa. be_ 

important in determining the time, ot emergence, in the larger 

Setipalpia which migrate a considerable' distance from the 
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water's edge. 
(c) S? Ze e£ Adgl_twin rel nti on tg fl i zht ii od and wing- 

It was observed 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. bifrong were collected 

from River Terrig just before the beginning of the flight 

period and were kept in the cold room. The emergence of 

adults was then recorded. From laboratory as well as from 

field investigations it was found that the emergence of this 

species occurred from February to May. The peak emergence 

period lies, however, during larch and April as can be seen 

from the figures in Table 1., which shows the number of adults 

which emerged in the cold room during the first and second 

half of each month of 1962 and 1963. The mean size of 

adults in relation to the flight period, based on a study of 

145 adults which emerged in 1963, is also shown in the same 

table. From the results of this study it can-be seen that 

there is a marked decrease in the size of the adults towards 

the end of the emergence period. 

From laboratory studies on the nymphs (Chapter II,, 4) 

it has been found that the number of instars in Cg blUgag 

(and in other species) varies. Thus, ' it is possible that 

these 'small adults might have emerged from nymphs that had 

not reached the complement of inatars necessary to produce 
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Febr March A il May 

(i) (ii) U) (ii) (i) (ii) W 
Male 6.0 '6.0 6.5 '6.1 5.5 -5.3 4.7 Mean'size in'mm. ' 

4 19 60 48 30 19 4 Adults emerged : 162 and 163 

Female 9.0 9.0 8.8 ö. 3 7.8 7.3 7.1 Mean size in mm. 

3$ 39 50 24 23 15 Adults emerged : 162 and 163 

Table 1. 

an average-sized adult such as that found during the early 

part of the emergence period. If this is so, then there 

must be some environmental factors acting on the half-grown 

nymphs towards the end of this period and which induce, the . 

differentiation of adult characters. The environmental 

factbrs likely to influence growth and development are 

temperature and photoperiod. During April and May there 

are (i) a rapid rise in stream temperature and (ii) an 

increasingly long"photoperiod. Of these two factors, there 

is reason to believe that it is the increasingly long photo- 

period which might be involved since, in,. 1963, the temperatures 

in the cold room did not rise above 100C till the end of May. 

Also, during the study on diapause in this species (Chapter 

IV) it was found that although the newly hatched nymphs were 

sensitive to both temperature and photoperiod, the sensitivity 

to. temperature decreased in the later instars. It was 

possible to induce emergence of normal-sized adults as early 

as September by subjecting some don-diapause 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 fron 

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 161 hours of light per day and under 

temperatures varying daily from 4 to 12°C. It was found 

that these nymphs moulted only 2 or 3 times in a period of 

-1* to 2 months after which adult characters began to different- 

iate. Although these nymphs did not emerge successfully the 

adult characters were clearly visible. It is also worth 

pointing out that in these nymphs the wing pads of the females 

were only partially developed and had they emerged successfully 

the adults would have been short-winged even though the 

nymphs were collected from a locality where the females were 

long-winged. 

Thus, besides the influence of environmental factors on 

the differentiation of adult characters in half-grown nymphs 

it is possible that bracbyptery in C. bifrons (and probably 

also in other wing-polymorphic species of stonefly) may also, 

be a result of such factors. Therefore, if, as a result of 

low temperature, lat©, ý, breaking of diapause or competition for 

food, the nymphs of C. bifronä are unable to grow rapidly 

enough to reach the complement of inatars necessary for an 

early emergence, changing environmental factors each 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) Ma ing ha ita 

The females of most of the species studied appeared to 

be fairly receptive soon after emergence but the males of 

several species seemed to have a maturation period of Ja few 

days before attempting to mate. If, however, the female 

should be attacked by males too soon after crawling out of 

the nymphal akin, she avoids mating by curling the tip of her 

abdomen upwards and by attempting to shake off the males. 

Mating in the females does not appear to be dependent upon 

the maturation of the eggs. 

The maturation period of the males is fairly short in 

some species auch as Camia bifrons. Leuctra inermis, 

Taeniootervx nebulose and Perlodes microceflhala where mating 

occurred on the same day as emergence. In C. bifrons mating 

was observed to occur about 45 minutes after the emergence of 

the adults of both sexes. 
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sulcicollis, A nee ýa In Leuctra hinnotas, Amnhinemu, a 

standfassi, Nemurella vict ti, FrotoneNUA iorsor. 23 and 

Chlorooerla torrent] 4 mating was not observed till 1 to 3 

days after the emergence of the males. 

The maturation period seemed to be longer in species 

auch as Hanaure 1alu g, &mia ura cambriioa, Nem XII GInerea, 

Nemoura erratica, Diura bicat1 to and IsoROrla prajWnatica where 

mating was observed only about !+ to 7 days after emergence 

of the males. 

In IgggqRjjg A becula the males never attempted to mate 

till 10 to 13 days after emergence. 

In many species, mating was observed to last from a few 

minutes to several hours, but in some species such as N. erratica 

and N. icteti the adults were commonly seen to be in a copulatory 

sition for as long as 7 to position ng days, and during this period 

the males were not observed to feed at all. 

Various instances of abnormal mating behaviour have been 

described among stoneflies. Eynes (1941) mentions that he 

once saw a male C. bifrona attempting to mate with a female 

LeuQtr= ier^ which had been in contact with a ready female 

of CSb ons and he concludes that "the males seem to be attracted 

only to females ready to copulate, and this attraction seems 

to be due to some substance extruded by the female". Brinck 

(1949) states that a male "jcM always tries to mate 

when finding a female even after she has been dead for several 

days but he mentions that he never saw a male attacking females 
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of other species. During the course of the present study., 

observations have, been made of the males of C, bjfrons 

attempting to mate with each other. The same behaviour was 

also observed in D. bicaudata. Two males of this species 

which were kept together soon after their emergence were 

observed to attempt mating with each other four days later. 

Observations were also. made of a. male E. microcerhala making 

several unsuccessful attempts to mate with a female I. nub nubecula. 

However, such abnormal behaviour does not occur if the males 

are allowed to mate with the females of their own species soon 

after their maturation period or 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 (191+9) was also observed in several 

of the species studied (e. g. T. nebulosa, Co bifrons. Leuctr_a 

$ {cu]aa, P. microceghala). In the laboratory, drumming 

was not observed if the males were allowed to mate fairly soon 

after emergence, but drumming was often seen when females 

were introduced into. tubes containing males that had been 

kept separate for several days after emergence. In spite 

of the drumming, the females never seemed to respond or to be 

attracted to the males. Brinck (1949) observed the same 

pattern of behaviour but he suggests that the females may be 

stimulated by it preceding mating. It seems more likely, 

however, that this drumming of male abdomen and the various 

abnormal mating habits described earlier are just an unusual 
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reaction of excited males that had been prevented from mating 

for some time. 

(e) FeeUnu_ habits 

There had been previously contradictory accounts 

regarding the feeding of adult stoneflies (Schoenemnnd 1924; 

Kuhtreiber 1934; Newcomer 1918; Wu 1923; Frison 1929,1935; 

Neeracher 1910) and it was not until 1941 that Hynes showed 

that the Setipslpia only drink water but do not feed as adults 

whereas the Filipalpia 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 faced with the question as to whether the 

winter stoneflies such as T. nnebulosa and CaDnIaatra, which 

belong to the Filipalpia, do feed as adults; since these 

"emerge in immense numbers from large rivers and leýces; ' 

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 that the eggs were small and undeveloped. 

He concluded that the females cannot produce eggs immediately 

and that a maturation period is necessary. However, he 

mentions that the adults, femalesý'of T. n bulosa must mature 

rapidly since almost all the adults that had red were found 
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to contain well-developed eggs. During the course of this 

study it was found that the adults of T. aebulosa laid 

viable eggs within 24 hours of emergence (muci 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 

lay viable eggs. Although the adults had been feeding a 

few hours earlier, it seems unlikely that this short feeding 

period could have affected the maturation of the eggs, but it 

is possible that the maturation of some eggs could have 

occurred in the last nymphal instar. If this is so, then 

the laying of the first batch of eggs might not necessarily 

be dependent upon the feeding of the adults and as such 

would be of adaptive significance in stoneflies which emerge 

early in the year. 

(r) Length of adult-life 

It is a common statement that adult stoneflies live 

oajy for a few days but there has been little study of this 

aspect of adult-life. The only worthwhile information on 

the length of adult-life'has been that by Hynes (1942) in 

which he recorded a maid mum length of adult-life of 43 days 

for a male and 50 days for a female N. ginerea under 
laboratory conditions. 

i 
i 

.ý 
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The data on the maximum length of adult-life of 25 

species of stoneflies reared under conditions in the cold 

room are shown in Table 2. For N. cinerea and P. mi rocenhala 

the results were based, unfortunately, on very few specimens 

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 keuctra moselvi and 

Dino oral jerhalAeq 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 2v it can be seen that adult atoneflies can., 

in fact, live for a fairly long period of time. Even 

among the Setipalpia which do not feed as adults, the 

maximum length of adult life recorded for several species 

(D. bicau 1. crammatica, P. microcevhala and I., ndbecula) 

was about a month. One female I; n be_ cul lived for as 

long as 40 days. Most of the k'lilpalpian species shoved 

a maximum length of adult-life of about a month or more. 

Adult females of L. hir , A. salcico111s, _, 
N. cambrica, 

P_, ecoa and A. risi showed a mtucimum length of adult- 

life of about 2 months while one female of C_bona lived 

for 83 data. However, the usual length of adult-life for 

C. bim was about 2 months. 

The length of adult-life may be influenced by environ- 

mental factors such as temperature. Some adults of C. b ns 
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which emerged during February and early March were kept 

throughout at room temperature and the maximum length of 

adult life 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. hinnovus which, like C_bifrons, 

has a fairly long emergence period, from February to May. 

This decreasing length of adult-life towards the later part 

of the emergence period is partly 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 the before egg-laying. 

cgs E -1a 

Various authors have described the manner in which the eggs 

are carried and later deposited in the water. McLachlan 

(1164) states that L_aenicu a carries its egg-mass "from 

the upeurved last segment to the base of the posterior wings.. 

all along the dorsal aurface of the abdomen". 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 negier 
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extends along the dorsal surface of abdomen. During the 

present stay it was found that the first egg-batch laid 

by L. enng at is often unusually largeI (well over 800 

eggs) as compared with other Leuctra sin. and the egg-nass 

tends to be elongated rather than spherical in shape. As 

such, McIachlan's statement is not without foundation. 

Although in most species the manner in which the eggs are 

carried is fairly similar to the general pattern that has 

been previously described, in Brachvrtera risi there is 

an interesting variation. In this species, the tip of 

abdomen is never curled upwards during egg-laying but 

instead the abdomen is arched so that when the eggs are 

being laid they accumulate on the concave ventral surface. 

$pnes (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 deposited yet in 

N. ]AcjgU the females were often observed to crawl into 

the water to extrude their eggs. The same behaviour was 

also seen occasionally in Cbifrons but the adults of 

this species mostly extrude their eggs while above the 

water and later deposit them in a single mass. 

Of 25 species of adult atoneflies that were reared in 

the laboratory only one (N. ermt_ ic) did not succeed in 

laying eggs. It was found that the adults of most species 

that were collected from the field extruded eggs successfully 
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when they werelapt 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. tri ta, B. risi and N. erratica 

which emerged in the laboratory succeeded in laying eggs under 

these conditions. In B. risi 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. Djarg and N. avicularis which emerged in 

in the laboratory also had difficulty in laying eggs under 

the same conditions. Of the 14 females of N. avicularis 

that were reared, only one extruded a batch of 160 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. cinere_ 

to lay eggs under laboratory conditions. It was late in 

this study(after all the N. erratica and N. avicularis 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. bi i; Uons. 
. 

Then it was found that all 4 females 

of N. c nerea which were treated in this manner extruded 

eggs without any difficulty. One female B Was also 

sabjected to this treatment and? she. managed to extrude 

a batch of eggs before 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. c nerea, 

L, s gra and probably also N. erratica and N. a iculais 

this stimulus might be the presence of a body of water in 

the vicinity. In B. rjjl 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 extrude 

eggs met with no success. 

In the laboratory, it was observed that egg-laying 

occurred mainly during the day particularly when"the adults 

were, brought out of the cold room into room temperature. 

The females of C. ifrons are ovoviviparous and the eggs 

are normally laid only when the embryos are fully-developed. 

If, however, the females were placed in direct sunshine or 

near a lamp at room temperature, thWoccassionally laid 

eggs in which the embryos were still undeveloped or only 

partially so. These eggs never survived, but eggs 

containing fully developed embryos have been dissected from 

females that had died before oviposition and have hatched 

successfully on coming into contact with-water. Virgin 

females of A. s tandfussi and N. 2iatetj 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 PtArox)A=ya rn-eteus 
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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 rs, N. errat gA 

and N; cr_, g never developed when kept in water. 

That those adults had successfully mated was shown by 

the presence of sperms in the spermathecae. In C. bifrcns, 

however, fertilisation must occur while the eggs are still 

in the oviducts since this species is ovoviviparous. There 

is no spermatheca present in the C&j or, and this has 

also been found to be true of C. StrA by Brinck (1955). 

The data on various aspects of the egg-laying habits, 

such as the interval between emergence and the laying of 

the first batch of eggs, the interval between egg batches, 

the maximum number of egg-batches and the maximum total 

number of eggs recorded for each species are shown in Table 

2. The data for L. moselvi, D. n_halotes, B. 
___ risi-and 

were based only on adults collected fron 
the field. In the 2 last species it was found that none 

of the females that emerged in the laboratory laid any 

eggs. 

From the results obtained, it can be seen that most 

of the species, laid several batches 
, of, eggs. In ý.:. 

. g,. 

N. s icularis and C. t ctma only, one , 
female of. each 

species succeeded in laying eggs and therefore the single 

egg-batch recorded may be unusual. In C. bifronsj. howevers, 
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the females certainly lay only a single batch of eggs 

and they the soon afterwards. That the female of 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 I Lnubegu1a only a single batch of eggs was obtained 

from each of the 3 females that oviposited. 

The maximum number of eggs recorded for C. bifr_one 

was 713 but the usual size of an egg-batch was around 300-500 

eggs. . 
There is a tendency for the smaller-sized adults to 

lay fewer eggs. The interval between emergence and egg- 

laying (i. e. laying of fully-developed eggs) varied from 

29 to 80 days - this being influenced by temperature. One 

female which emerged in 12th March 1962 and which was kept 

at room 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. The influence of temperature 

on the interval between emergence and egg-laying is shown 

in figure I. Those which emerged early tended to show 

a longer interval between emergence and egg-laying than 

those which emerged late in the year. In 1963, this 

interval was generally shorter than inz. 1962. This was 

because the temperatures in the cold room were higher during 

March and April of 1963 than for the same period in 1962. 

Also, in 1963 the adults were intentionally left for longer 
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periods at room temperature. 

L _egnicnlata laid the largest number of eggs among 

the various Leuctra sou. The first egg-batch was quite 

large and there was a decline in the size of later batches, 

e. g. 881,493,300 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 saximum 

length of the egg-laying period was about 10 days. 

In L. u ca.. 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 to 14 days after emergence. 

In L. hthoo s, egg-laying occurred about 11 to 1$ 

days after emergence and continued for 2 to 21 weeks. 

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 

25.4.62,3.5.62 and 15.5.62 respectively. 

Egg-laying in L. inermis occurred about 12 to 19 days 

after emergence and most of the females laid only 1 or 2 

batches of eggs. One female, however, laid 3 egg batches, 

viz. 437,117 and 65 eggs on 18.6.62,21.6.62 and 25.6.62 

respectively. 

Most of the females of L. Ma&j collected from the 

field laid several batches of'eggs and the size of 6 

consecutive batches laid by a female from 13.8.62 to 
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4.9.62 was 130,337,50,387,180 and 310 eggs. The 

size of the successive egg batches was thus quite variable. 

The interval between batches ranged from 1 to 7 days but 

the usual period was 4 to 5 days. 

Only a single adult of L. AL= successfully laid a 

batch of 125 eggs after 18 days. 

The usual size of an egg-batch in A. ssulgicollis 

was around 200 - 350 eggs and the average interval between 

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

consecutive egg-batches from one 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. standfues, the size of egg-batches was around 

150 - 250 eggs and the example of the successive egg-batches 

recorded from one female was 211,243,117 and 204 eggs. 

Egg-laying-occurred about 9 to 10 days after emergence and 

the interval between egg-batches was 5 to 7 days. 

Only a single female of N. avicala, ris laid eggs, on the 

33rd day of her life. The size of the egg batch was 160 

eggs. It is likely, however, that more-than one batch 

is normally laid. One female which died without ovi- 

positing on the 33rd day was dissected and 400 to 500 mature 

eggs were found. 

The interval between emergence and egg-laying in N. 
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g"brj&gj 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, 

22.5.62,25.5.62 and 29.5.62 respectively. 

Egg laying in N. cinerea occurred about 21 to 34 

days after emergence. The size of the first egg batch 

was 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 Ajetati the usual interval between emergence 

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 some other individuals the size of 

the first egg batch was 600 to 700 eggs and the second 

was /+00 to 500 eggs. 

P 
, Maecox laid a very large number of eggs and the 

maximum length of egg-laying period was one month. The 

usual size of an egg-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. 

NOM; L laid an equally large number of egge as did 
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. The maximum length of the egg laying period 

was about 3j- weeks. The size of an egg-batch was usually 

between 300 - 500 eggs. The'females begain to lay eggs 

about 5 to 9 days after emergence and the usual period 

between egg batches was 2 to 4 days. 

None of the adults�of B Lich emerged in the 

laboratory laid any eggs. However, the maximum number 

of egg-batches recorded ffom 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 T. Huse began to lay eggs within 

24 hours of emergence and, as has been discussed earlier, 

it is possible that the maturation of the first batch of 

eggs may occur in the last nymphal instar. The size 

of the first egg batch was very large (between 960 to 

1000 eggs) but the size of the consecutive batches was 

around 200 - 350 eggs, e. g. 945,212,355 and 299 eggs 

laid on 16.3.63,20.3.63,25.3.63 and 2.4.63 respectively. 

Egg laying in C. torrantium 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 

which oviposited 4 times, the size of consecutive 

batches was as follows: 28p 15,4 and 5 eggs laid on 

28.6.6.2,29.6.62,1.7.62 and 3.7.62 respectively. 

Only a single batch of 56 eggs was obtained from a 

female C. #ri 1 collected from the field. 

Egg-laying in D. bicaadata occurred around 4 to 14 

days after emergence and the length of the egg-laying 

period 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, 4nd (c) 247,152,104 45 eggs. 

Only a single batch of, eggs was recorded from each of 

the three females of I. nubecula that oviposited. Egg- 

laying occurred so long after emergence that the females 

were observed to be very weak after oviposition and they 

died soon afterwards. 

The length of the egg-laying period in 1. gremmatica 

was about 2 to 2- weeks and the interval between emergence 

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. microcezho s ccLrred 4 to 6 day's 
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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. c otes laid a large number of eggs and the 

size of the consecutive egg batches of one female collected 

from the field was as follews: 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 F. ilipalpia, however, the eggs are usually 

still immature at the time 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. zeblosa it was found that the first 

egg-batch was considerably larger than successive batches 

even though the interval between emergence and oviposition 

was much shorter than the interval between egg batches. 

In this species, however, it is possible that the maturation 

of some of theeggs occurs in the last nymphal roster. 
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4. The Biology of the Eires 

(a) Introdctio; 

The eggs of marry species of stoneflies have been 

figured or described by various authors (e. g. Sax]. 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 Pteronarcýs 

protean (Newman) and reported the incubation periods under 

varying conditions of temperature. There have been only 

scanty record of the incubation periods of British species 

by Percival and iJhitehead (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. mr=us by Miller. He found that the develop- 

ment of the embryo was complete in about 5* months, but that 

under natural conditions the naiad remained dormant over winter, 

and hatched about 10 months after oviposition. The fatal 

effect of several hours' desidcation of the eggs of this 

species has also been mentioned by Miller. Hynes (1958), 

however, when studying the effect of 2 months' drought on 

the fauna of a small mountain stream, found that those 

species of stoneflies 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 

embryonic development, but no. attempt was made to study 

the detailed embryology of the various 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 dssic. aation on the eggs were also studied. 

ýbý MGrth41o it of ergs WW ecoloAcal sign£icance of 

mq Io icai structures. 

Figure 2 shows the eggs of the various species that were 

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

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

Leu_'_ ctra, L. moselvi, is 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)ß 

Hynes 4 ý-(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 

previously mentioned. 
0 

The eggs of stoneflies are usually surrounded by a gelat- 

inoas covering which absorbs water and expands fairly 

rapidly. In Q. biPons, however, this covering is very 

. characteristically absent. Ines (1941) mentioned the 

presence of a sticky membrane surrounding the egg of CAA 

Lj= which, he stated in 195$, was a misidentification of 



Figure 2- Eggs of: - 

A- Leactra mole] , 
B Amphinemura standfassi 

C- Ampninemura aalcicollis 

D- Protonemura praecox 

E- 
_. Q nQl týri .... x'. 

F- Capnia bifrona 

G- Nemoura avicularis 

H Nemoura cambrica 

I- Nemurella picteti' 

1- Nemoura cinerea 

K- Taeniopteryx nebuloca 

L- Chloroperla torrentiam 

&%- Chloroperla tripcmctata 

N- Diura bicaadata 

0- Isogen% nabecula 

P- Dinocras cephalotes 

Q- Pg! jA- es ; 4crMphal. a 

R- Irlagrammatica 

S- Brachyptera riss 
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Figure 2- Egge of: - 

A- Leuctra mosel, yi 

B- Amphinemura stardfus si 

C- Amphinemura sulcicollis 

D- Protonemura praecox 

E- Prottonemur m0Yeri 

F- Cgpnia biirons 

G- Nemoura avicularie 

H- Nemoura cambrica 

I- Nemurella 
_ 
p. icteu 

J- Nemoura cinerea 

K- Taeniopteryx nebuloea 

L- Ch7. oroperla torrentius 

Iý) & N2 - Chloroperla tripunctata 

N- Dl, g bicaudata 

0- Isogedb nubecula 

P- Dinocraa cephalotes 

Q- Perlodes sicroc, phe1a 

R- Isoperla grammatica 

S- Brachyptera ri. i 
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C. bifrons. Brinck (1949) studied the eggs of this species 

but did not indicate the absence of a gelatinous covering 

and his figure of Caonia a ra shows it to be present in that 

species. The absence of a 'gelatinous membrane in C. bifrons 

iss however, not surprising since the embryos are normally 

fully-developed when the eggs are laid and hatching is 

immediate. 

The Filipalpian eggs do not possess anc attachment disc 

or basal plate whereas in the Setipelpian eggs such a structure 

is present except in C_tnrrentium. The absence of a basal 

plate in this species has also been noted by Hynes (1941). 

Although the eggs of 1. gr runatica normally possess a basal 

pglatep one female of this species laid a batch of eggs in 

which no such structure was present. Except for the absence 

of the basal plate, these eggs were quite similar to normal 

eggs and they hatched saccessfuUy in the laboratory. 

An interesting feature of the eggs of I. ticri 

is that, when first laid, they are never round in cross- 

section as was indicated by Brinck (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 

possible if they were fully expanded before laying. 

The eggs of the Filipalpian species are mostly unpigmented, 

but those of B. risi are orange or light brown in colour. 
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Among the. etipalpia#, the eggs of C. torrentium, C. trinunctatA, 

I. Crammatica and I. nubecula are usually light brown while 

those of D. cqRbglotes, , 
D. bica and P. microceoha1 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 

species disappears fairly rapidly, after it has expanded 

but in most of the Filipalpian species there is a gradual 
Äfi 

shrinkage of this covering and it. is often still visible 

just before hatching. In N. Dicteti and B. rig however, 

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 surrounding the egg body, e. g. in N. cinerea 

and N cteti. In N. cinerea)-tiie; o termöst -layei öf 

this covering dissolves away within about. an hour whereas the 

remaining layers show a gradual shrinkage during development. 

There is also a difference in the degree of expansion of 

different layers, e. g. A. standfussi as compared with 

L _n selvi.. r 

, 
The ecological significance' of the gelatinoas covering 

and of the basal plate as a means of anchorage has been 

discussed by, Brink"_(1949). - However, the differences in 
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the nature and behaviour of the gelatinous covering 

suggest a variety 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 iss eaccept in C. t2rrentium, an efficient 

means of attacbnent' by the basal plate and the eggs are not 

easily detached once they have become anchored to the 

substratum. The protective effect of the gelatinous 

membrane'is thus of less significance in the Setipalpia 

and it disappears quite rapidly after expansion. In the 

Filipalpia, with the notable exception of B. risi. the means 

of attachment is mach less effective and the eggs are quite 

easily dislodged. In this group, the gelatinous covering 

does not sbrink, very rapidly and it is therefore probably 

of importance 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. 

(c) Effect of dest. cation 

It was found that eggs which were not deposited into 

water were unable to withstand exposure to the atmosphere 

for any length of time; a few hours' desi; d. cation was 



(37) 

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. victetl that were laid onto a piece 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 

I replaced in water. 

Eggs of B. riss were able to survive after being 

removed from water and left exposed to a damp atmosphere 

for 12 days. Some eggs that were completely dBsi.. cated 

did not survive when they were returned to water. 

The eggs of stoneflies appear to be able to develop 

successfully as long as they remain 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 periods 

of drought as was observed by Hynes (1958) is probably 

because they-were not completely desctccated during the drying 

up of the stream. It irs likely that the humidity down 

among the atones was-quite high and this would enable the 

gelatinous covering to remain moist during the period of 

drought. 
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(d) Vigj n ntMvon; I-I devýý ovmant_of tie ýý. 

The various stages in the embryonic developmont of the 

eggs of B. rill, T. nebulose and I. ggWaMa are shown 

in figures 3,4 and 5 respectively. Figure 6 shows the 

later stages of embryonic development and the hatching of 

the eggs of D. bica% It has been possible to follow 

in fair detail the development in D. Ljgji because of the 

slight pigmentationýof the oval-shaped eggs and because 

of the manner of attachment. 

The gelatinous covering of the eggs of B. j: js began 

to expand about 10 to 30 minutes after oviposition. - This 

covering was at first transparent but it soon became 

opalescent. When fully expanded the gelatinous covering 

attaches the egg very firmly to the substratum and it 

spreads over the egg in the same, manner as the albumen 

spreads over the yolk of a fried hen's egg. 
Quito soon after oviposition there appeared in the 

centre of the egg a dark spot which was probably the fusion 

nucleus (Stage I A). -After, the first day, this nucleus ' 

could be seen to have undergone one or two divisions as 

indicated by the presence of 2 or-4 dark spots in the egg. 

Further divisions of these. cleavage nuclei occurred till 

the 6th to 9th day, when numerous nuclei were observed 
(Stage I. B)., . Very, soon afterwards these nuclei could no 

longer. be seen (Stage I C). This stage probably corresponds 

to the migration of the cleavage cells to the surface of 



Figure 3- Embryonic development in Brill. 

IA-IC- Division of fusion nucleus and ultimate 

formation of germ disc. 

II A- II B- Imagination of germ disc to form early embryo 

and the cleavage of yolk. 

III A- III C- Lengthening of embryo and its arching into the 

yolk. 

IV A- IV B- Broadening and shortening of embryo till the stage 

prior to blastokinesis. 

VA-Tc- 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 Miller (1939) in P. . =tea:. 

In B, rig all the eggs seemed to undergo diapause at this 

stage and no further change was observed till 2 to 3-j months 

later (depending on the egg batch) when some eggs began to 

show a depression in the yolk (Stage II A -"Yolk depression"). 

This stage probably corresponds to the invagination of the 

gern disc to form an early embryo. In P. otens and in 

many other species (e. g. RMQgZ, L. b, T, % nabujqjLq) 

which do not undergo diapanse, the invagination of the, germ 

disc occurs very soon after its formation. 

The time taken for post-diapause development in B. 

(i. e. the interval between "yolk depression". and the first 

hatching of the eggs) was about 11 to 2 months. One day 

after the invagination of the germ disc,, cleavage of the yolk 

occurred (Stage II B- "Yolk cleavage and depression"). At 

this stage it could be seen that the embryo became slightly 

elongated but its position remained unchanged. The next 

three stages (Stage III A to III C), lasting about a week, 

showed the lengthening and the dorsal arching of the embryo 

into the yolk. Stage III A was reached after about 5 to 6 

days of post-diapause development and the embryo at this stage 

appeared to be still unsegmented. However., the protocephalic 

lobes were already sharply differentiated from the narrow 

protocorm and the embryo was beginning to arch into the yolk 

near its posterior end. Stage III B showed a more pro- 


