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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 



(23) 
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 
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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. 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- 



Figure 4- Embryonic development in 1. nghalgar. 

Stages corresponding to those in B. r si. (fig. 3). 
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nounced arching of the embryo and a great increase in 

length. Slight evidence of segmentation of the embryo 

was nowvisible. Evidence of further segmentation occurred 

in Stage III C when the embryo appeared to have reached 

its maximum length. The next stage, which was about 3 

days later, was the shortening and broadening of the embryo 

as well as the appearance of limb-buds (Stage IV A). By 

about the 22nd day of post-diapause development., the embryp 

was found to have reached the stage (Stage IV B) which was 

quite close to, blastokinesis (i. e. the rupture of the amnion 

and serosa, and the associated movements of the embryo which 

result in its becoming more or less C-shaped) Blastokinesis 

was not observed but it probably occurred between the 23rd 

and 25th day after the breaking of diapause. 
, 

Stage V A' 

showed the embryo on the 25th day of post-diapause develop- 

ment and this was probably the stage just after blastokinesis. 

Instead of lying sideways, the embryo seemed to lie with its 

frontal surface more or less upwards. At this, stage the 

antennal and cereal buds had not been fully-elongated and 

the eyes were still absent. However, the size of the embryo 

had increased considerably. By the next day, the embryo 

was found to have reverted to its sideways position (Stage V We 

On ih's 33rd day after the breaking of diapaase the embryo 

was almost fully-developed (Stage V C), The egg-tooth and 

the eyes were already present and the antennal and cereal 

buds appeared to have reached their maximum lengths; but 
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the antennae and cerci were still unsegmented. Hatching 

occurred about 2 weeks after this stage was reached. The 

above descriptions were based on eggs reared under conditions 

in the cold room. 

The various stages of the embryonic development of 

T. ! 2bUjO6A and jo grq= j, , are shown in figures 4 and 5 

respectively. The stages that are indicated correspond 

roughly to those described for B. risi , but the length of 

each stage varies between the species. In T. netýulgea 

as in most other Filipalpian species, the orientation of 

the embryo, as observed under a microscope, was quite 

variable because of the spherical nature of the egg. 

Thus, in contrast to Brisk where the flattened gelatinous 

covering holds the egg in one position, the developing 

embryos can often be seen in different views while the eggs 

Footnote 1. 
Blastokinesis, as designated by Wheeler (1$93), refers to the 

oscillatory movements or flexions of the germ band during development. 

Johannsen and Butt (1941) use the term to include all displacements, 

rotations, or revolution of the embryo within the egg since the flexions 

of the embryo in some cases cannot be clearly distinguished from shifts 

due to growth in length and to later contraction. Miller (1939) refers 

to it as a process during which occurred the rupture of the amnion and 

serosa and the slipping of the embryo out of the yolk. The term is 

used here in the same sense as that used by Miller. 



Figure 5- Embryonic development in I. m=at ca 

Stages IA to VC as in B. risi (fig. 3). 

IA to IV B- side view of egg. 

YC- dorsal view of egg. 

VI - empty egg-shell (dorsal view). 
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are still attached to the bottom of the petri-dish. Also, 

because of the lack of pigmentation in the eggs, the details 

of the various stages are not as clearly observed as in the 

eggs of B. risJ . 

There is no occurrence of a diapause at any particular 

embryonic stage in nebq, 1o . The drawings shown in figure 

4 were made from the same egg reared at room temperature. 

The development of the egg was complete on the 12th day but 

hatching occurred on the 15th day. Stage IIB was reached 

3 days after oviposition and by the 7th day the embryo was 

found to be in Stage III C. A day later Stage IV B was 

reached and blastokincsis seemed to occur between the 8th 

and 10th day. At Stage V B, which was on the 11th day of 

devdlopment, the eyes were vaguely visible but the antennae 

were still unsegmented. On the 12th day the embryo was 

fully developed and movements were observed. The cerci were 

seen to be fully segmented (Stage V C). Hatching occurred 

3 days later. 

In I gr, ter; the incubation period of the eggs at room 

temperature was about a month. The eggs were seen to be in 

Stage II B about, 7 days after oviposition. The dorsal 

arching of the embryo (Stage III A) occurred a day later and 

by the 12th day of development the embryo had reached Stage 

III C, and segmentation was clearly visible. Soon after 

this stage, the broadening of the embryo occurred and around 

the 16th day the embryo was observed to be in Stage IV B. 
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Figure 6- Revolution of embryo and hatching in D. bieand&". 

A- Stage of diapause prior to revolution of embryo. 

B- Embryo in the process of revolution. 

C- Completion of revolution of embryo. 

D- , Dorsal view of C. 

E- Hatching. 
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Blastokinesis was not seen and by the 26th day the embryo 

was almost fully developed (Stage V C). Hatching occurred 

about 4 days later. 

One interesting feature in the embryonic development of 

I. grammatica and of the various other Setipalpian species 

that were studied is that blastokinesis involves the revolution 

of the embryo in the longitudinal axis of the egg whereas in 

14_XJ*, this-,. vas not so. In I. era tica it can be seen that 

prior to blastokinesis, at Stage IV B, the head of the embryo 

was ventral in position but after blastokinesis (Stage V C) 

the head came to lie dorsally and eclosion occurred at this 

end. 

The stages in the revolution of the embryo and of the 

hatching of the eggs o D. bicauda a are shown in Figure 6. 

Blastokinesis seemed to occur fairly rapidly once the process 

had-been initiated and for this, reason the intermediate 

stage (Figure 
.6- 

B) was not often observed. What is indeed 

interesting in this species is that the eggs can remain in 

diapause for several months at (A) which corresponds to stage 

IV B that has been described for D. T. nebulose and 

I_. grammatica. However, in the pre-blastokinesis stage of 

D. bicaudata the eyes were already visible even though the 

antennal buds had not yet elongated. The revolution of 

the embryo seems to involve the'"pulling" of the head back- 

wards till it comes to lie on the dorsal end of the egg where 
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eclosion occurs. Further details of the pattern of 

behaviour of the eggs of this species are given in Chapter 

IV on diapause and in the following section on the hatching 

of eggs. 

(4) I itc ng of e 

The hatching of the eggs of 24 species was studied. 

Figures 7 to 17 show the incubation periods, hatching 

periods and the percentage hatching of some representative 

egg-batches of the various species under the conditions 

indicated. The temperature conditions and the photopßriods 

in the cold room are shown with each figure whereas the 

room temperatures are shown in figure I in the Appendix. 

The horizontal connections below the base line in figures 

7 to 17 indicate the length of the incubation periods, i. e. 

the int real between oviposition and the first hatching of 

the eggs. Those marked with an asterisk indicate'. that 

the data were based on several egg batches that were laid 

during the period. 

Carnia bifrono 

The data regarding the hatching of the eggs of C. bifrons 

are not shown in the figures. In this species, the eggs 

are normally deposited only when the embryos are fully- 

developed and hatching is immediate. Eggs that were laid 

prematurely, i. e. men the embryos ware incompletely developed, 

never survived in water. 

The hatching of most of the eggs occurred within one 



Figures 7 to 17 

The length of incubation periods and hatching of eggs. 

Temperature conditions and photoperiods in the cold room are shown: 

P- photoperiods in hours of light per day 

T- temperature in °C. 

Roon temperatures are shown in Figure I in Appendix. 

Temperature in refrigerator: 3- 5°C. 



CL 

E o 

O 

E v 
o 
0 0 

74 

}ý k 

"o 

oN 
,o00 

o °\b 
o ýo 

O 
O 
N 

10 

" 

0°o ö 
ýA 0ö 

a°ý 
00ö (vi 

ßuiy3; DH "!. 

N 
tý 
Of 



(45) 

minute after oviposition and the few remaining eggs 

usually hatched after a few minutes or sometimes after several 
hours. Thus., the hatching and incubation periods of the 

eggs are extremely short and this has also been found 

previously by Hynes (1941) and Brinck (1949). 

The percentage of hatching was very high and there were 

sometimes only 2 to 10 undeveloped eggs in any single egg- 
batch. 

LeuctXa fu_s_; a (Figure ?) 

Seventeen egg-batches were obtained in 1961,1962 and 

1963 and the results for several of these are shown in the 

figure. 

The eggs which were laid in late August began to hatch 

in the cold room in late September after an average incubation 

period of 33 days while those that were laid in November 

began to hatch. only in late January or in February after 

an average period of 89 days. At room temperature, the 

incubation period of eggs laid during both these periods 

varied from 22 to 33 days. The long incubation period, in 

the cold room, of eggs that were laid in November was due to 

the slow rate of embryonic development resulting from the 

falling temperatures during this time. 

The hatching period of a single egg-batch extended 

for about 1 to 1- months. This fairly long hatching period 

seems to be due to the irregular rate of development since 

the eggs in any one batch were often observed to be in 
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different stages of development. It was found that the 

fully-developed embryos were unable to survive within the 

eggs for more than a few days if they failed to hatch. 

Although a large number of eggs developed successfully 

both in the cold room and at room temperature, the percentage 

of hatching was quite variable. It :: 'wa's' found that the 

low percentage of hatching was due largely to the degeneration 

of the fully-developed embryos within the eggs. In 1961, 

the eggs which began to hatch from December to January at 

room temperature showed a lower percentage of hatching than 

the eggs which began to hatch from late November to December. 

In 1962, the eggs which began to hatch from late September 

to October*at room temperature also showed a lower percentage 

of hatching than those which hatched from the second week of 

September to early October. In both cases, the low percent- 

age of hatching was apparently correlated with the high room 

temperature (Maximum of 23.5°C) daring January and October 

of 1962, and it seems likely that the high temperature 

prevented the successful hatching of a large number of fully- 

developed embryos. 

In 1962, in the cold room, the eggs which began to hatch 

in January or February also showed a lower percentage of 

hatching than those which hatched in September or October. 

In this case the unsuccessful hatching of a large percentage 

of bhe fully-developed`wiembryos was probably associated with 

the extremely low temperature (3.5°C) in the cold room. 
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In 1964, it was found that a batch of eggs (not shown in the 

figure) which was laid on 19.11.63 and kept in the cold room 

began to hatch in late February when the temperature was 5° 

to 6°C. The percentage- of hatching recorded was 94%. It 

is thus possible that the low temperature of 3.5°C could have 

resulted in the decreased activity of the fuL: -developed 

embryos and as such prevented many of them from successfully 

breaking out of the egg-shells. 

The incubation period of the eggs of this species has 

been recorded by Brinck (1949) as 24 days at 18°C. 

Leactra hivnonus (Figure 7) 

More than 30. egg-batches were studied. The incubation 

periods'of the eggs kept at room temperature varied from 15 

to 21 days. In the cold room., eggs laid in early NMay began 

to hatch in June, after a period of 36 days at 9.5°C. Eggs 

laid in early June began to hatch'after 33 days, This 

slightly shorter incubation period was due to the, rising 

temperature of the cold room to 13.5°C in late June. 

Unlike in h. fasca, the hatching period in this species 

was quite short, lasting only about 7 to 13 days. 

The percentage, of hatching was usually high and it was 

observed that fplly-developed embryos degenerated when they 

did not hatch, within a few days. 

Brinck(1949) recorded an incubation period of 21 days at 

18oC. " 
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Leuctra inermis (Figure ?) 

1 Ten egg-batches were-obtained from June to August of 

1962 and the results of 6 representative batches are shown 

in the figure. 

The incubation period at room temperature was 21 days. 

In the cold room, the average incubation period of eggs laid 

in June was 31 days while that of eggs laid in August, when 

the temperature was higher, was 28 days. 

The percentage of hatching was quite variable both at 

room temperature and in the cold room. Of the 10 batches 

that were studied., it was found that 4 showed more than 90% 

hatching., 2 between 80-90%9 2 between 70-80% and 2 below 60%. 

One interesting feature of the percentage of hatching in 

this species is that, unlike in L. or L. him, the 

remaining, unhatched eggs consisted mainly of seemingly un- 

developed, eggs rather than of eggs containing degenerate 

embryos. Whether these eggs were truly undeveloped or were 

in diapause at an early germ disc stage was unfortunately 

not determined as these eggs were discarded after some time. 

However, on the basis of the present data, the hatching 

period is around 1 to 2 weeks. 

Hynes (1941) recorded an incubation period of 28 days 

at 15°C and-a hatching period of 20 days. 

Letcträ aeniculata (Figure äff) 

Thirteen egg-batches were studied but only 4 representative 

batches are shown in the figure. 
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The average incubation period at room temperature was 

18 dais and in the cold room it was 21+c; ays at 14.5°C. 

The development of the eggs, unlike that of'L. fusca, 

was quite regular and this was reflected in the short hatching 

period. In the cold room, hatching wqs almost over within 

a few days but-at room temperature it continued for about 

2 weeks although most of it occurrsd. during the first week. 

A lower percentage of hatching was obtained at room 

temperature than in the cold room. This was due largely 

to the degeneration of well-developed embryos within the eggs. 

Leuctra nose, (Figure $i 

Eighteen egg-batches were studied. 

The incubation period at room temperature was about 

25 days. In, the cold room, the average incubation period 

of eggs laid in Augast was 33 days. 

As in L. füsc, there was a fairly long hatching period 

of about 1 to 1* months due. to the, irregular development. 

The percentage of hatching was higher in the cold room 

than at room temperature, and in both, most of the remaining 

eggs contained fully-developed embryos which had degenerated. 

Leuctra nigrA (Figure 8) - 

Orly one batch of eggs was obtained. They began to 

hatch after 38 days in the cold room and, continued hatching 

for about 9 days. 
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Nemoura cambrica (Figure 9) 

Nine egg-batches were studied. 

The average incubation period at room temperature was 

17 days. In the cold room, hatching occurred after about 

30 days at 9.50C. 

There was only a very short hatching period varying 

from 4 to 14 days. 

The percentage of hatching was generally quite high 

and remaining eggs were xiisaally immature or contained 

fully-developed embryos which had degenerated. 

Nemoura cinerea (Figures 9 and 10) 

Only five egg-batches laid by'2 adults of this species 

were studied. The egg-batches laid by. the same adults are 

indicated by the same symbol in figure 9. The'eggs of this 

species showed the most interesting pattern of development. 

In figure 9 it can be seen that the incubation periods 

were 88 days and 122'days for the 2 egg-batches reared at 

room temperature while in the cold room the periods recorded 

were 54,, 72 and 82 days respectively. Thus, unlike the 

other species that have been described here, the incubation 

period of N. cine ra was longer at room temperature than 

at the 16wer temperatures in the cold 
room. 

There was a very prolonged hatching period of about 5 

months in the cold room but this period was very much shorter 

at room temperature. 

The percentage of hatching in the cold room was between 
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67% and 85% while at room temperature it was below 20%. 

It was observed that a large proportion of those which 

filed to hatch consisted in both cases of eggs in which 

fully-developed embryos had degenerated. 

For an understanding of the above results it is necessary 

to describe the development under the differing conditions 

and to correlate the various stages of embryonic development 

with the environmental conditions. 

At room temperature, the eggs laid on 3.7.62 and 7.8.62 

showed an initial rapid development. About 4 days after 

oviposition they were found to be in the stage of "yolk 

cleavage and depression", (cf. Stage, II Bin figure 3). 

They remained at this stage for some time and no further 

change was observed till 20.9.62 when several eggs were found 
had 

to be in the stage in which the embryoo/elongated and were 

arching intothe yolk (cf. Stages III A to III C in figure 

3). By 4.10.62 many eggs with fully-developed embryos 

were observed bitt no hatching occurred till late October, 

by which time several of these embryos were beginning to 

degenerate. It is worth noting that, although the dates 

of oviposition of the 2 egg batches were more than a month 

apart, the resumption of development and the beginning of 

hatching occurred at about the "to date in each instance. 

In the cold room the development of the'eggs was quite 

erratic. Just as at room temperature, the eggs were at 

the stage of. "yolk cleavage and. depression" four days after 
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ovipöaition. Some, -hw ever, continued to develop without 

interruption until complete embryos were formed, about 3 to 

5 weeks after being laid (e. g. some eggs laid on 2.8.62 were 

fully-developed on 21.8.62); others within the same batch 

did not reach stage-III A until mid or late'September. 

Although full-developed embryos were found in August, 
, 
latching 

began only in late, September. ''It"is interesting to note 

that egg-batches-laid about a , month apart began hatching at 

the same period and that this occurred about a month earlier 

than at room"temperature. 

From the above observations, it appears that'at room 

= temperature, -all the eggs undergo diapause at the stage of 
ak 

"yolk cleavage and depression". The breaking of diapause in 

the second half of September . seems. to be aspociated with the 

temporary fall in the room temperature to a minimum of 130C 

during, this period. (Figure I in Appendix). - Although fully- 

developed embryos were found in early October no hatching 

occurred during this,, period when the room temperature was 

above 15°C. Hatching began,, however,. in late-October when 

the room temperature again fell fora short period to a 

minimum of 10°C. The low : percentage' of hatching resulting 

from the degeneration of fully-developed embryos, as probably 

because they were unable to survive within the eggs for too 

long a period at room temperature. 

In the cold room, --the temperature of 13.5°C to 14. $°C 

did not cause an interruption of development in some eggs 
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which were fully-developed in August. The hatching of 

eggs in late September seems to be associated to the fall 

in temperature on 21.9.63 to 9.5°C. 

The effect of falling temperatures on the hatching of 

the eggs can be seen in the following experiment, the results 

of which are shown in figure 10. A batch of 90S eggs laid 

on 13.7.62 was: reared in the cold room. At different 

intervals the eggs, containing well-developed embryos, were 

removed and kept in separate dishes under the conditions 

shown. On 28.8.62,31 eggs were removed and kept in two 

dishes. One dish containing 15 eggs was kept in a refrigerator 

at about 3- 5°C while the other containing 16 eggs was left 

in the cold room. On 14.9.62 a batch of 110 well-developed 

eggs was again removed and left in a separate dish in the 

cold room. The hatching of these and of the remaining eggs 

was then recorded. 

From the results shown in figure 10 it can be seen that 

hatching occurred much earlier among eggs that were transferred 

to the refrigerator than among eggs that were left in the cold 

room in which the temperature began to fall, only on 21.9.62. 

Also, in the cold room, the eggs in which the embryos were 

fully-developed after 14.9.62 showed an earlier hatching than 

'the eggs in which the embryos were fully-developed before this 

date., Those eggs in which the fully-developed embryos occurred 

later would have undergone diapause in the "yolk cleavage and 

depression" stage and they probably did not undergo diapause 
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again in the fully-developed stage. On the other hand, 

those eggs which did not show an interruption in the early 

embryonic development underwent diapause in the fully-developed 

stage. The long hatching period also suggests that the 

fully-developed embryos are able to survive within the eggs 

for long periods at low temperatures. 

(Figure 11) 

Only a single egg batch of 160 eggs was obtained, on 

20,6.62. 

The incubation period in the cold room was 19 days 

and hatching occurred over about 9 days. Fully-developed *. ý 

embryos that did not hatch within a short period were 

found to degenerate. 

Nemmt ells vtct9ti (Figure 11) 

Fifteen egg batches were studied. 

The incubation period at room temperature was 14 days, 

and in the cold room the eggs began to hatch after 

days at 14.50C. Eggs that were kept at about 3- 5°C 

showed an incubation period of 71 days. 

The hatching period extended over 3 weeks in the cold 

room but a large percentage of the eggs hatched within the 

first week. 

The percentage of hatching was generally high under. all 

the conditions studied. 

Protone a uraecax (Figure 11) 

Moi, e than 20 egg-batches, were studied. 
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At room temperature, the eggs began to hatch 18 days 

after oviposition. In the cold room, the eggs laid on 

12.3.62 began to hatch after 59 days while those laid on 

10.4.62 began to batch after 33 days. The eggs laid 

between these two dates showed an incubation period varying 

from 42 to 51 days. The rising temperature of the cold 

room during April resulted in a shortening of the incubation 

periods of eggs laid during this period. 

The hatching of most of the eggs occurred within a few 

days to a week. It was observed that fully-developed 

embryos degenerated when they did not hatch during this 

period. 

A lower percentage of hatching was obtained at room 

temperature-than in the cold room due to the degeneration 

of the fully-developed embryos. 

Hynes (1941) recorded an incubation period of 18 days 

at 15°C. 

gX4tonq rA meyeri (Figure 11 

More than 30 egg-batches were obtained from late 

April, to May 1962. 

The incubation period of the eggs at room temperature 

was 18 days; in the cold room it was 29 days at 9.50C. 

Hatching occurred for only a few days to a week and the 

faly-developed embryos degenerated if they did not hatch 

within this period. 

The percentage of hatching was fairly high and the 
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remaining unhatched eggs were undeveloped or contained 

degenerate embryos. 

Tagninteryx nebulosa (Figure 12) 

A total of 12 egg batches was : studied. 

The average incubation period at Loom temperature was 

14 days. In the cold room, the eggs laid 1.3.62 began to 

hatch after 61 days while those laid on 16.3.63 began to 

hatch after 35 days. The shorter incubation period 

recorded in 1963 was due to the higher temperatures in the 

cold room during March and April of this year than during 

the same period of 1962. 

The hatching period was short and lasted for about 1Q 

days in the cold room. The fully-developed eggs soon 

degenerated if they did not hatch within this period. 

The percentage of hatching was very much higher in the 

cold room than at room temperature. The low percentage 

of hatching under the latter condition was due to the 

, 
degeneration. of. fully-developed embryos. 

The incubation period recorded by Percival and White- 

head (1928) was 20 days at 15°C. Hynes (1941) recorded 

an incubation period of 24 to 26 days at the same temperature. 

Bra vnt ra,, risi (Figure 12) 

Seven egg-batches laid by 3 adults were studied in 1962 

and the results of 6 batches are shown in figure 12. Egg- 

batchesýlaid by the same female are indicated by the same 

symbol (e .g al. - a3, b1 - b2 and c3 were laid bb 3 different 



0 
NI 0. 

I. 

IL 

o LID 

O: 
'O 

.0ýO 

CL E E, O 
dO 

OOO 

uo 

O 

ap 

typ 0.11 

O 
Q 

O 
co 

0 
P% 

0 
%D 

0 
iA AOi O O 

6UI1131DH "J. 



(57) 

females). As has been described earlier in the chapter, 

all the eggs of B. r undergo diapaase at the "germ disc" 

stage and the breaking of diapause is indicated by the 

appearance of a depression in the yolk which corresponds to 

the iuvagination of the germ disc to form the early embryo. 

The shaded` 'areas in figure 12 show the periods of diapause 
"R 

of the different egg-batches. ' The breaking of diapause 

among the eggs of any one batch was very variable. Even 

at the time of hatching the eggs in any one batch could be 

seen to be in various stages of development and some were 

only just breaking diapause during this period. Hence, the 

shaded areas indicate only the inception and the first 

breaking of diapause. 

The eggs of B rii showed a very long incubation period. 

At room temperature, egg-batches a3 and b1 began to hatch 

after 152 and 126 days respectively. In the cold room, the 

incubation periods of a1, az, b2 and c1 were 165,174,105 

and I$3 days respectively. 

A very high percentage of hatching (94 - 100%) was 

obtained from eggs reared in the cold room and the hatching 

period extended for a period of 11 to 2 months. This 

long hatching period was observed to be largely due to the 

irregular breaking of diapause. At room temperature-the 

percentage of hatc1iing recorded was rather low (below 15%) 

in spite of the fact that most if not all of the eggs 

developed oaccessfully to the stage of a complete embryo. 
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It appears that high temperatures' are unfavourable for the 

hatching of the eggs even though they do not inhibit the 

development of the embryos. The fplly-developed embryos 

degenerate within the eggs if they do not hatch within a 

short period. 

In figure 12 it can be seen that the length of diapause 

was quite variable between the egg-batches. Batches b, and 

b2 showed a much shorter period of diapause than the batches 

a, to a3 and a1 and they showed'a correspondingly shorter 

incubation period. The initiation and breaking of diapaase 

do not seem to be influenced by the environmental conditions 

experienced by the eggs as can be seen by the varying periods 

during which the eggs began to undergo and to break diapause. 

At room temperature, egg batch b1 began to break diapause in 

late August when therä was no'fall in the temperature (Fig. I - 

Appendix). In the cold room, the breaking of diapause in 

egg batches b2 and az occurred in August and early September 

respectively, before any fall in the temperature had taken 

place. 
, 

The length of diapause, however, seems to be associated 

with the adults. It is perhaps interesting to point out 

that egg batches al to a3, and ci"were laid by adults collected 

from River Terrig and kept in the cold room while bi and b2 

were laid by an adult collected from a different locality 

(Horseshoe Pass in N. Wales) and kept at'room temperature. 

Although the breaking of diapause was not dependent 

upon a fall in temperature, the diapause period could be 
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prolonged by low temperatures. 

A batch of 274 eggs laid by the same adult as a1 to a3 

was obtained on 29.5.62 and was kept in the cold room. The 

eggs were still in diapause when they were transferred on 

24.8.62 to a refrigerator at about 3- 50C where they were 

left for nearly 6r months. With the exception of 4 eggs 

that hatched between late January and early February of 1963, 

all the remaining eggs showed no sign of development during 

the period in the refrigerator. The eggs were removed from 

the refrigerator on 4.3.63 and were divided into separate 

batches and kept under 4 different conditions as indicated 

in Table 3" The box in the cold room experienced temperatures 

29.5.62 - 23.8.62 24.5.62 - 3.3.63 4.3.63 onwards 
1. Cold room 

Normal photoperiods 

2. Box in bold room 
Decreasing photo- 

periods 
Cold room Refrigerator 

3- 50C 3" Box at room temperature 
Normal photoperiods 

Normal photo= Complete dark4 
periods news for most 4. Box at room temperature 

of the time. Decreasing photo- 
pe . cods 

Table 3. 

which varied daily. from'the temperature of the cold room to 

about 200 higher., The decreasing photopee pds indicated 

were about 4 months' ahead' of the normal photo I periodic' 

regime. The. eggs were observed to'break diapause in May 

-1963. in all the 4 sets of, conditions. Hatching occurred 
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from July to September in the cold room. At room 

temperatures, fully-developed embryos were observed in 

both boxes during July but only 2 eggs hatched in box 4. 

Thus, the eggs showed an indubation period of about 14 -' 
months and they remained in diäpause for 11 to 12 months. 

It is interesting to note that the breaking of diapause 

did not occur immediately after the eggs were transferred 

from the refrigerator to the various conditions. The long 

diapatise period seems to be due to the chilling of the eggs 

iL 
- 

and further studies (Chapter IV) did not show any influence 

of photoperiods on the eggs of this species. 

AMpWM2UgL (Figure 13) 

Nineteen egg-batches laid during June 1962 were' 

studied. 

The average incubation period at room temperature was 

16 days and hatching continued for days. In the'cold 

room, the eggs began to hatch after 26 days and continued 

to do so for about a week. 

The percentage of hatching was quite high at both 

temperatures. The fully-developed embryos degenerated 

if they did not hatch within a. few days. 

eure stand, ussi (Figure 13) 

Seventeen egg-batChes, werd studied. 
rL 

' 

At room temperature., none of the eggs-developed beyond 

the "yolk depression" stage (cf. Stage II A in figure 3) and 

most remained at'the "germ disc" stage (cf. Stage IC in 
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figure 3) till they finally died. Thep were able, however, 

to survive for a fairly long period in this dormant stage 

and eggs that were transferred to a refrigerator (about 3 

to 5°C) after slightly more than 4 months at room temperature 

were observed to reams development, e. g. egg-batches (a3) and 

(e), laid on 6.9.62 and 1.9.62 respectively and transferred 

on 8.1.63, were found to have hatched on 19.4.63 after a total 

incubation period of about 7j months. 

Eggs reared in the refrigerator showed an incubation 

period of aboat 5 months. 

The incubation period in the cold room usually varied 

from 4 to 5j "months but one egg-batch-(d) only began to hatch 

after 7 months. The eggs seemed to be able to remain for 

a fairly long period at any of the 3 stages, viz. "germ disc" 

(Stage I C), "yolk depression (Stage II A) or "yolk cleavage 

and depression" (Stage II B). Although some eggs reached 

stage II B as early as 9.19.62, 'no further change was observed 

till late November when eggs in stages III A to III C were 

found. The resumption of development seems to have been 

associated with the fa]. L in the temperature of the cold room 

to 3.50C. Some eggs did not resume development until quite 

late and this was shown by the long incubation period of egg- 

, batch (d). 

The length of hatching period in'the cold room was about 

2* months. 

Some egg batches (e. g. -al to a3 and f) showed a high 

I 
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percentage of hatching while others (e. g. b1, c and d) laid 

by different adults showed only a very low percentage of 

hatching. The unhatched eggs were seemingly undeveloped 

but they could possibly have been in a state of diapause 

in stage I C. 

Djngcras cenalotes (Figure 14) 

Altogether 12 egg-batches were studied. 

The average incubation period at room temperature was +, 

44 days. In the cold room, eggs laid in June began to hatch 

after 71 days. 

A lower percentage of hatching was obtained at room 

temperature than in the cold room and this was found to be 

due to the degeneration of fully-developed embryos. 

Hatching usually continued for about 4 months in the 

cold room but a high percentage of the eggs hatched during 

the first2 weeks, e. g. egg batches (a). In egg-batch (b), 

however., there was a very prolonged hatching period of 11 

months. -This was a very large batch of 1185 eggs which 

were attached all along the inside of a1x3 in. specimen 

tube (open at one end) that was kept in a large dish of water. 

The gradual and very prolonged hatching seems to be due to 

environmental conditions, possibly an oxygen gradient along 

the inside of the tube., since other egg-batches laid by the 

same adult onto Petri-dishes showed a pattern of hatching 

similar to'that of (a). 
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The incubation period recorded by Hynes (1941) was 97 

to 112 days at 15°C. 

t 
Chlý]Mr1a torrentium (Figure 15) 

Eleven egg-batches were studied. 

At room temperature, the eggs began to hatch after 25 

days and continued hatching for about 7 days. 

In the cold room, the eggs laid in late May or early 

June began to hatch after 46 days while those laid in late 

June began to hatch after 36 days due to the higher temperatures 

ýý 

during the latter period. The hatching period was about 

10 days. The fully-developed embryos soon degenerate if 

they do not thatch:,, 

Hynes (1941) found that the eggs began to hatch after 

28 to'61 days, at~ 15oC and that the usual period was 30 days. 

Chlorotrla tsivunctata (Figure 15) 

Only one egg-batch was obtained during June 1962. 

Hynes (1961) suggests that this species might have a 

very long incubation period, but the present study does not 

indicate this. The eggs reared in the cold room began to 

hatch after 56'days. 

Diura bicaadata (Figure 16) 

Twelve egg batches were obtained during 1962 from 3 

adults (a, b and c). 

This species showsa most interesting pattern of develop- 

ment in that some adults lay only diapause eggs (e. g. bio 61 

and c2) while others lay non-diapause"as well as diapause 
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eggs within the same batch (e. g. a1 to a3). During the 

studies in 1962, the exact origin of the adults was not 

determined since the nymphs collected from two different 

localities (Afon:! Hirnant and Lake Bala) were reared together 

in the same enamel dish. However, further studies in 1963 

(Chapter IV) have shown that adults from Lake Bala laid both 

diapause and non-diapause eggs while those from Afom Hirnant 

laid only dia. pause eggs. 

The eggs undergo diapaare at the stage just prior to the 

revolution of the embryo (Figure 6A). In diapause eggs., 

this stage was reached 3, to 4 months after oviposition but 

in non-diapaase eggs the interval was shorter. At room 

temperature, the diapause eggs remained at this stage till 

they finally degenerated, e. g. az and c2. Egg batch c2 

consisted only of diapause eggs and therefore no hatching 

occurred. In a2, a high percentage of the eggs were of the 

non-diappuse type and hatching occurred 50 days after ovi- 

position. The remaining diapause eggs never broke diapause 

at room temperature. 

In the cold room, egg-batches a1 and a3 showed 2 distinct 

hatching periods. The non-diapaase eggs began to hatch after 

about 85 days while the diapause eggs began to hatch after an 

average of 332 days. The eggs belonging to b and c1 were 

all of the diapause type and the incubation periods were 298 

and-; 262 days respectively. The breck ing of diapause in bi 

and c1 began to occur on 22.2.63 and 19.1.63 respectively 
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and in a1 and a3 on 12.3.63 and 22.2.63. The fairly long 

hatching period (about 1 to 1} months) of diapauss eggs was 
due to the gradual breaking of diapause. 

From the present study it can be seen that the breaking 

of diapause is dependent on the fall in the temperature 

during winter. Non-diapause eggs, however, were able to 

develop and to hatdh successfully without any fall in 

temperature and the length of their incubation period was 

shorter at room temperature than in the cold room. 

Hynes (1941) estimated that the eggs of D. bicaudata 

might take about-2 months to hatch in lake Windermere while 

Brinck (1949) estimated an incubation period of about one 

month under natural conditions in Northern Sweden. It is 

very likely that Brinck was dealing with specimens of the 

'Afon Hirnant' type in which the long incubation period 

could have resulted in the main hatching of the eggs around 

the beginning of the flight period and this would give rise 

to a false impression of a short incubation period. In any 

case, an incubation period of one month would be quite 

unlikely under the' generally low temperatures in Northern 

Sweden. The estimation given by, Hynes seems to be fairly 

close to the incubation period obtained for the non-diapause 

eggs and it is possible that the specimens occurring in Lake 

Windermere might be of the 'Lake Bala' type. 

IsgR2rl ,; ̀tica 
(Figure 17) 

Altogether 20 egg-batches were studied. 
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The eggs began to hatch älter about 30 days at room 

temperature and hatching continued fof about 45 days, In 

the cold room, the average incubation period of eggs laid in 

late May and early June was 54 days and the usual length of 

hatching period was around 50 days. 

A few egg-batches showed nearly 90% hatching but many 

showed less than 75% hatching. Most of the remaining unhatched 

eggs were seemingly undeveloped but they could possibly be in 

diapanse at the "germ disc" stage (Stage I C, in figure 3). 

However, these eggs were kept only till early October after 

which they were discarded when no change was observed. 
Per? odes mýc�ee a3a (Figure 17) 

Only 3 egg-batches were studied. 

At room temperature, the eggs began to hatch after 33 

days and hatching continued for 21 days. 'The incubation 

period in the cold room was 7 days. Eggs reared under a 

constant photoperiod of 12j hours of light per day and under 

temperatures varying daily from 10 to 70C (not shown in figure) 

began to batch after 194 days. This long incubation period 

seems to be due to the low temperatures experienced by the eggs. 

Percival and Whitehead (1928) recorded an incubation period 

of 91 days at about 15.5°C. 

log Ms ntz e, Cula (Figure 17) 

3 egg batches were studied. 

Eggs reared at room temperature began to hatch after 

34 days. In the cold room, hatching occurred after 65 days. 
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Most of the hatching occurred within a short period and the 

pattern of behaviour was fairly similar to that of P., 
_ML, =_ 

ceighal 

The present study has shown, for the first time, the 

occurrence of diapause in the eggs of N. c nerea, A. s__ tend- 

B. ri i and Dbicaudata. In those species that 

did not undergo-diapause in the egg-stage, the incubation 

periods were generally shorter at room temperature than at 

the lower temperatures in the cold room. The breaking of 

diapause in N. ci nerea, A. standfussi and D. bicaudata 

seemed to depend upon a fall of temperature but in B. risi 

this did not appear to be so. Although the fairly high 

room temperature did not prevent the development of the 

embryos in B. jai and in the non-diapause eggs of the 

various species, the successful hatching of these eggs was 

greatly reduced in several cases. The unfavourable effect 

of high temperatures on the hatching of the eggs was probably 

due to the lower oxygen content of the water, which might 

not be sufficient to meet the needs of the embryos during 

eclosion. 

The occurrence of a delayed hatching of some eggs 

was shown by only a few species. In Lfussi cg, L. mooselvi 

and probably also I. zrammatica the fairly long hatching 

period of any egg-batch was due to the irregular development 

among the eggs. In B. 
rriisi and A. standfussi this was the 

result of a gtadual breaking of diapause. In N. nereA, 
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the long hatching period of about 5 months seemed to be 

due to the irregular development of the eggs and to the 

ability of the fully-developed embryos to survive within 

the eggs for long periods at low temperatures. The pro- 

longed hatching period recorded for D. ceRhal. otes seemed to 

be due partly to the environmental conditions experienced 

by the eggs. The very long hatching period of the eggs laid 

by adults of D. bicaudata from Lake Bala differed significantly 

from the pattern shown by other species in that there was a 

definite 'break'-in the hatching period due to the occurrence 

of diapause and non-diapause eggs within the same egg-batch. 
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5. B1olog-T off the Ny s 

(a) Introduction 

The number of instars of only 4 species of stoneflies has 

so far been studied, viz. Hemoura vallicularia Wa (22 instars, 

recorded by Wa 1923), Per! isteriana Claas. (22 instars, 

according to Samal. 1923), Perla cep Curtis (33 instars in 

the females and fewer in the males, according to Schoenemund 1925) 

and Pteronarcys roteuß Newm. (13 instars in the females and 12 

in the males, according to Holdsworth 1941a, b). Of these 4 

species, only N. vallicularia has"ever been reared through its 

life-cycle. Wu (1923) reared the newly-hatched nymphs individua71Y 

in small vials covered with bolting silk, and these were placed 

in a shallow tray which was then sunk into the bed of a stream. 

Various attempts by other workers to rear newly-hatched nymphs 

in the laboratory have not been successful. Helson (1935) was 

unable to rear the nymphs of Stenoperla prasina Newm. beyond the 

first instar. Sama]. (1923) and Miller (1939). * however, reared 

P. burmeisterian& and P. Mgtens respectively to the 3rd or 4th 

instars. The morphology of the early instars has- been described 

by several authors (e. g. Sama1 1923, Nelson 1935, wer 1939, 

Ilynes 1941 and Brinck 1949 )" 

During the present studies, the nymphs'oft: several species were 

reared through their complete life-cyolesi in the laboratory and 

of these, "the number of instars and the ratelvf moulting of nine 

species were successfully followed. Many other species were 
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reared through the early inetaro, and the morphology and growth 

of these young stages will first be described. 

(b) 
. 

holo&v a and growth of early inetars 

Samal (1923) and Miller (1939) recorded 3 cereal and 9 

äntennal segments in the newly-hatched nymphs of P. bn steriana 

and P. =tens respectively. The same number of segments has 

also been recorded by Hynes (1941) gor P, microcevhal. a, D_ce alotes, 

P. bi }ct to and iC. torrent. Brink (1949) studied the 

early instars of T. hebe osa, C. bim ns,. L. hitovus, N. erratica 

and N. cteti He mentions that"the number of antennal 

segments in the first (and second) instars is always 9, and 

cereal joints are 3, in Leuctra 4". Ralson (1935) found that 

the first meters of S. t, r_ý, asina have 5 cereal and 11 antenaal 

segments. The results of the present studies, however, are not 

in complete agreement with Brinck's statement. 

Table 4 shows the number of cereal and antennal segments 

in the first four maters of 24 species. The data for all of 

them except T. hebulosa were based on nymphs reared in the cold 

room. The nymphs of T. nebulose were reared at room temperature. 

The - figures within4 brackets indicate the numbers that were 

occasionally encountered. 

From this table,. it can be seen that the first instars of 

all species have 9 antenna]. segments. However, as regards the 

-cereal segments, the Setipalpia have 3 while the-Filipelpia have 

l+ " except C bitt n: and To e il n¢% which haare 3. Thus, the 
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descriptions of the various Setipalpian species by Samar., Mi11er 

and Hynes agree with the present obäorvations. The nymphs of 

_____tt_tA 
have 4 cereal segments and the same number seems to 

occur throughout the Nemouridae which therefore disagrees with 

Brink's description of N. 41cteti and possibly also N 

It is perhaps of significance that the first instars of Ss2MIAM, 

which belongs to the very primitive family Eustheniidae (sub-order 

Archiperlaria Blies 1960), should have a higher number of cereal 

and antennal, joints than 
. 
the. numbers of the two other sub-orders, 

namely, the $etipalpia and-the Filipalpia. Further stwlies On 

the first inatars of other species and families might provide an 

indication of the evolutionary tendencies within the-Plecoptera 

and to the affinities between the various. members of this group. 

There is an, increase_in the number of joints in the. second 

instars of most of the. Filipalpian"species except B Zigi in which 

the number remains the same as that of: the first instars. There 

is no increase in marry of the, Getipalpia but in D. }, and 

raube{ there isIan increase of one cereal segment even thougI 

the number of antennal, segments remains-, the. same, -and in ! A,. Q 

ce . 
both, the cerci. and_antennae show an increase of 2 segments 

each. 

After the second inatar, the nymphs of all species normally 

show anýincrease in the number'ol joints with each moult bat in 

C2,,,, Ut= there is an- interesting exception. The nymphs of 

this species undergo diapause (Chapter IV) usually at the 4th 

or sth instar and the diapause; stage often does not show an 
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increase in the number of antsnnal segments over the previous 

instar. Thus, a diapause 4th instar nymph has 10 (sometimes 

11) cereal and 13 antennal segments while a non-diapause nymph 

of the same instar has 10 (sometimes 11) cereal and 15 antennal 

segments. Although there is an increase in the cercal segments 

in the diapause stage, the cerci are, however, quite different ... 

from those of a nonk iapause nymph in which there are bristles 

on every joint. In the diapause nymph these bristles are found 

only on the few basal segments. Also the cercal segments towards 

the tip are extremely slender (Figure 50).. The post-diapause 

nymphs have the same or fewer cereal joints than the previous 

diapause stage but there is an increase of one or two antennal 

joints. Thus, a post-diapause 5th instar nymph has 9 (sometimes 

10) cereal"and 14 or 15 antennal segments. The, iabsence of any 

increase in the cereal segments seems to be due to the breaking 

off of the slender segments at the tip during- 

moulting. -The increase in the number of joints, partiailarly. of the 

antennas,. seems to be associated with the increase in size of 

° .. the nymphs. 'Among the various Lguct, a sl22,,, the young nymphs 

of L, U q show a relatively: smalier increase in size than those 

pf other species (figured 19 to 22) and this is also reflected 

in the fewer cercal and antennal joints in the early inatars of 

L. inermis. ' In '0. ,' nymphs destined for diapause' are 

smaller than non. -diapause nymphs of the same instar and it häs 

been found that the former show Ia lower number of. antennal segments 

than the latter. Within the Nemouridae., the number of,, rants 
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in the 3rd and 4th instara of H. rgm A,, A. stir{ o_c . and 
Protonemura app. is fewer than that of the corresponding instars 

of other species. In the above mentioned species, the increase 

in size of the early instars was observed to be rather small., 
also 

It has/been found that stunted , nymphs. of various species (e. g. 

I. s, mo se .yj, 
Lý ink) reared at room temperature showed a smaller 

number of joints than the corresponding . ins tars of specimens reared in 

the cold room. 

Gills are present in the form of a tiny stump on, the prosternum 

of the newly-hatched nymphs of Amn4in2aUrA app. and Protonemura app. 

In D. ceohalotes, the first and second instars possess only anal 

gills which are present as 4 strands on each side of the body. 

In T. nebulosa no gills are found during the early instara. 

The second finster nymphs are generally much more similar to 

the later instara. than to the first and this is especially obvious 

in the Leuctridae. In this family, the first instars of the 

different species are indistinguishable from one another and - 

all have long hairs or bristles on every abdominal segment. 

However, 
, 
the second instars of L. moselvi show the occurrence 

of bristles only on the 10th (sometimes also the 9th) abdominal 

segment. In L. hi poMS the bristles occur on the last 3 or 

4 abdominal segments while in L. gc they are present on the 

last 5 or 6 segments. , 
In L. 

Srmigs 
L and L. geniculata 

the bristles are found on every segment but in L. inernis they 

are shorter and leas-tapering than in the Other two species. 

In the Setipalpia there does not appear WObe any great 
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difference in the distribution of. bristles between the first 

and later instara., but the bristles on the thoracic nota are 

much more conspicuous in the latter than in the former. Also 

the nymphs begin to acquire pigmentation in the second instar. 

The first instars of Setipalpia do not feed but in the 

Filipalpia feeding occurred in the first instar. 

Brinck (1949) prefers to regard the first 2 instars as 

nymphulae since they are very much alike and differ from older 

nymphs. He mentions too that the nymphul. ae often survive at 

seasons adverse to the species as quiescent stages. Brinck's. 

analysis, however, seems to be a misconception which arises from 

the fact that the second instars of several of the Setipalpian 

species do not show an increase in the number of cercal and 

antennal joints. It his now been foand that the second instara 

of many species in fact differ significantly from the first and 

that they are much more like the later instars. The ability 

to survive adverse conditions is not restricted to the first two 

instara but to the young nymphs in general: It was found-that 

the first few instars of many species were able, to survive without 

ill-effects at room temperatures which were unfavourable to the 

later instars.,. 

The rate of moulting of the early instara of several species 

that were reared in the, cold, room is shown in figure 18. The 

date of occurrence of in finster is indicated by a dot on top of 

the number of that instar. A cross indicates only the probable 

date of occurrence since the nymphs of the previous inatar died 
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Figure 18 - Interval betweon instars of nymphs reared in cold room. 

Environmental conditions in cold room: 

P- photperiods in hours of light per day. 

T- temperature in °C. 
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during that period. 

In general, it can be said that the rate of moulting is 

fairly rapid during the warmer months and that there is a 

retardation during the cold winter period. In C. bifrons, 

however, the nymphs undergo diapause (see also Chapter IV) 

during the summer and there is a gradual retardation in the rate 

of moulting as the nymphs approach the stage of diapause. In 

P. nw ecox there appears also to be a slowing-down in the rate 

of moulting during the summer. Although there is generally 

a retardation during the winter� the extent to which the nymphs 

are affected is quite variable between species. In a cold-water 

stenotherm such as B. risi, the rate of moulting is only slightly 

retarded but in N. vi ctti and N. cinerea the nymphs do not seem 

to moult at all throughout the winter. In N. cinerea, there 

appears to be some active form of seasonal regulation by the 

nymphs and the dormancy during winter does not appear to be due 

only to the cold since nymphs reared at room temperature were also 

found to show a delayed rate of moulting during the winter period. 

Some nymphs which hatched in early October were reared at room 

temperature and by the second half of November they were at the 

8th instar. However, no further moults occurred till mid-January. 

Thus, there was a delay of about 2 months even at room temperature. 

It is possible that the dormancy in this case may be a case of dia 

pause and that the nymphs may be sensitive to changes of photoperiods. 

The dormant nymphs of N_cinerea are fairly inactive but they 

are not completely immobile as are the nymphs of C. bifron. 
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In L. fusca and LA mo2b i, the fairly long interval between 

instars in the cold room during the winter months was due to 

quiescences resulting from the low temperature, and nymphs that 

were reared at room temperature during this period did not show 

a significant fall in the rate of moulting. 

The first instars of Setipalpian species, (e. g. C. torrentiam, 

Cý triUunctata, D. bicatiýt , I. era ca and D. co halotes) 

moult much more rapidly than the later instars. In 0. torrantiwm 

the interval between the first and second instars was 6 days 

while that between the second and third instars was 16 days at 
the 

13°C. Except for the first instars, /interval between moults 

in the Setipalpia tends to be longer than that of non-diapausing 

Filipalpian nymphs. In the Filipalpia, the first instars do not 

normally show any significant difference in the rate of moulting 

as compared with the later instars reared under fairly similar 

conditions. The difference in the Setipalpia seems to be 

associated with the fact that the newly-hatched nymphs do not 

feed. 

(c) Life-cycles Bober of inatars 

The following species were reared through their comp]d e life- 

cycles in the cold room: L fusca. Lgeniculata, L.. ormie, 

L. L. hinnovus, A. aulcicollis, A. s tandfussi, P. pra_, ecox, 

N;; Unteti, N. cambrica, N. avicalaria, N. cinerea, ß. bifrons_, 

and Ctorren ti u. A univoltine life-cycle was found in all these 

species except N. cinerea which has a two-year cycle. N. cinerea 
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has a long incubation and hatching period (Chapter III 3e)ß and 

nymphs which hatched during October and November of 1962 only began 

to emerge in April and May of 1964. The young nymphs have been 

shown to undergo prolonged dormancy during the winter and it has 

also been found to occur in the older nymphs as well. It was 

observed that by October 1963 there were several almost full-grown 

as well as many half-grown nymphs but very little or no growth 

occurred until the following Spring when the emergence began. 

The data for the univoltine species agree with the field 

investigations made by Hynes (1941,1961), Brinck (1949) and 

Rauser (1963), but the first two authors have indicated a one-year 

life-cycle for N. cinerea. The flight period of this species 

has been given by Hynes (1-958) to be from =March-y to September 

and by Brinck (1949) to be from April to September. Thus, there 

is a long flight peropd. From the present laboratory studies 

it has been found that the hatching of the eggs in dependent upon 

a fall in temperature and that for any single egg-batch the 

hatching may continue from late September to February. It is 

certain therefore that the adults which emerge during the early 

part of the flight period cannot have come from eggs laid by the 

last generation since the nymphs undergo prolonged dormancy during 

the winter and there is only a very short period for growth. 

However, those adults which emerge at the end of the flight period 

may possibly complete their development within a year since the 

nymphs which hatched early would be able to reach a fairly late 

stage of development before becoming dormant as the winter set 
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in. There would also be a reasonably long interval, once the 

dormant period was over, for the nymphs to undergo through the 

remaining instars before emergence. 

There was no opportunity to rear L. ni= through its life- 

cycle. However, nymphs which hatched 
-in'r* early July 1963 and were. 

reared in the cold room were found to be only 2 to 3 am. long in 

late April 1964; in fact, many nymphs were less than 2 mm. Hynes 

(1959) gave the flight period of this species as April to August 

but mainly April to May. Brinck (1949) mentioned a univoltine 

life-cycle for this species and he gave the flight period in 

Southern Sweden as May to July. The possibility of a2 -year 

life-cycle for some of the nymphs cannot be excluded since they show 

so very little growth during the period from Ja. y to April, and 

it seeins quite unlik4r that the very small nymphs found in April 

could have compbted their development by the end of the flight 

period. This species seems to show also a prolonged dormancy 

during the winter period. 

Th e nymphs of D. bicau data' were reared only through their 

first'few instars. " Brinck (1949) and Hynes (1961) found a rapid 

growth rate in the nymphs and had suggested a univoltine life-cycle 

For this species. Both suggestions were based on the assumption 

that there was, a very short incubation period. This has now been 

found not to be so. 7he. specimens of D. bicatlclata from Afon 

Hirnant, where Hynes carried. out his study, have been found to lay 

only diapauae egge which have an extremel y long incubation period 

of 9 to 10 months'. Thna, from the present information on the 
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incubation period and from the studies on the growth of the 

nymphs by Hynes (1961), it appears that the 12. bicau at which 

hatch from diapause eggs must have a 2-year life-cycle. The 

specimens of D. bicaudata studied by Brinck (1949) seemed also 

to belong to the same category. The D. bicaudata from Lake 

Bala, however, lays both diapause and non. -diapause eggs and the 

incubation period of the latter was about 3 months in the cold 

room and 12/3 months at room temperature. It is possible that 

nymphs hatched from non-diapause eggs may complete their develop- 

ment within a year, in which case then the species occurring 

in this locality will have a one-year as well as a two-year life- 

cycle. 

The nymphs of Q. trivunctata were reared through their early 

instars and they seemed to show a longer interval between moults 

than those of. C. torrentium. The former species is the larger 

of the two and there is no reason to suppose that it undergoes a 

fewer number of instars than the latter. Although the incubation 

period was not particularly long it was nevertheless longer than 

in C. torrgntium. The overall slower rate of growth and develop- 

ment in C. tripunetataa thus supports the statement by Hynes (1941, 

1961) that this species has a. two-year life-cycle. The size- 

frequency histograms given by Hynes (1961) showed the occurrence 

of half-grown nymphs even after the flight period was over. 

These nymphs would have been one year old since they could not 
possibly have grown so rapidly from any recently hatched nymphs. 

The half-grown nymphs continued their growth and development 
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until their emergence at the following flight season. 
_. t 

The number of instars of 9 species were successfully followed 

and the results are shown in Table 5. The figures within brackets 

indicate the number of nymphs that completed development at a 

particular instar. 
i 

COLD ROOM ROOM TEMRATURE 

Male Female Male Female 

L. Jusca 12 (1) 13 (1) 16 (1) 16 (1) 

r. ý ganýUta 12 (3) 12 (1), 13 (1) 1 40) 

hi. DUOpas - 12 (2) - - 

L. inermis 13 (1) 
, 14 (1) 14 (1), 15 (2) - 

L. moselyi 13 (2), 14 (1) 13 (1) - - 

C. bifrons 14 (2), 15 (1) 15 (1), 16 (1) - 

N. ayicularis 13 (1) 13 (3) 

xpicteti - 16 (1) 

C. torreltituq 12 (1) - - - 

*- First 2 instars reached at room temperature 

++ - Died at final instar, sex was not determined 

Table 5 

r 

From this table, it can be seen that the nymphs of stoneflies 

go through a fairly large number of instars. The number is 

variable within a single species and there is a tendency for the 

females to have a higher number than the males, e. g. T. f uca, 

jý. gani. >l i., T... i, 
ý__aermi and C. bifrena. Nymphs reared at 
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room temperature also tend to have more moults than those 

reared in the cold room. It is interesting to point out 

that only L. a_and L. genic successfully completed 

their life-cycles a room temperature. Both these species 

normally grow during late Spring and Summer and as such are 

tolerant of the high temperatares. The nymphs of L. hir, poous 

were reared till the 16th (aal probably the penultimate) 

instar at room temperature while in the cold room, emergence 

occurred at the 12th or 13th instar. L. mosel_vi and L. inermis 

were reared at room temperature till the 14th and 15th 

instars respectively but they were still immature and were 

less than half the size of mature nymphs reared in the cold 

room. In N. av12ularis the nymphs reared till the 14th 

instar at room temperature were still immature whereas in 

the cold room emergence occurred at the 13th instar. Although 

the number of instars in A. gulcicollis was not successfully 

followed, it was found that the nymphs reared in the cold 

room were fairly well developed at the 14th instar, whereas 

at room temperature a 20th instar nymph. -vas still immature. 

(d) Grp gad DavajgMQAý 

The pattern and rate of growth of 9 species that 

successfully completed their development in the cold room 

are shown in figures 19 to 27. Figure 27, however,, shows 

only the rate of moulting of 4tsg as there was no 
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complete set of exuviae available to show the increase 

in size of the nymphs. For the purpose of comparison, 

the growth of some of these species at room temperature 

is also given in figures 28 to 32. Of these, however, 

onlyL 11 (Figure 28) and Lnu ff, (Figure 29) 

completed their development at room temperature. 

Graph A in each of these figures shows the increase in 

length of the hind tibia at each instar. The tibial 

lengths were measured from the exaviae of each instar by 

means of an ocular micrometer placed inside a monocular 

microscope. The lengths are expressed in units, one 

unit being equivalent to 17.4 microns. The pattern of 

growth has also been expressed by plotting the logarithm 

of the tibial lengths against the number of the instar 

so as to show the deviations, if any, from the geometric 

increase that normally occurs in each moult of an insect. 

Graph B shows the rough increase in size of the nymphs 

based on measurements of the whole exuviae. Graph C 

shows the rate of moulting (n) and the rate of increase 

in the length of hind tibia (x) by plotting the instar number 

and the tibial length of a particular instar against the 

date of occurrence of that instar. The temperatures in 

the cold room have been superimposed on Graph C in figures 

19 to 27" The room temperatures are not shown in figures 

29 to 32 but the averages of the maximum and minimum 

temperatures varied from 110 to 21°C. 



Figures 19 - 26 - Pattern and rate of growth of nymphs in the 

cold room. 

Figure 27 - 

Figures 28 - 32 - 

Rate of moulting of NQq in the cold room. 

Pattern and rate of growth of nymphs reared at 

room temperature. 

Graph A- Logarithmic and linear increase in length of 

hind tibia at each inatar. 

Tibial length (1 unit - 17.4 microns) 

Graph B- Increase in length of exuviae (in mm. ) at each 

instar. 

Graph C- Rate of moulting and of increase in length of 

tibia. 

"'(Temperature 
conditions in cold, ýhave been 

superimposed). 
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Except for figures 19 and 25, the graphs for each species were 

based on a single individual. In figure 19 the results were 

from the averages of 3 male specimens that emerged at the 13th 

instar. In figure 25 they were based on two females that emerged 

at the 13th instar. The increase in tibial lengths of various 

individuals that emerged at different instars is also given in 

the Appendix. 

From a comparison of graphs A and B in figures 19 to 26, and 

N 29 to 32, it can be.. seen that the increase in the length of the 

hind tibia follows a similar pattern to the increase in size of 

the nymphs. Thus, it is possible to study the pattern of growth 

in terms of changes in the length of the tibia which could be 

measured with greater accuracy. 

The pattern of growth has been expressed in the form of a 

logarithmic curve shown in. Graph A. IF the growth ratio :.., 

is constant throughout the various instars a straight line 

would be obtained. Any fall in the growth ratio atia particular 

instar would be indicated by a fall in the gradient of the 

logarithmic curve at that instar. 

Under conditions in the cold room there is, except for 

slight deviations, ,a more or, less geometrical increase at each 

moult. The fall in the growth ratio is usually not permanent 

and is accompanied by a later recovery which probably indicates 

a return of optimal environmental-conditions for the nymphs. 
In L. aeniculata (figure 19) and L. sew (figure 20) the 

fall in the gradient of the logarithmic curve seemed to occur 
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during the stages when the nymphs were undergoing quiescence 

as a result of low temperatures. In L. hi2jMDus (figure 21), 

L. IMEMIl (figure 22), C% Ugrgns (figure 23) 0 N. 4icteti 

(figure 24) and C. torrentium (figure 26) the fall did not 

occur during the stages when the nymphs were experiencing low 

temperatures and this may be due to the different optimum 

temperature ranges between species or the feeding of the nymphs 

sinne it has been shown by Beck (1950) that adverse dietary 

conditions may cause a fall in the growth ratiö.. In C. bifrona 

the fall in the growth ratio occurred from the third to the 

fifth inatar when the nymphs were preparing for diapause but 

the post-diapause nymphs showed a high growth ratio which was 

indicated by the steep gradient of the logarithmic curve after 

the 6th instar. The immediate post-diapause 6th inster, however, 

did not.. show a very great increase in the gradient. The 

differences in the optimum temperature ranges between species 

and also between the various stages of the same species can be seen 

in figures 23 to 32 which are of nymphs reared'at room temparature'o 

The logarithmic curve for L. agalculat4 (figure 29) did not show 

any definite fall in the gradient whereas that for L' 

(figure 29) showed a alight fall after the 3rd instar. In 

hj=ga (figure 30) the fall in the gradient was slightly 

greater than that in fUsca and it occurred after the 5th inatar. 

In L=_lMralgi (figure 31) there was a continual fall in the 

gradient after the 5th instar but in Lo sglvi (figure 32) it 

occurred after the 2nd instar. In L. inermia the fall was 

3 

I 
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considerable. The fact that the first few instars are able 

to survive at room temperature without adverse effects on their 

growths suggests a higher upper limit in the optimum' temperature 

range for the younger nymphs than for the older ones. ' In 

LLzgnicula the species as a whole is fairly tolerant of high 

temperature and the growth of the later instars is not adversely 

affected by it., The degree of tolerance by the later instars 

of the various j ctr app. to high temperature appears to be 

in the following order: - L,. e_ni. culata, L. fusee, L. hitmovtýs, 

L. Mgs and Lsinernis this being. indicated by' the extent 

of the fall, if any,, in the gradient of the logarithmic curve. 

The influence of environmental"conditions on'the rate of 

growth is shown in Graph C., There'is generally a rapid rate 

of moulting at warmer temperatures and'a retardation during the 

cold winter period. However., the rate of increase in tibial 

length does not necessarily Pillow the same pattern- as the rate 

of moulting. 

In the cold room, -the effect of low temperature on the 

rate of increase in size is influenced partly by the rate of 

moulting and partly by the stage of. development of the nymphs 

when the winter sets in« In some species euch as L. inermis 

(figure 22) and C. bi (figure 23) the rate of moulting 

was only slightly retarded during the winter months whereas 

in L_ ueniq later (figure 19), L-, M92vf, (figure 20) p L. hi ovus 

(figure 21), N oteti (figure 24), C ; toErgntium . 
(figure 26) 

and a (figure 27) it was very much so.. Because of the 

t 
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more. or les4eometrical increase between instars, the larger 

or older nymphs would show 
,a 

bigger increase in'size with each 

moult than did the smaller nymphs. The occurrence of iur: jer 

nymphs during the winter would therefore mask the retardation 

in the rate of moulting and the unfavourable effects of winter 

temperatures. In L. hignonus, L i. ne_rmis, C. bifrong, N. avicul, @, 

and C. torrent , 
the nymphs were in a fairly late stage of 

development during-the winter and, therefore, there was no 

obvious retardation in the rate of increase in size in spite 

of the retardation in moulting. In L. genicglata, L. M 4' 

N pieteti (and j sg) the nymphs were still in the early 

. ihstars when the winter set in'and in these species the retard- 

ation in moulting was accompanied by a definite fall in the rate 

of increase in size. 'The nymphs of C. bifrons showed a very 

different growth pattern from the other species. There was 

a fall in the rate of moulting and of increase in size during 

the summer due to the occurrence of diapause. The-most favourable 

period for growth in this species seemed to be during the autumn 

when there was a rapid rate of moulting as well as a rapid 

increase in size... 

Exoept for L. geniculata,. there was onlq. a slightS retard- 

ation in moulting at-room temperature during the winter months 
ti 

which could be due to changes in room-temperature during this 

period or to"the age of the nymphs. In L. ýeniculata"(figure ti 

2g), moulting, was "very much delayed and, itýmay be possible that 

the nymphs normally undergo dormancy during the winter period 
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and that the factors 'influencing this may not necessarily be low 

temperatures. The nymphs showed a rapid rate of increase in size 

after the 8th instar but there was a temporary fall during the 

dormant period. L, fa (figure 29) showed a fairly constant 

rate of moulting bat there was a rapid rate of increase in size 

during the later instars... 
. 
In L. hitinocs (figure 30). and a...... ' ,. 

L. mosetvi (figure 32) the rate of increase was quite constant 

throughout but in L. inermis (figure 31) there was a marked fall 

in the later instars owing to the falling growth rat4o.. 'It is 

interesting to note that these nymphs were able to vurvive for . 

quite some time in spite of the unfavourable temperatures. 
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6. Discussion 

The study on the hatching of eggs has shown the influence of 

external and intrinsic factors on the length of incubation period 

(i. e. interval between'oviposition and first hatching of eggs) 

in the various species. In species which do not undergo dia- 

pause, e. g. L. hinvovus. L. P sca, the length of incubation is 

determined mainly by environmental conditions such as temperature, 

and eggs that are laid during the warm season hatch sooner than 

those laid during the cold period. '., In B. the eggs undergo 

obligate diapause and the length of diapause (hence also the 

incubation period) seems to be determined by the adults. The 

termination of diapause does not depend upon any environmental 

stimulus but it can be postponed by very low temperatures., Under 

normal conditions, the eggs terminate diapause during late 

Summer,, and post-diapause development occurs till early Autumn 

when hatching, begins.. 
, 
This species is a cold-water stenotherm 

and there is only a fairly short period, from Autumn to early 

Spring, suitable for growth. It is, therefore, important that 

the termination of diapause should occur before the cold period, 

sets in. The ability of the eggs to remain in diapause at 

low temperatures is of significance in the ndthern lätitudes 

where the summer is fairly short, and it is possible that under 

these conditions the, species may have a two-year life-cycle. 

The eggs of D. bicaudata from Afon Hirnant show a very long 

incubation period of 9to 10 months and, this is because they 

are unable, unlike B. risi, to terminate diapause until after a 

fairly long period of chilling at winter temperatures (Chapter IV). 

t 

i 

i 

I 
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In A. standfussi the termination of diapause is also dependent 

upon chilling. The flight period of N. cinerea is from Spring 

to Summer, and the eggs laid at the end of the flight period show 
parýod 

a relatively shorter incubation4due to the correspondingly shorter 

length of diapause. The diapause seems tobe facultative and 

can be prevented or terminated by'fairly_cool temperatures. 

Delayed hatching of some eggs occurs in all the species 

which undergo diapause and in only a few of those which do not. 

In most species, the delay is, only slight. "- In the non-diapause 

eggs of L. fusca, L. mo elvi and'I. grramma. tica this is the result 

of an irregular rate of embryonic development while in B. riss, 

D. hicaudata (from Afon Hirnant) and A. s ndfus$ iit ' is due 

to differences in the period of termination of diapause. " In 

L. fusca and L. möselyl very little growthof'the nymphs occurs 

until Spring arrives, and the variability in the rate of embryonic 

. ,,. 
. ". 

development may-provide a basis upon which the diapause character 

may eventually develop. This is because it would be advantageous 

for the-species if the eggs could remain unhatched until the 

arrival ' of favourable conditions for growth. In N. cinerea 

there is a long hatching period of abaut5 months. In contrast 

to other speciesp, the folly-developed embryos can survive within 

the eggs for_"long periods at low7'temperatures. In species which lay 

only one type of egg,,, the'hatching period is continuous. In 
4 

D. 'bicaudat4 from Lake Bala there are, however, two distinct 

thatching periods, due to the occurrence of diapause and non-diapause 

eggs. The differences inthe type of-eggslaid by Afon Hirnart 

and Lake Bala adults are discussed in Chapter IV. 
, 

It has been 
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suggested by Nacan (1958b) that delayed hatching of eggs is 

advantageous in that it enables 'a species to exploit the resources 

of an environment more fully through changes in the food habits 

of the small and large nymphs. Hynes (1961)'has pointed out 

that there is no evidence of a; ýchange in the size of food eaten 

by herbivores as they grow, and the present studies on the rearing 

of the nymphs through their complate'life-cycles have shown that 

this is in fact so. ' He believes that a long hatching period is 

advantageous to'many species as a mechanism for drought resistance 

go well as a means of avoiding competition for living space. The 

close association between the occurrence of diapause and delayed 

hatching would suggest that the latter phenomenon-is an adaptation 

to ensure the survival of the species, should the environmental 

conditions be unfavourable, when some of the hatching occurs. 

This explanation would be applicable to the variations in the period, 

when the nymphs of C. f ns terminate diapause. 

The growth of. the young nymphs of most species is not adversely 

effected by fairly high temperatures which may be unfavourable for 

the growth of later instars. 
. 

In these species, therefore, it is 

possible for the early instars to grow during the warm summer months 

when the conditions are favourable for rapid growth. Since the 

flight periods are usually between Spring and Summer, the absence 

of a diapause in. the egg-stage is therefore advantageous for 

these species. The life-cycle of K "ne=ap however, does not 

appear to fit in with the environmental conditions as a result 

of diapause in the egg-stage. The nymphs grow rapidly at warm 
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temperatures and "they undergo dormancy during. the Autumn and 

Winter despite the fact that termination of diapause is associated 

with falling temperatures. It is possible that the` developmental 

cycle of this species may be adpated to a very cold climate where 

the occurrence of diapause may previously have been a device to 

survive very severe winters. The occurrence of dormancy in the 

nymphs would too appear to have, sdme effect. The life-cycle of 

the species in Britain seems to be in a state of flux, and although 

the nymphs which hatch in October and November have been found to 

have a two-ygar life-cycle there seems, to be 'a possibility that 

some nymphs which hatch earlier may complete their development 

within a year., That the developmental cycle of a species may.. 

be a reflection of its past history has been shown to occur in 

the caddis fly, AMtidag mulmig (Nielsen 1950) and also in 

D.,,, }ýicýüdata (Chapter IV) .., the present study of 

Besides the occurrence of. diapaase in the egg-stage (e. g. 

B" rte) dom) or in the nymphal stage j 
C. ng) - 

there is also the possibility that some species may be able to 

regulate their flight periods by variations in the number of, 

instars preceding emergence. This positive means of regulating 

the flight period seems to occur. in C, n _which respond 

to increasingly long photoperiods'by the differentiation of 

adult characters in half-grown nymphs. 

- i. " -`. 

ýý1 
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III _ FIr D CATIONS 

1. Intrq '#e3 :r 

The field investigations were aimed at studying the detailed 

life-cycles of the commoner species of stoneflies occurring in 

River Terrig in North Wales. Much work on the rate of growth 

and the life histories of many species has been done by Hynes 

(1941,1961,1962), Brinck (1949), Illies (1952 and Raaser (1962, 

1963).. There has been, however., very little information on the. 

early stages of the life-cycles. Brink (1949) found that the 

young nymphs of L. usq do not grow till Spring arrives and 

Dynes (1961,1962) showed that, -in many species, the period 

during which very3small specimens can be found was much longer 

than'the flight period and he suggested, a=delayed hatching of 

some eggs. In the preaQnt study, empiasis has been pliced on 

the early stages of the life-cycles and the very small nymphs 

have been followed in greater detail-than has been done previously. 

It is now possible to interpret fairly accurately the field data 

in the light of information obtained from laboratory investigations. 

2. St.... C'. BSt 

River Terrig is a"fairly fast-flowing stream which forms 

part of the'Alun-Dee drainage system and it"has a': ýrioh and 

varied stonefly fauna. 
,"_ 

After 'a preliminary study of the distribution 

of the various species in the middle and upper stretches of the 

stream.. U4o stations were selected for regular monthly sampling 

in1962. 



(a) Station 1 

(b) Station 2 
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Station 1 (figure 33a) is situated at the upper reaches of 

the stream near Rbydtalog (Nat. Grid map-reference SJ 234548). 

The altitude here is about 300 metres and the stream flows through 

open moorland and upland pastures. The stream is about 1-2 

metres wide and reaches a depth of about 30 cm. in some places. 

The substratum is generally stony and there is very little 

accumulation of decaying leaves of higher plants even during the 

autumn. There is, however, a fair amount of grass trilling along 

the edges of the stream. The stones in some places are thickly 

covered with liverworts belonging to the genus Chilgscý. 

Station 2 (figure 33b) is situated near Caegwydd (Nat. 

Grid map-reference SJ 235576), about 3 kilometres downstream 

fron Station 1. The altitude is about 210 metres. For most 

of the distance between the stations, the stream is very mach 

shaded by trees. The width of the stream is about 6 metres and 

the substratum is generally stony, with some boulders. The 

depth of water is fairly similar to that of Station 1 but during 

dry periods half the area of the stream bed may lie exposed. 

Sycamore (Acer sp. ) leaves contribute mainly to the accumulated 

vegetable debris at this station. 

From January to December 1962 regular monthly samples were 

collected with a stramin net (Mesh-size: 7 threads per cm. ) as 

well as a fine net of bolting silk (Mesh-size: 40 threads per 

cm. ) at each end of the two stations. The sampling method 

employed was fairly consistent throughout, and each net sample 
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consisted of collections made at 6 spots in the stream. The 

collecting procedure was carried out by holding a triangular 

hand net vertically against the stream bed and then kicking 

vigorously the-area immediately upstream of it. The cloud of 

detritus that had been stirred up was then scooped with the net. 

All samples were preserved Immediately in formalin and they 

were later sorted in the laboratory, using a concentrated solution 

of calcium chloride (details of the method are given by Hynes 

1961). After sorting, they were preserved in 70% alcohol and 

were examined in the following year after laboratory studies 

had enabled the identification of tiny nymphs. 

The samples were examined by placing the material onto a 

flat petri-dish, to the bottom of which was attached a millimetre 

graph paper that had been surfaced over by a thin layer of wax. 

The nymphs were then identified and measured underneath a bino- 

cular microscope. The very young. ctages had to be identified 

under a monocular microscope and the stages of development were 

noted. The nymphs were placed in millimetre size-groups, e. g. 

1=0-1.5 mm., 2-1.5 - 2.5 mm. and so on. However, the 1 mm. 

group was further divided into 3 sub-groups, namely 0-0.5 mm., 

0.5 - 1.0 mm. and 1.0 - 1.5 mm. 

During the periods Of sampling, the stream t emporaturea 

at both stations were taken and adults colleöted. In)betvreen 

these p©riods, visits were also made to the stream to collect 

adults and nymphs for the laboratory investivations and temper- 

atures were also taken. 
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3. S&== teZ ratureQ. ýnc 0932QQition 2f etonaf1Y fauna 

The water temperatures taken at the two stations at the 

times of sampling are shown in Table 4. They are only useful 

Station 18 
an. 

22 
eb. 

22 
Mar . 

26 
Apr. 

21 
May 

25 
Jun. 

20 
Jul. 

20 
Aug. 

19 
Sep. 

22 
Oct. 

19 
Nov. 

17 j 
Dec. 

1 3 4 44 13 12 14 15 14 10 10 2+ 4 

2 34 34 4 84, 10 12 12 15 10 9 2+ L 
41 

Table 4- The Water temperature in oC to the nearest 

half degree. 

in indicating the seasonal changes in the temperature of the stream 

and Macan (1958a) has shown that very little reliance can be 

placed on auch isolated temperature records. Station 1 is very 

much exposed and the diurnal changes in water temperature would 

be greater than at Station 2 where the stream is well shaded for 

a greater part of the distance above and at this point. 

Table 
,7 

shows the percentage composition of the stonefly 

fauna collected at the two stations, from January to December 1962. 

C. trinunctata, which is not indicated in the table, was collected 

in small numbers in between the two stations. There is a 

distinct'distribütion of the various species in the stream. 

A. aulcicollis, B. nisi, I. ¢rammatic and the various LguQtZA 

species except yg were leas common at station 1 than at 

Station 2. The reverse was found to occur for A. standfussi. 

N`ccai i, C. bifrons and Lam. C. torrenttium was fairly 

common at both stations tihile P. MjgZj and the larger Setipalpian 
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Station 

1 2 

1. A. sulcicollis 0.6 18.6 

2. A. standfussi 2.3 0.3 

3. N. cambrica 19.9 4.0 

4. N. cinerea + + 

5. N. erratica + 0.1 

6. P. praecox f 0.3 

P. mes'eri 7. '- + 

8. C. bifrons 5.0 0.3, 

9. Leuctra app. (1st instar) 1.0 2.9 

10. L. fusca 1.5 12.4 

11. L. geniculata + 4.2 

12. L. bipQopus 2.2 10.7; 

13. L. inermis 0.4 1.7 

14. L. 81 Y-i + 1.0 

15. Tna 2.0 0.3 

U. B. riss 0.1 0.5 

17. P. microcephala + 

18. C 4. i! ým 2.5 2.3 

19. I. grammatica 0.7 1.9 

200 P. bipunctata + 

Percentage total 38.2 61.5 

Total no. collected in 1962 29715 

- absent; + less than 0.1ý 

Table 7_ Percentage composition of the various species 
collected in 1962. `. `T 
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species such as P. mj, crocenal�aj, and P. biMctata were 

completely absent from Station 1. The absence of the larger 

Setipalpia from StationI may be due to the lack of a suitable 

substratum of large stones and boulders at this part of the 

stream. The scarcity of decaying leaves of higher plants at 

SAtion 1 may possibly, explain the small numbers of some of the 

species while it would appear that A. gtAad esi, 21ý, cambricA' 

C. bifrons and L may not be so dependent on such material 

for food or shelter and the lack of competition may haveccontri- 

bated towards the success of these species. A. gt=dzjsi is 

found commonly among vegetation growing in the stream. It is 

interesting to note that C. tor! entium is fairly common in the 

stream in spite of the fact that it has a very low reproductive 

capacity. This seems to indicate a very low mortality rate in 

the nymphal stage. 

4. Lj, £ 
_ voles and =Qidb 

0 

The life-cycles of 13 species are showm in figures 34, - 47. 

The histograms are based on data from the station where the 

species is most comnon. Only the results of fine net samples 

have been used for Aga, L. hitinQVUS,. N. ga a and 

A. sulcicollis while the other species have been based on both 

fine and coarse net samples. The numbers collected are shown 

on the top right of each histogram and the occurrence of adults' 

is indicated by the symbol 'At. The histogram are calculated 

according to numbers and tho same scale has been used for each 
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month. In C. bifrons, however, the number. of nymphs collected 

in June was very large and the histogram for this month is given 

on a scale which is one-tenth of'that of other months. Within 

the 'l min. . size-group, the histograms for 0-0.5 mm. are stippled, 

for 0.5 - 1.00 mm. shaded by oblique lines and for 1.0 - 1.5 mm. 

completely black. It was not possible to identify the first 

instars of the different Leuctra species and they are not re- 

presented in figures 41, -lei. They are, however, shown on the 

left column in figure 47 in which the histograms for the various 

, 
Lett}c } app. have been repeated but the'detailaof the 1 mm. 

group have not been indicated. 

C,. 1 (Figure 34) 

The life-history of this species has previously been studied 

by Hynes (1941) and Brinck (1949). Both workers have shown that- 

the eggs hatch immediately after oviposition. Although the 

adults are known to occur from February to May, the young nymphs 

have never been previously collected before September or October. 

Figure 34 shows a clearly univoltine life-cycle and a flight 

period from February to May. Egg-laying (and hatching) occurred 

daring May and June when first instar nymphs were found. Some 

nymphs began to undergo diapause in June when 3 diapause nymphs, 

two in the 4th and one in the 5th instar were. collected. The 

rapid fall in the number of nymphs in July and August indicates 

that most of them had entered diapause during these months. In 

Ju], y, only 23 nymphs were collected and of these, three were 4th 
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instar diapause nymphs and the rest were mainly, 3rd roster nymphs 

which had not yet gone into diapaase. Two of the three =nymphs 

collected in August were in diapaase at the 4th instar while the 

other was an active 5th instar nymph. It is worth pointing out 

that although most of the nymphs had entered diapause in July 

and August, very few such nymphs were collected. Attempts to 

find diapause nymphs among the vegetation growing in the stream 

were without success and it is possible that they burrow into the 

substratum to undergo diapause and thus escape from predation by 

carnivorous' insects in the stream. The breaking of diapause 

began iii September and the increasing number of 1 mm. nymphs 

caught from September to November-indicates i continual breaking, 

of-diapause during this period. " Most of the nymphs would have 

broken diapause b y. November, ' and the few 0.5 - 1.0 mm. nymphs 

after this month could be due to the retardation of growth during,, 

the winter and the normally small increase in size of the early 

instarrs. Retardation of growth during winter is, however, only 

slight and this is seen in the increasing size of the larger 

nymphs. Growth is most rapid during autumn. 

The occurrence of a composite population just before and at 

the beginning of the flight period is das to the gradual breaking 

of diapause and to the difference-in the increase in size. between 

instars of. the young and old nymphs. _ 

N. ýcambrica 
(Figure 35Y 

Ike flight period is from April to June. Although nymphs 

of the 0'- 0.5 = group were found from June to October, 
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hatching of'the eggs occurred only from June to September when 

first instar nymphs were observed. Most of the hatching, however, 

occurred in July and this is indicated by the large number of the 

0-0.5 mm, nymphs which included the first and second instars. 

There is a fairly rapid growth of the early stages during 

the Summer although'the absolute increase in size may not be 

very significant. This is indicated by. the changing pattern 

within the 1 mm. 'group. Growth is slowed down in the winter and 

there is little change in the shape of the histograms from 

November to January 
, and from February to March. Growth is 

again rapid during Spring. 

A. s __lliq 
(Figure 36) 

The flight period, May to July, is about a month later 

than in N. ccambtica. Nymphs of'the 0-0.5 mm.. group were 

found from June to November. However, the first instars occurred 

only until October. Most of the hatching took place during 

July and August. Although the period of occurrence of first 

instar nymphs was longer than the flight'period, there was, 

from the results of laboratory investigations, no indication 

of any delayed hatching of eggs. The presence of the few first 

instar nymphs during October may possibly be a result ofa 

delayed rate of moulting. The pattern of, -. growth is fairly, 

similar to that of N: c brica. 

A. ata uesi , 
(Figure 37) 

This species has a univoltine life-cycle with a short flight 
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period from July to August. Although small nymphs were still 

present in August, they were, however, completely absent in 

September. The absence of any adults or nymphs in September 

was possibly due to the killing of the nymphs by the unfavourable 

summer temperatures. It is likely that the adults collected in 

August had emerged in July. If emergence had occurred in 

August, adults would have been present in September since the 

length of adult-life is more than a month. The water temper- 

atures at Station 1 were fairly high during June to August and it 

is possible that the adverse temperatures do not cause an 

immediate killing of the nymphs but that the effect is delayed 

as had been seen in the laboratory studies on the growth of 

the nymphs of L. inermis and L. mosel_i at room temperature 

(Chapter II, 5d). 

The adults begin to oviposit about 1-- weeks after emergence 

and therefore egg-laying must have occurred in July and August. 

There is a long incubation and hatching period and this has been 

shown in the laboratory studies on the hatching of the eggs. 

The growth of the nymphs is very rapid in Spring. There does 

not appear to be any significant retardation during the winter 

and this is reflected in the changing pattern within the 1 imne 

size-group. The occurrence of first instar nymphs from November 

to April must therefore be the result of a delayed hatching of 

some eggs since there is no delayed growth of the nymphs during 

winter. 
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B. Risj, (Figure 38) 

The figure for this species is very similar to that given 

by Hynes (1961,1962). The histograms have been based on both 

fine and coarse net samples made at Station 2. 

The flight period is from April to June and egg-laying 

probably occurred from May to June since the adults collected 

in April were observed only to oviposit during May. There is 

a very long incubation and hatching period and this is indicated 

by the presence of first instar nymphs from October to February. 

The growth of the nymphs is fairly rapid even during the coldest 

months but the period when the greatest amount of growth occurs 

seems to be during early Spring. 

Although no nymphs were collected in the T'aay and June samples, 

it must be mentioned that they were, however, present in the 

stream at Station 2. In Station 1, no nymphs were found after 

April. Hynes (1961,1962) mentions that the nymphs of this 

species which do not emerge in time may be killed off by heat 

in all normal years. It appears, therefore, that the higher 

temperatures at Station 1 might have killed off the nymphs at Station 

1 whereas their survival at Station 2 during May and June could 

be associated with the lower temperatures during this period. 

The occurrence of a wide size range in the population is 

due to the long hatching period, the rapid growth of the nymphs 

throughout the winter and the geometric increase in size between 

instars. Brinck (1949) has shown that this species may sometimes 

produce a very uniform population. This may possibly be due to 
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a short hatching period of the eggs. 

C. torrentium (Figure 39) 

The flight period is from May to early August and egg- 

laying must occur during this period since adults begin to 

oviposit about 1 to 2 weeks after emergence. This is no delayed 

hatching of eggs as has been suggested by Hynes (1962). Although 

nymphs of the 0.5 - 1.0 mm. group were found from June to December, 

the first instar nymphs occurred only from June to September; 

the small nymphs from 0ctobor to December were in their second 

instars. There is, therefore, a delayed growth during the cold 

period. Except for the retardation during winter, the growth 

of the nymphs is steady and gradual. 

7. gammatica (Figure 40) 

The flight period is from May to July and the occurrence 

of first instar nymphs from August to January indicates a 

delayed hatching of some eggs. From laboratory studies, it has 

been shown that the incubation period is about 2 months and that 

the hatching of an egg-batch continues for about 1j months after 

which there are still some seemingly undeveloped eggs. It has 

been suggested that these remaining eggs may possibly be in 

diapause. Assuming that these eggs are undeveloped and that 

the hatching period of any one batch of eggs is ij months, then 

one would expect the hatching period to be from August to November. 

The first instars of the Setipalpia do not feed and they moult 

fairly soon after hatching. It appears, therefore, that the 

p .,.,. _ ., _.. _. ... 
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occurrence of first instar nymphs in December and January may' 

possibly be due to the hatching of some diapause eggs. In any 

event, there is a long hatching period in this species. 

The growth of the nymphs is very rapid during Spring and 

there appears to be only a slight retardation in winter. There 

is, as in B. risi, a very wide-size range in the population. 

Leuctra alp. (Figures 41 - 47), 

The histograms for the first instara (figure 47) and for 

the various Leuctrý app., except forL ni IA', have been based 

on collections from Station 2. Thedata for L. j4pxg are from 

Station 1. Only the results of fine net samples have been used 

for L. hinnonua and L__flýscwhich are the most abundant of the 

species. 

In figure 47 it can be, seen that the first, instars are found 

throughout the year and that there are 2 peak periods of occur- 

rence which correspond to. the hatching periods of the two dominant. 

species. One peak in Summer corresponds to the hatching of 

L. hibno2U and another in late Autumn and winter to L. ffusca 

(and L. geniculata). 

Except for some overlapping, there is a succession in the 

flight periods of the species-occurring in Station 2. L. hi s 

emerged the earliest and is followed by L ermi. s, L. Mae 

and Lfusca. The two, dominant species have fairly long flight 

periods while in the other species the flight periods are 

relatively short. 
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L. hinoowg 
, 
(Figure 41) 

This is au iivoltine species with a flight period from February 

to June. The second instar nymphs were collected from June to 

October. There is, therefore, no delayed hatching of-eggs as 

was suggested by Dynes (1961,1962). In fact, the hatching 

period may possibly be shorter than the egg-laying period since 

the second inatar nymphs in October may, very likely, have grown 

from nymphs hatched in September. It has been found from 

laboratory studies that the rate of moulting is very much delayed 

during Autumn and Winter. Moreover, eggs laid daring the later 

part of the flight period would have a shorter incubation period, 

because of the warmer temperatures, than those laid during the 

the beginning of the flight period when the water was still 

fairly cold and this would result in an overall shortening of 

the hatching period. \ 

Brinck (1949) and Hynes (1962) mention that growth is active 

during the winter. This 'active' growth is, however, only 

illusory since there is a retardation in the rate of moulting 

during'the cold period, but because many of the nymphs are fairly 

large when the winter sets in, the unfavourable effect of low 

temperature is masked by the normally big increase in size between 

instars of the older nymphs. The temperatures in Summer are, 

in fact, favourable for the growth of'the species even though 

the increase in size of the small. nymphs during this period may 

not be significant. 

i 
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ermis (Figure 42) 

Mature nymphs with black wing pads were found in late April 

but adults were collected only from May to early July. The 

emergence period is probably from late April to early June. 

The second instar nymphs occurred from July to January and 

there'seems to be, as has been suggested by Hynes (1961,1962), 

a delayed hatching of some eggs. However, most of the hatching 

occurred from July to September. The results from laboratory 

investigations have shown only a slight retardation in the rate 

of moulting during winter and this is also reflected in the 

changing pattern of the histograms during the cold months. 

Therefore, the presence of second instar nymphs till January 

mast be due to a very delayed hatching of some eggs rather than 

to a delayed growth of the nymphs. During the study on the 

hatching of the eggs it has been found that the incubation period". 

is about a month and that the hatching of any single egg batch 

continues for 1 to 2j weeks. However, there is a small percent- 

age of seemingly undeveloped eggs left and it has been indicated 

that they might be in diapause. The results of the field invest- . 

igations seem to support this suggestion. 

L. moselvi (Figure 4k3) 

This species has a univoltine life-cycle and the flight 

period was very short., being from July to August. The adults 

occurring in August probably emerged in July. Although no 

adults were collected in June, mature nymphs with black wing 

'pads were found during this-period and it-is possible-that the. 
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emergence period was from late Jane to July. _ 
Very small nymphs were present from'September to April bat' 

the second instar nymphs were found only till February. Hynes 

(1961,1962) showed the occurrence of tiny nymphs only during 

March and April but this is due to the inability to identify the 

nymphs in the 1 mm. group. Laboratory studies have shown an 

incubation period of about a month and a hatching period of a 

single'egg-batch from 1 to 1* months. The occurrence of second 

instar nymphs for 6 months must therefore be due to the slightly, 

delayed hatching of some eggs and to the delayed rate of moulting, 

during the cold period. 

There is a rapid growth of the nymphs during Autumn and Spring 

and a'significant retardation in winter. 

It has been found that this species Is rather intolerant of 

high temperatures. The presence of fairly small nymphs in June,, 

and July and their complete absence in August would therefore' 

appear to be due to the killing of the nymphs by the rising 

temperatures. 

L...... fj gA (Figure 44) 

This. - is a'univoltine species with a flight period from 

August to November. the second instar nymphs were found for a 

period of 9 months, from September to May and this was due to 

3, factors: - (a) a delayed rate of moulting during the cold 

period, (b) 'a delayed hatching of some eggs within a single 

egg-batch and (c)'differences in the length of the incubation 
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period of eggs laid at different'times of year, the overall, -' 

effect being the direct opposite of that seen in'LLYgy. 

The growth of the' nymphs is rapid during Spring and Summer 

and the retardation during Autui'and Winter is reflected in 

the small change in the pattern of the histograms during this 

period. 

L. zenictil. a&a (Figure 45) 

This is a univoltine life-cycle and the pattern of growth 

is similar to that of f- growth being rapid during Spring 

and Summer. Although adults were collected in September 

emergence probably occurred in August when mature nymphs were 

found. One noticeable feature in the histograms is that the 

nymphs below 5 mm. were'fairly common but the larger nymphs were 

only collected in very small numbers. Mere seems to have been 

a migration of the larger nymphs away from the areas of sampling. 

Lesta; e (1920) mentions that this species lives on the underside 

o£. large deeply embedded stones and boulders in fairly deep 

water and Hynes (1941) has found it to be true of the larger 

nymphs whereas the smaller specimens occur among the'stones and' 

gravel. Thus, it is possible that the flight period, indicated - 

. by'the presence of adults in September, may be much shorter; than 

it actually, is. Hynes (1958). records the flight period to be 

from August to November but. m inly'August to September. 

The laboratory studies have not indicated any delayed. 

hatching of the eggs of any one batch and therefore, the presence 
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of second instar nymphs from November to May seems tobe due to 

the very delayed growth of'the nymphs during Winter-(shown' in 

laboratory investigations) and to the differences inthe length 

of the incubation periods, of egos laid at different months (i. e.. 

assuming a fairly long flight period). 

L. = (Figure 46) 

The studies by Hynes (1941) and Brinck'(1949) have indicated- 

a univoltine life-cycle for L. fni However, the laboratory 

studies and the results of tue present field investigations seem 

to suggest a two-year life-cycle. 

The flight period is from May to June but half-grown nymphs 

occur'in July and they seem to survive. in the months that followed 

without much growth. The half. =grown nymphs in July must have 

been one-year old but the second instar nymphs in the-same period 

must have hatched recently since the incubation period is about. 

a month. Laboratory studies have not shown any delayed hatching 

of eggs and therefore, the presence of second instar nymphs for 

a greater part of the year, from July to December and in February 

and May., may be due to. a very delayed growth of some of the rymphe. 

There is a general retardation of growth during late Atux n and 

in Winter. It has been found from laboratory studies that 

nymphs hatched in July were mostly less than 2 mm. long in I%y, 

of the following year and this seems to. support the interpretation 

. of a two-year life-cycle in L 
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50 Dia2uäl4 
Of the thirteen species, only one, L. n tea, has a two-year 

life-cycle; the rent are all univoltine. 

From the results of this study, it can be seen that the 

interpretation of field data must necessarily be cautious and 

that 4 knowledge of the biology of the eggs and of the nymphs is 

essential before anydefinite conclusions can be drawn. 

The rate of growth of many species, based on the increase 

in the average size of nymphs in successive months, has been 

studied by Hynes (1941), Brinck (1949), Lilies (1952) and Rauser 

(1961,1963). Brink (1949) points out that this method is 

", applicable only if there is no long hatching period or retardation 

in the growth of the young nymphs. Macan (1960) has indicated 

other sources of error such as the stopping of growth of mature 

nymphs and the migration of nymphs into the sampling area. 

Another criticism of this method is that the geometric increase 

between instars would tend to mask the effect of environmental 

conditions on the growth of the nymphs. Macao (1960) has devised 

a method of assessing the amount of growth by superimposing the 

histograms for successive months in-pairsp one on the other. It 

appears, however, that the standard method of'placing the specimens 

into equal linear size-groups is inappropriate because the young 

nymphs would tend to show a slower rate of increase than the older 

,, nymphs. A suitable method probably would be to place the nymphs 

into equal logarithmic rather than equal linear size-groups. In 

the present study, however, the measurement$ of the nymphs has 
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been done in the standard manner but comments regarding the 

growth of the small nymphs have been based on the observations 

regarding the stages of development of the nymphs and on the 

changing pattern within the 1 mm. size-group. 

Macan (1957) and Hynes (1961,1962) have shown that in many 

species of mayflies and stoneflies respectively, the period during 

which small specimens can be found is very much longer than the 

flight period and have suggested a delayed hatching of some eggs. 

Macan has also pointed out the possibility of a delayed growth 

of young nymphs as has been previously shown by Brinck (1949) 

for L,, f Besides the possibility of a delayed growth as 

a result of unfavourable conditions there is also the normal 

small increase in size between instars in the young nymphs. Thus 

it is important to be able to recognise the stages of development 

of the small specimens. In order to distinguish between a long 

hatching period and a delayed growth of the nymphs, it is necessary 

to take into account the period of occurrence of the very young 

nymphs since there is generally a retardation of growth and 

development during the winter. In B. riisit A. standfus i, frgr, 

L. rTp, g and1. era, = this retardation is relatively 

slight whereas in. the other species growth appears to be slowed 

down considerably during the cold period. In some species such 

as Cg bifrona growth is stopped completely during the Summer 

because of the occurrence of diapause in the early instars.. In 

A2,, i%Lggjjjq and L. the long period during which the newly- 

hatched or tiny nymphs are found is due to delayed growth of the 
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nymphs. Ä. In L. moselvi, fc and L. geniculata it is the 

result of a long hatching period as well as a delayed nymphal 

growth while in A. strandfussi, B. riss, I. grammati and L. ink 

it seems to be due to a long hatching period of the eggs. 

A long hatching period may be due to intrinsic factors 

within the eggs or to the influence of environmental conditions 

on the length of the incubation periods or to both. In L. mogel_vi, 

A. standfussi, B. Eis.. I. erammatica and L. inermis the flight 

(and egg-laying) periods are relatively short and do not spread 

over seasons when there are great changes in temperature. Hence, 

the long hatching periods are due to delayed hatching of some 

eggs with a singt egg-batch that is, a result of intrinsic 

factors. In L,,,, fu sca there is a delayed hatching of Tj months 

for any singe egg-batch but in this species, however, ýthe effect 

of external factors is particularly important, since the flight 

period extends from Summer to late Autumn. The eggs that are 

laid in Summer hatch Bonner, because of the warmer temperatures, 

than those that are laid in late Autumn so that there is an overall 

extension of the hatching period. 

In t_ hippo; u, u , the hatching period is shorter than the 

flight period which extends from February to June. In this 

species, the overall effect of the long flight period is the 

reverse. of that in L. fu Via. A short hatching period is also 

seen in C. jifronA but the effect of environmental factors is on 

the interval between emergence and egg-laying. Adults which 

emerge early in-the year, because of the lower air temperatures, 
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show a longer interval between emergence and'egg-laying than those 

which emerge later. The eggs are normally fully'-developed when 

they are laid and hatching is immediate. 

The occurrence of a short emergence period is found in several 

species but in some species such as L. hipoo= and L. fusg, which 

are able to tolerate a wide range of temperature, the flight 

period is fairly long. In A. standfussi, L. moselsi and B. nisi, 

which are quite intolerant of high temperature, it appears that 

the short emergence period may be due to the killing of the 

nymphs by the rising temperatures. The importance of temper- 

ature; as a factor in the restriction of flight periods has been 

discussed by Macan (1958b). High temperatures need not necessarily 

result in the immediate death of the nymphs but instead, the effect 

may be delayed as has been shown from the laboratory studies on 

the rearing of L. mosel_vi and L. inermjs. There is a different 

degree of tolerance to high temperatures between the young and old 

nymphs. The early instars of many species are able to develop 

without much ill-effecto at temperatures which are unfavourable 

for the later instars. This clearly suggests that the effect 

of temperature istbtough the medium of oxygen, as has been pointed 

out by Pleskot (1953). At high temperatures, the amount of 'oYygen 

available maymot be sufficient for the increasing demands of the 

larger nymphs. Besides the negative aspect of unfavourable 

environmental conditions in preventing a species from extending 

its flight period there is also the possibility that some species 

may actively restrict the flight period by emerging after a 
r 
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smaller number of instars, since the instar number for any 

species is quite variable. In Q. bifrong (Chapter II, 3c) it 

has been shown that adults which emerge towards the end of the 

flight period tend to be smaller than those which emerge earlier 

and there are indications, in this species, that increasingly long 

photoperiods may induce differentiation of adult characters in 

half-grown nymphs. 

5 
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IT. STUDIES ON DIAPAUSE 

1. Introduction 

The interpretation of diapause as used here follows the 

definition given by Andrewartha (1952) and Lees (1955) and is 

distinct from quiescence in which the condition of arrested 

growth is directly controlled by unfavourable conditions which 

when removed will cause an immediate resumption of growth. 

There has been, previously, no definite record of. diapause 

in stoneflies. Miller (1939) mentions that the development 

of the embryo of P. is complete in about 5-1 month9, but 

under natural conditions the naiad remains dormant over winter 

and hatches about 10 months after oviposition. Although the 

dormancy has been referred to as diapause by Miller, it seems 

likely that this is a case of quiescence since eggs, that were 

maintained for about 5 -months under natural conditions began 

to hatch 8 days later when transferred to a temperature of 22°C. 

From the laboratory investigations on the biology of the 

eggs and nymphs, it has been shown that several species exhibit 

this inomenon of diapause. In Br, A. standfussi, N. cinerea 

and D. binaudata diapause occurs in the egg-stage, while in 

C. bifrons it is the nymphs which undergo diapause. The 

possibility of diapuase occurring in some of the eggs of 

and L. inermisand in the nymphs of N. cea'has also 

been indicated. 

During the investigations, a study was nade. of the factors 

influencing diapause in some of the species, 
z. 
namely, Q. tifrons, 
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D. bicaudata and B risi. Time has been a great limiting 

factor and the investigations were carried out in 1963, in the :. '{ 

midst of other studies on the biology of stoneflies. The 

experiments had to be designed partly to fit in with the existing 

facilities that were also being used for other purposes during 

that period. The conclusions that can be drawn are therefore 

limited but nevertheless they d ould narrow the scope for further 

analyses on diapause in these insects. 

2. Exgerimental conditions 

The following experimental conditions were employed: - 

Al - cold room. Normal photoperiods and temperatures 

simulating the conditions in R. Terrig. 

A2 - Box at room temperature. Normal photoperiods as 

in A1. Average temperature 20.5°Cp the raffige was 

15 to 26°C. 

B1 - Box inside cold room. Photoperiods about 4- months 

ahead of normal photoperiodic regime. Temperatures 

varied from that of A11 to about 20C higher: this 

was caused by the lamp. 

B2 - Box at room temperature. Photoperiods as in B1. 

Average temperature 20.5°C, range 15 to 26°C. ` 

C1 Refrigerator. Constant photoperiod of 14'+ hours of 

light per day. Temperatures varied daily from 1- 

Sod. 

The cold room, 6x6x7 feet, was illtxmi. nated by an ordinary 100W 
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lamp. The temperature was adjustable and was thermostatically 

controlled, with an accuracy of 1 0.5°C. The size of boxes A2, 

B1 and B2 was 14 x 14 x2 feet and the source of lighting in them 

and in the refrigerator C1 was a 15 W lamp. There was no 

facility for maintaining temperatures independent of photoperiods 

in the refrigerator or in the boxes. However, to prevent 

excessive rise of temperature in the boxes 2 one-inch holes were 

drilled at the sides, (one at the lower and another at the upper 

end) to allow convection currents to occur. A foot length of 

rubber tubing was fitted to each of these openings and it was 

bent away from the external source of light. The lamps in 

Al, A2 and B1, B2 were connected to 2 time-switches and the 

photoperiods were adjusted once a week. C, was connected to 

a separate time-switch and the photoperiod was kept constant. 

Figure !a shows the cold room A, with the box B1 inside 

it. A close-up view of B, is shown in figure 48b. The three 

photoperiodic. regimes and the temperature conditions in Al are 

indicated in figure 49. 

3. Diavause in Cagnia bifrons 

C. bifrona is a tmivoltine species with an emergence 

period from February to May in River Terrig. The females are 

ovoviviparous and each adult lays only a single batch of eggs. 

In nature, the egg-laying period is from May to June. The 

interval between emergence and egg-laying is influenced by 

temperature and it is possible to induce early oviposition by 
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maintaining the adults at warm temperatures. 

The eggs hatch immediately after ovipositiön and about a month 

after hatching, the nymphs begin to undergo diapause. Diapause 

occurs usually in the 4th or 5th instar" Occasionally some 

nymphs undergo diapause in the 3rd or 6th or very rarely in the 

7th instar. Diapause nymphs are morphologically very distinct 

from non-diapaase. nymphs. In general appearance they are opaque 

and whitish in colour due to a huge accumulation of fat globules. 

The tracheal tubes are very conspicuous and thee segments towards 

the tip of the cerci are extremely slender. In the non-diapause" 

nymphs (i. e. pre- and post-diapause, instars) bristles occur on 

every cercal segment but in diapause nymphs they are found only 

on a few basal segments. Diapause nymphs usually do not show 

an increase in the number of antennal segments over the previous 

instar. They do not feed and are at first sluggish in their 

movements but they soon become immobile in a characteristic 

position, with the head flexed towards the body (Figure 50).;; 

At the and of diapause the nymphs become active again but they 

do not feed until they have moulted, which is a few days to about 

a week later. 

In River Terrig, diapause nymphs, occur from June to. August 

while the breaking of diapause is from September to glovember. 

From the results of laboratory studies in 1962 (See figure 51) 

it was found that the nymphs first began to enter diapause in 

June when the temperature was 9"50C. Some nymphs went into 

diapause during August when the temperature was 13.5°C. 
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Although the majority of the nymphs broke diapause in the second 

half of September and in October, the breaking of diapause began 

in late August and in early September before any fall in temper- 

ature had occurred. It appeared from this study, that the breaking 

of diapause is not dependent upon a fall in temperature and that 

the factor responsible for the induction of diapaüse may be photo- 

periods above a certain critical length. In 1963 a series of 

experiments was carried out to study the influence of environmental 

factors On diapause and the critical stage of development when 

such factors become effective. At the same time, nymphs were 

also reared in the cold room and the results in figure 51 again 

showed the breaking of diapause in August, before any fall in 

the temperature had occurred. 

The newly-hatched nymphs were reared in petri-dishes (details, 

of rearing are given in Chapter II, 2) and they were obtained 

from eggs laid by adults that emerged in the cold room, from 

fairly mature tyml hs collected from R. Terrig. 

Ex-Deriment 1 

Aims: 

To determine the influence of differing conditions of 

photo period.: and temperature on the induction and termin- 

ation of diapause and on the stage during which diapause 

occurs. 

Materials and Methods: 

Two similar sets of experiments were carried out at 

different periods. The newly hatched nymphs were reared 

j 

i 
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in petri-dishes in 5 different conditiohs: - 

Aý - norma]. photoperiods and temperatures, 

A2 - normal photoporiods; average temperature 20.5°C, 

B1 - Photoporiods about 4j months ahead of normal regime; 

temperature varied from that of Al to about 2°C higher. 

B2 - Photoperiods as in B1; average temperature 20.5°C, 

Cl - Constant photoperiod of 12 hours per day; daily: 

range of temperature 1-7.5°C. 

Experiment la began on 11.4.63 when the temperature in Al 

was 7°C (in B1 between 7 and 9°C). The photoperiod in 

Al and A2 was increasing from 13 hours per day and in 

B1 and B2 decreasing-fron 14j hours per day. 30 nymphs 

were kept in each set of conditions. Experiment lb began 

on 27.5.63 when the temperature in Al was 12.5°C (in B1 

between 12.5 and 14.5°C). The photoperiod in A, and A2 

was increasing from 16-i hours per day and in B1 and B2 

decreasing from 11 hours per das. 10 nymphs were used in 

each set of conditions. 

Results: 

A summary of the results is shown in Table 8. 
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Date of 
commencement Al A2 B1 B2 Cl 

Diapause (5) Diapause (4) Diapause (4) Diapause (10) ýy 
- 

- - Non- - Non- 
11.4.63 diapause (1) diapause (7) 

iv, v iv, v, vi v V.. vi 
Diapause (2) - Diapause (8) - Diapause (3) 

27.5.63 - - - - Non- 
diapause (5) 

iv iv iv, v 

The figures within brackets indicate the number of diapatise or non-diapanse 

nymphs that survived the experiment. The Romei numerals indicate the 

stage of diapause. 

Table 8- Experiment-1 - The occurrence of 

diapause and non-diapause nymphs under 

various conditions. 

A, - The nymphs entered diapause during late May and early June 

at the 4th or 5th instars. The breaking of diapause 

occurred in September. 

A2 Diapause occurred in May and early June at the 4th, 5th 

or 6th instars. Only 1 nymph succeeded in breaking 

diapause in late Augusts the rest died between September 

and October. 

B1 - Four out of the five nymphs that survived the experiment 

entered diapause at the 5th instar, during late May and 

in Jane. 
_ 

The breaking of diapause occurred from late 



(120) 

August to September. The single nymph that did not under- 

go diapause was found to be fully developed in late October. 

B2 - Ten nymphs entered diapause at the 5th or 6th instars during 

May. None broke diapause and the nymphs died between 

]4te August to October. 

C1 - Seven nymphs were left by the end of August but none entered 

diapause. One was. in the 4th, 
-two were in the 5th and 

the rest were in the 7th, 8th and 9th instars. One nymph 

emerged in late February. 

The nymphs in A2 and B2 died during the early stages of 

development. 

Al - Two nymphs were left and both entered diapause in early 

July. They broke diapause in late September. 

B1 - Eight nymphs were left and all were in diapause in early 

July. The breaking of diapause occurred from October to 

November. 

Cl - Three nymphs entered diapa. use at the 4th or 5th instars 

at the end of August while five (one 4th, two 5th and two ¶ 

7th instars) remained active. The breaking of diapause 

occurred in October and December. Two of the active 

nymphs were in the 12th instar in early November. 

In spite of the different photoperiodic regimes in Al. A2 and 

B1 and B2. The dates of occurrence of diapause were fairly 

similar. In Cl (Expt. 1ti). the nymphs entered diapause after 
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a longer period because of the slower rate of growth at lower 

temperatures. 

Diapause occurred mainly at the 4th or 5th instars. At 

the higher temperatures in A2 and B2 some nymphs underwent 

diapause in the 6th instar. 

Most of the diapause nymphs in A2 and B2 died without 

breaking diapause. It is possible that diapause development 

was completed between late August and October but the high 

temperatures probably killed off most of the nymphs that were 

ready to break diapause. 

In B1, all the nymphs which hatched on 27.5.63 were of the 

diapause type whereas one of the nymphs which hatched on 11.4.63 

failed to enter diapause. This may be associated with the 

lower temperatures that the first instars were experiencing in 

the latter case. 

Condualm 

1. The stage at which diapaase occurs is variable but it is 

usually in the 4th or 5th instar. the average period of 

diapaare under normal stream temperatures is about 3 to 4 

months. 

2. Diapause is induced by temperatures above 12.50C irrespec- 

tive of increasing or decreasing photoperiods (A2. B2 in 

Expt. la and All B1 in expt. 1b). 

3. Increasing photoperiods from 13 hours of light per day 

and rising temperatures from 7 to 12.50C will induce 

diapause in all nymphs (Al in'F, xpt. la) whereas decreasing 
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photoperiods from 14 hours per day and rising temperatures 

from 7 to 11.5°C may^result in a few nymphs failing to 

enter diapause (B1 in xpt. la). A clearer understanding 

of this conclusion can be obtained once the critical 

stage during which diapausing factors are effective and 

also the sensitivity of different instars to different 

enviornmental factors have been determined (See 5cperiment 

2). 

4. There is a tendency for nymphs nöt., to enter diapause at 

temperatures of 1. to 7.5°C and at constant photoperiod 

of 12j hours Fer day (Cl) 
" 

5. The breaking of diapause can occur independently of photo- 

period and temperature. However, the successful termin- 

ation of diapause may be impaired by temperatures of 15 - 

260C (A2, B2). 

6. 
. 

The length of diapause in C. is about 2 to 4 months. 

bcneriment 2 

Aims: 

To determine the critical stage of development during 

which diapausing factors are effective and the sensitivity 

of different instars to photojeriods and temperatures. 

Materials and Methods: 

Newly-hatched nymphs were, placed in Al and B1 on 14.5.63. 
z 

Ten. nymphs were each transferred from Al to B1 and C1 ̀and 

from B1 to A, and C1- at the 2nd, 3rd and 4th instars. The 

nymphs were transferred as soon as that particular instar 
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was reached. 10 other nymphs were also separated at the 

2nd instar and kept as controls under experimental conditions 

(A, or Bj) in which they had started. Newly-hatched nymphs 

were also placed in C1 on 11 . 4-63 and 4.6.63 and 5 nymphs 

each were transferred to A1'and B1, at the 2nd, 3rd, r4th 

and 5th instars. 5 other nymphs were kept as control in 

C1. In Al and B1 it was, possible to begin with a large 

number of nymphs and so a sufficient number was always 

available for transfer as soon as a particular instar was 

reached. Unfortunately, many fewer. were available to 

start their lives in C1 , 'so the numbers transferred from, -; 

and retained in, these conditions were small. Also, 

some nymphs of a particular instar had to remain in C1 

for some time before there were sufficient nymphs'of. that 

instar to be transferred-together to Al and B1. 

Results: 

The results are summarised in figure 52 in which the 

environmental conditions experienced by the various instars 

are indicated. The date of transfer of a particular instar 

to a-different environmental condition is given at the 

bottom of-the column for that instar. The number of 

nymphs that survived the experiment, the percentage of 

these, nymphs that-underwent: diapause'and"jthe stage-of 

diapause are shown in the figure. 

A 100% diapause was obtained from nymphs reared through- 

out in Al and BI. None of the nymphs kept as o ntrol 



15 

10 

5 

o 

MAMJ 
.)A 

S' 0ND 

Instar no "/. Stage of Instar no. "l. Stage of 
II III IV Diapause Diapause 1 it III IV V Diapause Diapause 

A, A, A, A, 9 100 IV V IC, C, C, C, C, 5 01 

A, B, B, B, 9 100 IV V 

Ai At B, B, 8 100 IV V` Ci A, A, A, A, 4 100 IV V 

A, A, A, B, c 100 V C, C, A, A, A, 5 . 100 V VI 

cl CI C, A, AI 5 -100 
V VI VII Vill 

At C, C, C, 8 75 IV V Cl C, C, C, A, 5.100 VI VII IX 
A, A, C, C, 10 100 ' IV V-- 
A, A, A, C, 10 90 V, 

B, B, B, B, 9 100 IV V 

B, A, A, A, 9 100 IV 
B, B, Al Ai 9 °100` IV V 

B 9 100 V 

C. Cl Ci 8 87.5 IV 
B, B, C1 C1 9 -100 IV, 

c, B, B, B, 9, 

c, C, B, B, B, 
c, c, c, B, B, 

c, c, c, c, 6, 

4 100 IV 

q 100 IVVVI 

5 60 VIX 

5 40 VIII 

I IB, BiB, Ci8 100. V ºý 

" Date'. of 

'T Transfer 

Fig. 52 



(124) 

throughout in'Cl entered diapause. However, a few nymphs 
(not used as control) were found to undergo diapause in C1. 

The above results do not contradict the conclusions drawn 

in Experiment 1. 

A 100% diapause was also obtained from nymphs trans- 

ferred from A, to B, and vice versa at the various instars. 

Transferance of nymphs from Al and Bl at the 2nd 

instar to conditions in Cl, which by themselves did not 

induce or only rarely induced diapause, resulted in 75% 

and 87.5% of the nymphs respectively undergoing diapause. 

Transferanoe from A, to C, at the 3rd and from B, to C, 

at the 3rd and 4th instars resulted in a 100% diapause. 

However, only 905' of the nymphs underwent when they were 

transferred from Al to C1 at the 4th instar. The single 

nymph that did not enter diapause may have been aberrant. 

All the. nymphs that were transferred from C, to B1 

at the 2nd and 3rd instars and from C, to Al at the 2nd, 

3rd, 4th and 5th instars entered diapaase. Only 60% 

and 40% of the nymphs underwent diapause when they were 

transferred from C, to B, at the 4th and 5th instars 

respectively. The nymphs which did not enter diapause 

emerged in early September and in October (very much 

earlier than the normal emergence period). 

There was a tendency for the nymphs which were 

transferred from C, to Al or B1 at the later in3tara 

(e. g. 4th and 5th) to undergo diapause at a fairly 
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late stage of development. A few nymphs, however.. 

entered diapause at the 5th or 6th instar, quite soon 

after they were transferred. These nymphs were possibly 

already destined for diapause while in C, whereas those 

which underwent diapause at the later instars (e. g. 8th 

or 9th) were possibly destined for diapause while in A, 

or B1. 

Conclusions: 

1. The first five instars are sensitive to diapause-inducing 

factors but the sensitivity and response to certain 

factors are decreased ih the later Einstars. The first 

three instars are sensitive to temperatures of 9 to 15.0°C 

irrespective of photoperiods (cf. transfer of 2nd and 

3rd instars from Al and B1 to C1 and from C, to Al and 

B1). The sensitivity and response to these temperatures 

in the 4th and 5th instars are decreased under decreasing 

photoperiods (cf. transfer of 4th and 5th instars from C1 

to B1). The response is, however, unimpaired under long 

pliotoporiods of about 17 hours /dap, (cf. transfer of 4th 

and 5th instara from C1 to A1). To summarise, the first 

five instarsýare sensitive to temperatures and photo- 
I 

periods. In the first three instars, diapause is induced 

over a wide range of temperature (9 .. 15°C) irrespective 

of photoperiods. In the 4th and 5th the sensitivity to 

temperature decreases, and photoperiods begin to°assume 

an important role in the induction of diapause,. - 
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2. A large percentage of the nymphs are destined for diapause 

during the first instar and by the second instar all or 

virtually all the nymphs are destined for diapause (cf. 

transfer from Al and B1 to Cj). 

3. Diapause cannot be prevented once the fate of the nymphs 

has been determined (cf. transfer from Al and B, to Cl). 

4. The onset of diapause occurs several instars after the 

prospective fate has been determined. Thus., nymphs which 

are destined for diapause during the first or second instar. - 

usually enter diapause at the 4th or 5th mater while 

those which are destined during the fourth or fifth instar 

tend to undergo diapause at the 8th or 9th instar. 

5. Non-diapanse nymphs are able to develop fairly rapidly and 

emerge successfully under decreasing photoperiods and at 

temperatures of 12.5 - 15°C. 

Aims: 

To determine the influence of environmental factors on 

the termination of diapause. 

, eri 1$ A Met1 : 

Newly-hatched nymphs were placed in Al and A2 on 11.4.63 

and 10.5.63 respectively and were kept there until they 

had been in diapause for about 3 weeks. Five nymphs each 

were then removed on 3.7.63 and were transferred to B10 

B2, C1 and Al or A2 with similar numbers remaining as 
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controls. The breaking of diapause, i. e. when the nymphs 

became active again, was then observed. 

Results: 

The results are shown in Tables9 and 10. 

Length of Diapause 
(Days) 

Condition Remarks Range Average 

Al Broke diapause between 26.8.63 and 
(Control) 5.9.63 75 - 85 80 

A2 Only 1 broke diapause on 15.10.63. 
Rest died during October 125 125 

B1 3 broke diapause between 20.9.63 and 
3.10.63.2 died on 30.9.63 100 - 113 106.5 

B2 2 broke diapause on 15.10.63. Rest 
died during October 125 125 

C1 Broke diapause between 22.7.63 and 
29,7.63 40 - 47 43.5 

Table 9r - Expt. 3 '- Total length of diapause in days. 

Nymphs in diapause for 3 weeks in A, before 

being transferred on 3.7.63. 
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Length of Diapause 
(Days) 

Condition Remarks Range Average 

Al 2 broke diapause on 8.8.63 and 5.9.63 57 - 85 71 

A2 
(Control) 

All died during October - 

B1 2 broke diapause on 22.8.63 and 10.9.63 , 71 - 90 80.5 

B2 All died during September and October - - 

C1 Broke diapause between 29.7.63 and 
15.8.63 47 - 64 55.5 

9" 
I 

Table 10 - Expt. 3- Total length of diapause in days. 

Nymphe in diapause for 3 weeks in A2 before 

being transferred on 3.7.63. 

Table 9- Only a few-nymphs succeeded in breaking diapause 

at temperatures of 15 - 26°C (AZT B2). The high temper- 

atures probably killed off most of the nymphs that had 

completed diapause development. 

The length of diapause of nymphs transferred to C1 

(temperatures 1-7.5°C) was shorter than that of nymphs 

remaining in Al (temperatures 12.5 - 13°C) or transferred 

to B1 (temperatures 12.5 - 15°C) and the latter was shorter 

than that of nymphs transferred to A2 or B2 (temperatures 

15 - 26°C). The length of diapause in A, was slightly 

shorter than in B1 and this seems to be associated with 

the lower temperatures in A,. 

Table 10 - Nymphs transferred from' Al to C1 showed a 
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shorter period of diapause than those transferred to A1 

or B1. It is worth noting that nymphs remaining in Al 

or transferred from Al to B1 (Table 9) showed a longer 

length of diapause than nymphs transferred from A2 to Al 

or B1 (Table 10). 

Conclusions: 

1. Diapause development can occur independently of temper- 

atures and photoperiods. 

2. High temperatures of 15 - 26°C tend to prevent the 

successful breaking of diapause. 

3. The period of diapause development is shortened when 

nymphs are transferred to temperatures that are lower 

and is prolonged when transferred to temperatures that 

are higher than those which they were previously experiencing. 

Miscellaneous observations: 

Under natural conditions in AI the nymphs underwent 

diapause only once in their life-cycle, at either the 

3rd, 4th, 5th, 6th or 7th instar. The usual stage of 

diapause was at the 4th or 5th instar. However, the 

nymphs may be induced to undergo diapause twice as can 

be seen in, the following experiment. 

Nymphs hatched on 10.5.63 and placed in B2 (Average 

temperature 20.5°C; decreasing photoperiods from 121 to 

10j hours of light per day) were transferred at the 4th 

instar (active stage) on 5.6.63 to C. ) (Constant photo- 
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period of 12+ hours per day and temperatures 1-7.50C). 

Some 4th instar nymphs which had just reached the stage 

of diapaase but had not yet become dormant were also 

transferred to C, on the same date. 

The results are shown in Table 11, The first 

diapause occurred at the 4th or 5th instars while the 

second diapause occurred at the 7th or 8th instars. 

The length of the second diapause (about 4-5 months) 

was much longer than that of the first (about 1-- 2 

months). The first diapause was determined while the 

nymphs were in B2 and the shorter diapause period in this 

instance may be the result of the transfer to the lower 

temperatures in Cl. The second diapause was probably 

induced while the nymphs were in C1 and the increase in 

photoperiod, resulting from the transfer from B2 to C1 

could have been responsible for the induction. The 

photoperiod in B2 at the date of transfer was 10- hours 

of light per day while in Cl the photoperiod was 12f 

hours per day. 

Stage of Stage & date of Termination of Stage & date of Termination of 
transfer lot Diapause lot Diapause 2nd Diapause 2nd Diapause 

iv v- vii, viii - 
(Active) 20.6.63 - 3.7.63 8.8.63 28.10.63 27.2.64 - 27.3.64 

iv iv - vii - 
(Ready for 
diapause) 12.6.63 6.8.63 28.10.63 27.2.64 - 27.3.64 

The Roman numerals indicate the instar number. 
Table 11 -' Nymphs transferred from E2 to C1 on 5.6.63. 
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D. agug 

The results of this study have shown that, under normal 

conditions, the nymphs of C, bifronq, undergo diapause only once, 

and in any of the instars, from the 3rd to the 7th; the usual 

stage of diapause is however, in the 4th or 5th instar. Under 

certain environmental conditions the range can be extended to 

the 9th instar and diapause can be induced to occur twice during 

the life-cycle. 

The onset of diapause occurs several instars after the 

prospective fate has been determined. Nymphs that are destined 

for diapause show a progressively longer interval between instars 

as they approach the stage of diapause. They show also a 

greater accumulation of fat gbbules and a smaller increase in 

size than nymphs whccb are not destined for diapause. The 

diapause stage itself is characterised not only by a long period 

of arrest. as in A ax imnerator (Corbet 1956) but also by very 

distinct morphological features such as the immense accumulation 

of fat globules, the smaller size of the nymphs, the fewer 

antennal segments, the slender cercal segments and the absence 

of bristles on the segments towards the tip of the cerci. All 

these observations seem to suggest that a different pattern of 

metabolic activity is invoked In nymphs destined for diapause 

so that most of the food ingested is accumulated in the form 

of fat-globules and very little is used for growth and develop- 

ment. Lees (1954) mentions that the'inception of diapause 

is commonly associated with the temporary failure of some 
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component of the endrocrine system, usually the neurosecretory 

cells of the brain". Andrewartha (1952) believes that the 

general cause of diapause is the accumulation of "intractable 

food reserves" and that they may be used only after an adequate 

exposure to low temperature, or in certain instances in response 

to some other appropriate stimulus from the environment. He 

suggests that the neurosecretory cells are stimulated after the 

breaking down proccesses have reached a certain threshold value. 

In bif or the termination of diapuuse can occur irrespective 

of the environmental conditions but the period of. diapause 

development is shortened when the nymphs are transferred to 

temperatures that are lower and is prolonged when they are 

transferred to, temperatures that are higher than those which 

they were previously experiencing. This clearly suggests that 

the neurosecretory cells are not completely inactivated during 

the period of diapause. It is possible that the increasing 

accumulation of fat globules tends progressively to decrease 

the activity of the neurosecretory cells so that there is an 

increasingly longer interval between moults as the nymphs 

approach the stage of diapause. The period of arrest is much 

longer during the diapause stage probably because of the immense 

accumulation of fat globules. The fact that the length of 

diapause is shorter when the nymphs are transferred from a 

higher to a lower temperature than when they are reared through- 

-'-,, 
out-under the latter condition suggests that the activity of 

the neurosecretory cells of nymphs in diapause does not depend 
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upon the breaking down of the intractable food reserves but 

instead is associated with the change in temperatures during 

transfer. It appears that rising temperatures during the 

period of diapause tend to decrease the activity of the neuro- 

secretory cells and hence prolong the diapause while falling 

temperatures result in the opposite effect. The active stages 

of insects normally show a faster rate of moulting at warmer 

than at colder temperatures and this would imply a greater 

activity of the neurosecretory cells. However, the physiological 

mechanisms that operate in the diapausing insect are different 

from those of the active stages (Lees 1954) and it is therefore 

not unusual that the stimulus for the neurosecretory cells in 

the diapause and active stages should be quite different. It 

is possible that in the active stages the stimulus for the 

secretion of the growth and moulting hormones may come from the 

breaking down processes during metabolism as has been suggested 

by Andrewartha (1952). 

The environmental factors influencing the induction of 

diapause in C. bifrons are temperature and photoperiod. The 

sensitive stage is not localised in one particular instar but 
Js 

extAnds over the first five instars. Diapause is induced in 

a large percentage of the, zymphs after the first instar and by 

the end of the second instar all or virtually all the nymphs 

are destined for, diapause. Diapause cannot be prevented once 

the process of determination is completed. The first three 

instars'are sensitive over-'a wide temperature range of 9- 20.50C 
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and diapause is induced irrespective of photoperiods. (As no 

study was made on the response of individual. instars it iss 

therefore, really not possible to say for certain whether the 

2nd or 3rd instars are sensitive to the lower limit of the 

temperature range, but nevertheless the assumption is made here). 

At temperatures which will induce diapause, the influence of 

photoperiods is not evident.. However, at temperatures below 

9°C, there are indications that increasingly long photoperiods 

are important in the induction of diapause (Expt. 1- Conclusion 

3). The significance of increasingly long photoperiods is also 

apparent in the later instars when the sensitivity and response 

to temperature are progressively decreased. At temperature 

range of 12.5 - 15°C and under long photoperiods of about 17 

hours per day diapau'se was induced in all the nymphs during the 

4th and 5th instars whereas under decreasing photoperiods some 

nymphs failed to be induced for diapause (Expt. 2- Conclusion 1). 

It is not possible, from the present investigations, to 

determine whether the'influence of photoperiods in the induction 

of diapause is due to photoperiods above a critical length or to 

the increasing daylength of to both. At temperatures of 1- 

7.5°C and under constant photoperiod of 12j hours per day, there 

is a tendency for nymphs to fail to undergo diapause. However.. 

if nymphs that had been previously induced for diapause are 

transferred just before'the period of dormancy from a photo- 

period i* hours per day into a photoperiod of 12 hours per 

day, diapause_could be induced a second time (See Miscellaneous 
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observations). It appears that increase in photoporiods or 

constant photoporiods of above 1a hours per day will induce 

diapause. In any case, however, the early instara of C bi on 

are sensitive to such a wide temperature range that photoporiods 

play a relatively insignificant role in the induction of diapause. 

In nature, the first instar nymphs are found in May and 

June. During this period the factors influencing diapause are 

already in operation and all the nymphs are therefore destined 

for diapaase after the first or second instars. Thgrenter 

diapause at the 4th or 5th instars during June to August and the 

termination of diapause occurs from September to about November. 

The growth of the nymphs is thus restricted to Autumn and Winter 

and emergence occurs from late Winter to Spring. Although 

increasingly long photoperiods will induce diapause in the early 

instars, its effect on the later post-diapause instars results 

in the differentiation of adult characters in apparently still 

immature nymphs (Chapter II, 3c). This species, therefore, 

has a strictly univoltine life-cycle and with a photoperiodically 

controlled flight period. 



(136) 

Q. Diahause in Dtiira bicauäata 

It has been found from the laboratory investigations in 

1962 (Chapter II) 4e), that some adults of D. bicaudatta, lay 

only diapause eggs while others lay both diapause and non- 

diapause eggs. The incubation periods of non-diapause eggs 

vary between 123 to about 3 months, depending on the temper- 

ature. The hatching of diapause eggs occurs about 9 to 11 

months after oviposition, under conditions of temperatures 

and photoperiods which simulate those in It. Terrig. These 

eggs are, however, unable to break diapause at room temperatures. 

Diapause occurs at the stage prior to the revolution of 

the embryo (Figure 6- A) when the eyes and head are facing 

the ventral side of the egg. The termination of diapause 

occurs when the embryo starts to undergo revolution but the 

process of revolution is fairly rapid and'the intermediate 

stage (Figure 6- B) was not often observed. The breaking of 

diapause is therefore indicated by the stage (Figure 6- CO D) 

when the revolution of the embryo is completed and the eyes 

and head are dorsal in'position. 

During the studies in 1962, the nymphs collected fron 

two different localities, Afon Hirnant and Lake Bala, were 

reared together and the exact origins of the adults were 

unfortunately not determined. The aims of the present invest- 

igation are (i) to determine whether the different type of 

eggs may be linked to the source of origin and (ii) to study 

the influence of environmental factors on the termination of 
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diapause. The experimental conditions used are the same as 

those employed for the stagy on diapause in C. bifrons. 

Alma: 

To determine the type of eggs laid by adults from A. 

Hi Hirnant and Lake Bala and to study the hatching of these 

eggs at different temperatures. 

Materials and Methods: 

Fairly mature nymphs collected from Mon. Hirnant and 

Lake Bala during April and May 1963 were reared in 

separate enamel dishes in the cold room, A,. Adults 

emerging from nymphs belonging to the same locality were 

allowed to mate and were kept in Al. ` The eggs laid were 

kept in petri-dishes in A, (normal photoperiods and temper- 

atures) and A2 (normal;. photoperiods; average temperature 

20.5°Cp range 15 - 26°C). The development and hatching 

of the eggs were observed. A total of 22 egg batches 

laid between 13.5.63 and 11.6.63 by 10 females from Afon 

Hirnant and 15 egg batches laid between 21.5.63 and 5.6.63 

by 5 females from Lake Bala were studied. 

Results: 

All the eggs from Afon Hirnart were of the diapause type. 

The adults from Lake Bala laid both diapause and non-diapause 

eggs (Table 12) änd the percentage of diapause eggs varied 

between 2 and 33.5%. 

There was no correlation between the date of oviposition 

----, 
ýI 
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and the type of eggs, as can be seen in Table 13 showing 

the hatching of the eggs kept under the same conditions 

in Al and laid on the same dates by adults from Afon 

Hirnant and Lake Bala. 

Under normal stream temperatures in A, $ the eggs from Lake 

Bala showed 2 distinct hatching periods - one in summer 

and another in Spriiag. The eggs from Afon Hirnant showed 

only a hatching period in Spring. There was a tendency 

for eggs from Afon Hirnant to hatch slightly earlier than 

the diapause eggs from Lake Bala (Table 13). This was 

associated with earlier breaking of diapause (during 

February) among afon Hirnant eggs than among the eggs of 

Lake Bala in which the breaking of diapause occurred during 

March. 

The non-diapause eggs from Lake Bala hatched after a 

shorter incubation at the warmer temperatures in A2 than 

at the normal stream temperatures in Al. The diapause 

eggs, however, did not hatch in A2 and were unable to 

break diapause (Table 14). 

Besides the occurrence of diapause in the eggs from Afon 

Hirnant there was also a generally slower rate of develop- 

ment than the non-diapause eggs from Lake Balal Under 

normal conditions in A, the eggs from A. Hirnant reached 

the stage of diapause in late September whereas the non- 

diapause eggs from L. Bala began to hatch in August. v 

L 
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Adult 
Date of 

oviposition 
Size of 

egg-batch Conditions 
Non-diapause- 

(%) 
Diapause 

(%) 

1 28.5.63 296 A, 97 3 

30.5.63 247 Al 98 2 

21.5.63 246 A1 97 3 

24.5.63 152 Al 98 2 
2 

28.5.63 105 A1 91.5 8.5 

30.5.63 45 A1 84.7 15.3 

24.5.63 292 A, 97 " 3 

28.5.63 259 A2 96.6 3.4 

3 30.5.63 167 A2 67.6 32.4 

3.6.63 133 Al # 94.7 5.3 

5.6.63 87 A1 # 66.7 33.5 

31.5.63 176 A, # 87.5 12.5 

4: ̀ 3.6.63 130 A, ~ '66.6 33.4 

4.6.63 148 A2 
- 

92.5 7.5 

5 30.6.63 213 
71 

Al 72.8 27.2 

# includes a high proportion of degenerate eggs. 

Al and A2 indicate environmental conditions in which the eggs 

were kept. 

Table 12 - Experiment, 1 Percentage of diapause and 

non-diapause eggs laid by adults from Lake Bala. 
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Origin 
Date of 

Condn oviposition Non-diapause Diapause 

L. Bala Al 28.5.63 97% (12.8.63-4.10.63) 

3.6.63 66.6% (16.8.63-30.9.63) 

3% (3.4.64x-16.4.64) 

33.4%(27.3.64-7.5.64) 

3.6.63 72.8% (16.8.63-10.9.63) 27.2%(11.4.6/-15.5.64) 

28.5.63 - 100% (26.2.64-27.3.64) 

A. Hirnant Al 3.6.63 - 100% (26.2.64-3.4.64) 

3.6.63 - 100% (2.3.64-27.3.64) 

The dates within brackets indicate the period of hatching. 

Table 13 - Experiment 1- Hatching of eggs from L. Bala and 

A. Hirnant under the same environmental` conditions 

in Al. 

Date of 
Origin Condn. ovipositio Non-diapaare Diapause 

Al 22.5.63 91.5% (12.8.63-30.9.63', 
, 

8.5% (27.3.64-24.4.64) 
L. Bala 

A2 22.5.63 "96.6% (11-7-63-19.7.63) 3.4% (None hatched) 

Al 28.5.63 - 100% (26.2.64.27.3.64) 
L. Hirnart 

A2 28.5.63 - 100% (None hatched) 

....... +--. --p. IUO UabU Wi. uJ. u Ul"iitinvua i++w+vava va+v t-"-v. + -- 

Table 14 - Experiment 1- Hatching of eggs from L. Bala and 

A. Hirnant under different conditions of temperature 

in Al and A2. 

0 
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Conclusions: 

1. The type of eggs that are laid is. linked with the origin, 

of the adults. Adults from. Afon Hirnant lay only diapause 

eggs while those from Lake-Bala lay both diapause<and non- 

diapause eggs, with a higher percentage of the latter. 

2. At temperatures of 15 - 26°C in A2, the non-diapause eggs 

are able to develop and hatch successfully after about . 
123 months while the diapause eggs are unable to develop 

beyond the stage prior to the revolution of the embryo. 

3. In the normal temperatures in Al, ' the stage of diapause 

is reached in September, about 4 months after oviposition. 

The termination of diapause occurs in February and March. 

4. The incubation period of diapause eggs from Lake Bala is 

slightly longer than that from Afon Hirnant, due to a 

later termination of, diapause. in. the former. 

ent F erim2 

Aims: 

To determine the type of eggs laid after crossing adults 

from Afon iiirnant with those from Lake Bala. 

Materials and Methods: 

One female from Lake Bala was allowed to mate with a male 

from Afon Hirnant and vice versa. The eggs laid were 

kept in Al and the development and hatching of the eggs 

were studied. 

Results: 

The results of the crosses are shown in Table 15. The 
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Condn. Origin 
Date of 

oviposition 
Undeveloped 
& degenerate 

Non- 
diapause Diapause 

L. Bala ? 
, '13.6.63 74.2%. - 25.8% (23.3.64-24.4.64) 

Ä. Hirnant e 17.6.63 96.1 % 3.9% (27.3.64-16.4.64) 

Al 20.6.63 77.5% - 22.5% (20.3.64-16.4.64) 

A. Hirnant 9 17.6.63 - 100% (23.3.64-11.4.64) 
x 

L. Bala e' 2o. 6.63, 100% (20.3.64-11.4.64) 

The dates within brackets indicate the period of hatching. 

Table 15 - Experiment 2- Hatching of eggs obtained by 

crossing adults from L. Bala: and A. Hirnart. 

percentage of diapause eggs that are' laid is associated 

with source of origin of the female. Thus the result of 

the cross between an A. Hirnant female and a Lake Bala male 

showed the usual 100% diapause eggs that is characteristic 

of A. Hirnant. The cross between a Lake Bala female and 

an A. Hirnant male resulted in the normal percentage of 

diapause eggs that is usual of the Lake Bala type., However, 

the remaining eggs, instead of being non-diapause, were 

undeveloped and they degenerated fairly soon after oviposition. 

The period of hatching of the eggs from these taro crosses is 

intermediate between that of the diapause eggs from Lake 

Bala and Afon Hirnant. 

Conclusions: 
. 

As only simple crosses were made and also only of each, the 

conclusions that are drawn must be regarded-as provisional. 
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1. The character for diapause or non-diapause probably is 

genetically controlled. 

2. The type of eggs that are laid is determined by the females. 

However, the manifestation of a particular character is 

dependent upon the presence of that factor in the male 

parent. This conclusion is based on the assumption that 

the undeveloped and degenerate eggs were determined for 

non-diapause and that the non-diapause factor is absent 

from the Afon Hirnant population. 

3. Only eggs determined for diapause are able to survive from 

the crosses between the adults for L. Bala and A. Hirnart. 

Ex r end 

" Aims: 

To study the influence of different environmental factors on 

the development and hatching of the eggs fron Afon Hirnant. 

Materials and Methods: 

A batch of 355 eggs laid on 13.5.63 by an Afon Hirnant 

female that had mated with a male from the same locality 

was divided into 6 groups which were kept under the following 

conditions: 

Al - normal photoperiods and temperatures, 

A2 - normal photoperiods; average temperature 20.500, 

B1 - photoperiods about 4ý months ahead of normal regime; 

temperature varied from that of A, to about 20C higher.. 

B2 - photoperiod as in. Bj; average temperature 20.5°C, 
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C1 - constant photoperiod of 12i'hours/day; temperatures 

varied daily from 1-7.5oCp 

D1 - complete darkness, temperature as in Al. 

Results: 

Figure 53ashows the period of diapause and the hatching of 

the eggs kept under the various conditions. 

Except in Cl, the stage of diapause was reached in late 

September. In Cl the rate of development was rather 

slow because of the lower temperatures and the stage of 

diapause was not reached until late December. 

The breaking of diapause in Al, B1, and D, occurred in 

mid-February; in C, it occurred in mid-March. The eggs 

in A2 and B2 were unable to break diapause. 

The period of diapause was longer in Al, Bi and D1 than in 
be 

Cl and this seemed to/correlated with the fact that the 

temperatures in Al, B1 and D1 did not fall to a fairly low 

level (below 6.5°C) until the beginning of December. 

The post-diapause development is quite short, about 
2/3 

months. 

Conclusions: 

1. The termination of diapause and the hatching of the eggs 

are independent of. photoperiods, 

2. The termination of diapause is associated with low temper- 

atures. 

3. At temperatures of about 20.5°C the eggs are able. to develop 

only till the stage of diapause. 
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, m9at 4 

This consists of a series of minor experiments involving 

several egg-batches laid by adults from Afon Hirnart at 

various periods. 

Aims: 

To study the effect of chilling of the eggs at various 

stages of development. 

Methods and Results: 

Fieure 51h 

Eggs were kept in A2 and about a month after the stage of 

diapause was reached, some eggs were transferred to C1 while 

the rest were left in A2. 

The termination of diapause occurred after 3-1 months in C1. 

None of the eggs in A2 terminated diapause. 

Fire 53 c 

Some eggs, kept in A2, were transferred to C, about 3113 

months after the stage of diapause was reached. 

None of the eggs terminated diapause. 

Fiffure 53 d 

Eggs were kept in A, for about 2 months after which they 

were chilled in C, for 2 months till the stage of diapause 

was reached. The eggs were then transferred in October to 

Al., A2, B1 and B2 while some were kept in Cl. 

None of the eggs in A2 or B2 terminated diapause. 

The termination of diapause in Al and BT is associated to 

the low temperatures innWinter. 
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Figg 

A batch of eggs laid in mid-May was kept in A,. One group 

was transferred to C, in September as soon as the diapause 

stage was reached while another was transferred a month later. 

The rest of the eggs remained in A,. 

The length of diapause of eggs transferred to C, in September 

and October was about 2+ months and 3j months respectively 

while eggs remaining in Al showed a diapause period of about 

/+j. months. This indicates that little or no diapause 

development occurred in Al from September to early November. 

Figure 53 f 

Eggs laid in June were kept in A,. Soon after the termin- 

ation of diapause in February a batch of eggs was transferred 

to A24 

In A2 the hatching of the eggs occurred successfully and 

the length of post-diapause developmant was shorter than in 

A,. A few eggs that had not yet terminated diapause when 

they were transferred to A2 on February did.. not hatch at all. 

Conclusions: 

1. Eggs are unable to survive in diapause for long. periods at 

average temperatures of 20.5°C. They are still viable 

after a month but they-, are killed off after about 31/3 

months. 

2. The length of diapause under notmal conditions in A, is 

about 4 to 4 -months. " 

3. At temperatures- which vary daily from 1-7.5°C, diapause 
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developnt, nt is completed after about 2-4 months. 

In nature , diapaase development propably occurs only during 

the winter. 

4. Chilling of the eggs is effective only after the stage of 

diapause has been reached. 

5. Successful hatching of eggs can occur at temperatures of 

about 20.5°C only after the termination of diapnuse. 

6. Post-diapause development is rapid at temperatures of 

about 20.5°C. 

Discussion: 

The adults of D. bi_caudata from A. Hirnant lay only diapause 

eggs while those from L. Bala, lay both diapause and non-diapause 

eggs, with a high percentage of the non-diapause type. The 

character of the eggs is genetically controlled. The type of 

eggs that are laid seems to be determined by the females but 

the manifestation of a particular character is dependent upon 

the presence of that character in the male parent. In the A. 

Hirnant population the character for non-diapause, does not appear 

to be present and when a Lake Bala female is crossed with an 

A Hirnant male only the normal percentage of diapause eggs 

characteristic of the L. Bala population, are viable, and none 

of non-diapause eggs are able to survive. There is, therefore, 

a sufficient degree of incompatibility between the two populations, 

as far as the none-diapause character is concerned, for them to 

be regarded as belonging to two sub-species. 

The non-diapausd eggs develop, and hatch fairly rapidly 
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at warm temperatures while the diapause eggs show a slower rate 

of development and ate unable to break diapause under such 

conditions. The termination of diapause is dependent upon a 
fairly long period of chilling. The length of diapause develop- 

went is about 21- months at temperatures which vary daily from 

1 to 7.5°C. The chilling of the eggs prior to the stage of 

diapause does not effect the later diapause development. 

D. bicat data has an essentially northern distribution in 

Eurasia and North;, America, and its occurrence in the mountainous 

areas of central Europe and in Britain has been regarded by 

Brinck (1949) as indicatin* that it is a glacial relict. It 

is possible that the eggs laid by this species in the northern 

latitudes are all of the, diapause type. The flight period in 

Britain is from April to June (Hynes 1958) and in northern 

Sweden it is from June to August (Brinck 1949). The diapause 

character seems to be an adaptation to a very cold climate where 

the short Summer and relatively low temperatures do not allow a 

a rapid rate of embryonic development to result in an early 

hatching of the eggs before the winter sets in. The occurrence 

of diapause would thus enable the eggs to survive the period of 

extreme cold and to allow the nymphs to hatch during the season 

when there would probably be more food available. The population 

in Afron Hirnant could be regarded as a true glacial relict in 

which the pattern of development of the eggs has remained un- 

changed. Although the environmental conditions in-A. Hirnant 
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are not particularly severe during the winter, the temperatures 

are generally low throughout the year (Hynes 1961) and as such 

would be of no great selective value for any change that might 

occur. In Lake Bala, however, the conditions are quite 

different. The water temperatures at the surface (hence also 

near the shore whezthe species occurs) do reach a fairly high 

level during the Summer (Dunn 1961) and the favourable temper- 

atures for growth would be of great selective value in the 

evolution of a non-diapause character in the eggs. Lake Bala 

lies in a glacial valley and it is possible that the present 

population may have been derived from the original relicts that 

were left behind when the ice retreated. The present pre- 

dominance of non-diapause over diapause eggs may be an example 

of natural selection in action which in course of time could 

probably eliminate the diapause character from this population 

and thus result in a distinct species. Although several streams 

like the A. Hirnant flow into Lake Bala there is, however, a 

certain amount of ecological isolation between the populations 

in these two areas. In It. Hirnant, the species occurs essentially 

near the source at an altitude of about 440 metres and lower 

downstream it is replaced by Perlodesro era (Kyhes 1961). 

The absence of D. bicý in running waters at lower altitudes 

is believed to be due to the inability of the species to compete 

with D, microce2hala (Hynes 1952). That there has been little 

or no intermixing between the two populations is seen in the 

predominance of non-diapause eggs in the L. Bala population 
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since. --the crosses between adults of both populations would 

result only in the survival of dispause eggs. The present 

discussion on D. bicaudata is very similar to the study by 

Nielsen (1950) on the problem of speciation in the caddis fly, 

A2, tidea mulie ris, which is also believed to be a glacial 

relict. This species shows a life-cycle adapted to an arctic 

climate but which seems to be inappropriate to the springs where 

they occur. In other springs this species has given rise to 

two mutant forms, A. gimbricQ and A. intermedia, which have 

a life-cycle clearly adapted to their present environment. 

However, unlike in the Apattidea spp. which are parthenogenetic, 

the populations of D. bicaudata in A. Hirnant and L. Bala have 

yet to evolve into two separate species. 



(151) 

5. DiAx Ilse 
. 
Ln B, rachvn 2 ri Si 

This is a univoltine species with a flight period from 

April to June in River Terrig. The eggs are laid in May 

and June but no hatching occurs until October. The eggs under- 

go diapause a few days after oviposition and they remain in 

diapause for several months. Diapause occurs, probably, at 

the germ disc stage and its termination is indicated by the 

invagination of the germ disc to form an early embryo (Chapter 

II, 4d and figure 3). 

It was found from the laboratory studies in 1962 (Chapter 

II, 4e) that the eggs laid by an adult (collected from Horseshoe 

Pass in N. Wales) kept at room temperature showed a shorter I 
period of diapause than the eggs laid by adults (collected from 

River Terrig) kept in the cold room. 

It had been the intention here to study the influence of 

environmental conditions experienced by the adults on the length 

of diapause in the eggs but unfortunately none of the adults 

which emerged in the laboratory succeeded in laying eggs. 

The following experiment is based on eggs laid by an adult 

collected from River Terrig. 

Ecmriment 

Aims: 

To study the influence of different environmental conditions 

on the hatching of the eggs. 

Materials and Methods: 

An adult collected from River Terrig was kept in the cold -ý' 
, 
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room, A,. Eggs laid on 7.5.63 were divided into 6 batches 

and were kept under the various conditions: - 
A, - normal photoperiods and temperatures, 

A2 - normal, photop©riods; average temperature 20.50C, 

B1 - photoporiods about 4+- months ahead of normal regime; 

temperatures varied from Al to about 200 higher, 

B2 - paotoperiod as in B1; average temperature 20.5°C, 

Cl - constant photoperiod of 12 hours/day; temperatures 

varied daily from 1-7.5°C, 

D1 - complete darkness, temperatures as in Al. 

Results: 

The results are given in Table 16. 

Condition Period of diapause Date of first hatching 

Al 15.5.63 - 22.8.63 (99) 28.10.63 
A2 11.5.63 - 22.8.63 (103) # 

B1 15.5.63 - 22.8.63 (99) 20.10.63 

B2 11.5.63 - 1.9.63 (103) * 

Cl 18.5.63 - 1.9.63 (106) 4.12.63 

D1 15.5.63 - 22.8.63 (99) 28.10.63 

*- Embryos fully-developed on 4.10.63 but died without 

hatching. 

Figures within brackets indicate length of diapaase in days. 

Table 16 - Eggs of B, laid on 7.5.63. 

The termination of diapause occurred in all the experimental 

conditions and there wes no significant difference in the 
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length of diapause. The post-diapause development was 

completed much earlier'in A2 and B2 but the embryos were 

uhable to hatch and they died soon afterwards. 

Conclusions: 

1. The breaking of diapause is not dependent upon any fall 

of temperature and isimdependent of photoperiods. It has, 

however, been found (Chapter II, 4o) that the length of 

diapause can be prolonged by subjecting the eggs during 

diapause to low;. temperatures of about 3- 5CC. 

2. The post-diapause development is faster at the higher 

temperatures in A2 and B2 than at the lower temperatures 

in A,. B1, C, and D1. The embryos are however unable 

to hatch in A2 and B2. 

3. The onset of diapause is not determined by immediate 

environmental. conditions experienced by the eggs. 

Discussion: 

B. rial is a cold-water stenotherm in which growth occurs 

from Autumn to early Spring when emergence occurs. The 

occurrence of diapause thus allows the species to remain in 

the egg-stage during the unfavourable period of the year. 

The onset or termination of diapause does not depend upon any 

environmental stimulus and it can occur even at a high average 

temperature of 20.5°C. The length of diapause seems to be 

influenced by the maternal physiology (Chapter III 4) and 

this may be determined by the environmental conditions 
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experienced by the adults. In contrast to most other examples 

where chilling is often beneficial or essential for diapause 

development, the effect of low temperatures on the eggs of 

B. risi results in a prolongation of the diapause period. 

The unusual effect of chilling seems to be associated with the 

fact that diapause in this species is an adaptation to, survive 

unfavourable summer temperatures rather than severe winter 

conditions as in the case in D. biciuUta. This effect of 

chilling may be of some significance in the northern latitudes 

whore some of the eggs may not have sufficient time for the 

completion of diapause development before the winter sets in. 

Under these circumstances the winter temperatures would enable 

the eggs to remain in diapause until the following year and the 

species may this have a two-year life-cycle under some conditions. 

4 
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(i) 

Lu-tlca N. v cteti I C. torrentium 
Instar Room temp. - I Cold room 

no. Male Female Female Male 

1 5.5 5.5 9.0 5.8 

2 8.0 7.5 12.2 8.0 

3 10.8 9.7 15.0 10.0 

4 12.8 11.5 19.0 11.2 

5 14.9 14.0 7 12.3 

6 17.2 16.8 30,0 15.0 

7 20.1 19.5 : 38.0 18.0 

ä 23.5 23.0 43.5 23.5 

9 26.5 26.3 56.0 27.0 

10 30.5 30.2 62.0 35.5 

11 32.5 34.5 ? 47.0 

12 40.5 1,2.0 62.0 

13 51.5 51.0 91.0 

14 58.0 61.0 103.0 

15 67.0 70.0 116.0 

16 $2.0 $7.0 128.0 

Remarks Emerged Emerged Emerged Final instar 
31. $. 62 14.9.62 19"$. 63 Died 

6.6.63. 

Tibial length in units (1 unit - 17.4, w) 



(ii) 
Instar Room temp. Co1droom 

no. 'Sea (? ) Male Female 

1 6.3 6.3 6.3 -6.3 6.3 6.3 

2 8.2 9.0 9.0 9.0 9.0 9.0 

3 10.5 11.2 11.0 11.0 11.2 11.0 

4 12.0 14.0 14.0 14.0 14.3 14.3 

5 15.0 17.0 17.5 17.3 17.0 17.2 

6. 17.5 19.0 19.2 20.5 20.4 20.5 

7 21.5 21.0 22.5 23.5 ? 24.0 

8 26.0 31.0 29.0 30.0 7 31.2 

9 33.0 41.5 38.0 38.5 36.5 38.0 

10 41.0 ? 51.0 47.5 47.0 48.2 

11 50.5 65.0 65.0 59.0 ? 61.5 

12 61.0 80.2 80.0 81.5 75.0 79.5 

13 70.0 ? 

14 83.0 1 

Remarks Final inotar(? ) Emerged Emerged Emerged Emerged Emerged 
died on 

11.5.63 19.9.63 30.9.63 11.9.63 15.10.63 1,15.10.63 

Tibial length in units (1 unit - 17.4 p) 



(iii) 

Inatar Room temp. 0o1droom 

no. Sex (? ) Ma1e Female 

1 5.5 5.5 5.5 5.5 5.5 

2 8.5 8.5 ? 8.5 8.5 

3 10.5 11.5 ? 11.3 11.0 

4 12.0 15.0 13.0 14.6 14.0 

5 13.2 18.5 16.0 17.5 17.5 

6 15.5 21.0 18.5 21.6 20.1 

7 17.5 23.3 19.6 23.2 22.3 

8 19.2 26.5 23.2 24.0 26.0 

9 21.0 30.0 29.5 28.0 31.0 

10 23.0 38.2 35.0 32.0 39.0 

11 25.5 46.5 42.5 38.0 47.0 

12 28.5 ? 55.0 47.4 57.0 

13 30.0 71.0 66.0 59.0 71.0 

. 
14 32.0 71 4 

Remarks Immature Emerged Emerged Emerged Emerged 
Died on 

18.3.63. 24.8.63 10.9.63 19.8.63 1.9.63" 

Tibial length in units (1 unit - 17.4, a) 



I 

(iv) 

Leactr_ hipMvxg 

Instar Room temp. Coldroom 

no. Sex (7) Female Sex (? ) 

1 5.5 5.5 5.5 5.5 

2 7.5 ? ? ? 

3 10.0 9.8 ? 11.0 

4 12.5 ? ? ? 

5 16.5 17.5 ? 18.5 

6 19.0 ? ? 23.0 

7 21.0 7 23.5 27.0 

8 25.0 32 ? 32.0 

9 29.0 37 35.2 ? 

10 33.0 42.5 40.7 44.0 

11 37.0 56.0 53.5 54.0 

12 40.0 72.0 7 63 

13 44.5 

14 49.5 

15 57.0 

16 : 59; 5 

Remarks Penultimate Emerged Emerged Final instar 
instar (? ) 
Died on 31.5.63 21.5.63 Died on 
17.2.63 " 2.4.63. 

Tibial length in units (1 unit - 17.1+/c) 



(v) 
Leuctara inermis 

f 

Instar Room temp-: Cold 'r oom 

no. sex (? ) Male Fama1e 

1 5.5 5.5 5.5 "5.5 5.5 5.5 

2 6.8 7.0 7.2 7.2 7.0 7.0 

3 8.3 8.5 7 9.5 8.5 8.5 

4 10.8 10.0 ? 11.5 10.8 10.0 

5 13.0 12.5 12.5 13.0 12.5 ? 

6 14.3 14.7 15.2 15.5 14.0 15.5 

7 17.0 18.5 16.5 ? 16.0 15.0 

8 19: 0 23.0 ? 21.5 17.2 16.5 

9 20.8 27.5 22.0 26.0 20.5 19.0 

10 22.0 32.5 ? 29.2 ? 23.5 

11 22.5 7 ? 37.0 ? 28.8 

12 22.8 51.5 35.5 44.0 36.5 35.0 

13 23.3 62.0 42.0 49.5 42.0 42.0 

14 23.6 54.5 63.5 52.0 53.0 

15 23.6 67.0 68.0 

Remarks Immature Emerged Emerged Emerged Emerged Emerged 
Died on 

11.2.63. 13.6.63 25.6.63 20.6.63 20.6.63 4.7.63. 

Tibial length in units (1 unit - 17.4, ) 



(vi) 
Cavniä btf'roiis 

Instar ICo1droom 

no. Ma1e Female 

1 6.0 6.0 6.0 6.0 6.0 

2 7.2 7.2 7.2 7.2 7.2 

3 8.0 8.0 7.8 8.0 8.0 

4 9.0 D 8.5 D 8.0 D 8.5 9.0 

5 D 9.5 10.0 9.0 10.8 D 9.5 

6 10.5 ? 11.5 12.5 10.5 

7 12.0 16.0 15.0 15.5 14-0 

8 15.0 20.0 17.5 18.8 18.5 

9 16.5 23.5 23.0 21.0 23.5 
10 18.0 27.0 26.0 24.5 29.5 

11 21.0 32.0 32.0 28.0 36,5 

12 31.5 40.0 38.0 33.0 43.0 

13 41.0 47.0 49.0 35.0 51.6 

14 49.0 ? ? 44.0 64.0 

15 ? 55.0 74.0 

16 1 ? 
Remarks Final inst4r Final instar Emerged Final instar Emerged 

Died 16.5.63 Died 6.6.63.17.5.63 Died 4.7.63.30.4.63 

D- stage of Diapause 

Tibial length in units (1 unit - 17.4, A) 



T, 

(vii) 

NMMKa avicularis 

Inatar Room temp. Coldroom 

no. sex (? ) Male Female 

1 7.8 7.8 7.8 7.8 7.8 

2 10.0 ? 7 ? ? 

3 12.0 ? ? ? ? 

4 19.0 ? 21.5 21.5 ? 

5 ? ? 27.0 ? ? 

6 31.0 32.0 ? ? ? 

7 41.0 ? 44.0 
.? 

44.0 

8 50.5 ? 53.5 .? 
54.5 

9 61.0 ? 68.0 67.0 ? 

10 76.0 77.0 77.5 76.0 80.5 

11 88.0 ? ? 94.0 99.5 

12 98.0 ? ? 120.0 ? 

13 110.0 119.0 ? 149.0 135.0 

14 123.0 

Remarks Immature 
Died on 

Emerged Emerged Emerged Emerged 

22.3.63 31.5.63 31.5.63 28.4.63 13.6.63 

Tibial length in units (1 unit - 17.4, t-) 


