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I n t r o d u c t i o n 

3 

The Si m u l i i d a e have a world-wide d i s t r i b u t i o n , 

being of great economic importance i n many c o u n t r i e s where 

c e r t a i n s p e c i e s are s e r i o u s p e s t s of l i v e s t o c k and man due 

to t h e i r b i t i n g h a b i t s and t h e i r r o l e as v e c t o r s f o r s e v e r a l 

p a r a s i t e s . The death of farm l i v e s t o c k on a l a r g e s c a l e has 

occurred from time to time f o l l o w i n g the mass emergence of 

b l a c k - f l i e s from l a r g e r i v e r breeding s i t e s , notably i n 

Saskatchewan (Rempel & Arnason, 19^7). 
I n Great B r i t a i n few of the indigenous s p e c i e s are 

present i n l a r g e enough numbers to become s e r i o u s p e s t s 

although they are known to b i t e a v a r i e t y of b i r d s and mammals 

i n c l u d i n g man (Davies et a l , 1962). Simulium ornatum Meig. 

i s known to transmit the f i l a r o i d nematode, Onchocerca gutturosa 

to c a t t l e i n the B r i t i s h I s l e s (Steward, 1937) and i t i s probable 

t h a t b l a c k - f l i e s a c t as v e c t o r s i n the t r a n s m i s s i o n of v a r i o u s 

Leucocytozoon spp. (Protozoa, Sporozoa) which are known to occur 

i n b i r d s i n B r i t a i n (Baker, 1958). 
The immature stages of b l a c k - f l i e s are e n t i r e l y 

a q u a t i c and are common and often abundant i n most r e l a t i v e l y 

permanent water courses throughout the B r i t i s h I s l e s , provided 

they are not g r o s s l y p o l l u t e d . Both the l a r v a e and pupae have 

e s s e n t i a l l y sedentary h a b i t s and show an e x c l u s i v e preference 

f o r moving water i n t h e i r s e l e c t i o n of attachment s i t e s . The 



reason f o r the s e l e c t i o n of such s i t e s by the l a r v a e has 

been the su b j e c t of much s p e c u l a t i o n ; some a u t h o r i t i e s 

c l a i m that i n t h i s p o s i t i o n they can best f u l f i l t h e i r 

oxygen requirements (Smart, 193^; Rubzov, 19^0), while 
others suggest that the advantage l i e s i n i t s s u i t a b i l i t y 

as a feeding s i t e (Wu, 1931» Zahar, 1951 ) f. S e v e r a l workers 

have noted that d i f f e r e n t assemblages of s p e c i e s are a s s o c i a t e d 

with water courses of d i f f e r e n t v e l o c i t i e s and volumes of flow 

(Zahar, 1951; Maitland & Penny, 1967) , and P h i l l i p s o n (1957) 
i n h i s study of the e f f e c t of current speed on the d i s t r i b u t i o n 

of two s p e c i e s of b l a c k - f l y l a r v a e suggests that v e l o c i t y alone 

could e x p l a i n the l a r v a l d i s t r i b u t i o n w i t h i n a water course. 

Edington (1968), however, i n h i s study of the i n f l u e n c e of 

water v e l o c i t y on the h a b i t a t p r e f e r e n c e s of ne t - s p i n n i n g 

Caddis l a r v a e , showed tha t although d i f f e r e n t s p e c i e s had 

d e f i n i t e water v e l o c i t y p r e f e r e n c e s , these v e l o c i t y p r e f e r e n c e s 

could not be r e l a t e d to the s e q u e n t i a l replacement of the 

d i f f e r e n t s p e c i e s along the length of the water course. 

( T h i s must be at l e a s t i n p a r t dependent on some other 

environmental f a c t o r , most probably water temperature, while 

the s e l e c t i o n of attachment s i t e s w i t h i n t h e i r range i s 

dependent on water v e l o c i t y . 

The e f f e c t of water temperature on the development 

of both b l a c k - f l y l a r v a e and pupae has been recorded on s e v e r a l 

occasions, both i n the l a b o r a t o r y and under normal environmental 
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c o n d i t i o n s . The minimum water temperatures seldom prove 

l e t h a l and i t i s u n l i k e l y t h a t l a r v a l development ever ceases 

i n c e r t a i n s p e c i e s , even at stream temperatures approaching 

0°C (Davies, 196l). Moulting of b l a c k - f l y l a r v a e has been 
o o 

seen to occur between 1 C - 3 C i n both the l a b o r a t o r y and 

the stream (Zahar, 1931) although general development was 

retarded at these temperatures. R i s i n g temperatures have 

a l s o been shown to a c c e l e r a t e the development of the l a r v a e 

and pupae which consequently w i l l determine the dates on 

which pupation and emergence of the ad u l t f l i e s w i l l occur 

(Zahar, 1951). Temperature not only appears to be a major 

f a c t o r i n determining the r a t e s a t which l a r v a l and pupal 

development proceed, but a l s o determines the extent of the 

development. I t has been noted (Smart, 193̂ +; Zahar, 1951) 
that pupae r e s u l t i n g from the overwintering l a r v a e , developing 

more slowly i n . g e n e r a l l y lower water temperatures, achieve a 

g r e a t e r s i z e than those r e s u l t i n g from the more q u i c k l y 

developing Summer generation l a r v a e . T h i s d i f f e r e n c e i n the 

s i z e s of the pupae i s r e f l e c t e d i n the s i z e s of the a d u l t f l i e s 

(Edwards et a l , 1939; Davies, 1957) which may i n turn have some 

e f f e c t on the reproductive c a p a c i t y of the adult f l i e s ' . 

The stream temperature seldom becomes high enough 

to k i l l q u i c k l y and there are no records of high stream 

temperatures causing m o r t a l i t y of b l a c k - f l y l a r v a e . The major 

f a c t o r s r e s p o n s i b l e f o r decimating the l a r v a l populations seem? 



to be spates and to a l e s s e r extent predation by f i s h and 

other water c r e a t u r e s (Maitland & Penny, 1967)'. 

Temperature the r e f o r e a c t s mainly through i t s 

e f f e c t on the r a t e and extent of growth and i t s consequent 

e f f e c t on the time of emergence of the ad u l t f l i e s and to some 

extent on the time of o v i p o s i t i o n . I t must ther e f o r e be a 

major f a c t o r i n determining whether or not a p a r t i c u l a r s p e c i e s 

of b l a c k - f l y can complete i t s l i f e - c y c l e or c y c l e s a t a time 

s u i t a b l e f o r the emergence of the adult f l i e s ' and for t h e i r 

subsequent o v i p o s i t i o n . I t must be noted tha t s i n c e i n 

general the temperatures are s u i t a b l e f o r development of the 

l a r v a e , i t i s not the l e v e l of temperature achieved, but the 

thermal sum to which the l a r v a e are exposed which i s important 

i n determining the time of completion of l a r v a l development. 

The thermal sum d e c l i n e s with i n c r e a s e i n a l t i t u d e so the 

thermal sum a t d i f f e r e n t a l t i t u d e s i n a water course w i l l be 

s u i t a b l e f or the completion of the l a r v a l development of 

d i f f e r e n t b l a c k - f l y s p e c i e s . T h i s could provide a b a s i s f o r 

the s e q u e n t i a l replacement of b l a c k - f l y l a r v a e a t d i f f e r e n t 

a l t i t u d e s i n a water course. 

I t must be pointed out here that i t i s not the 

a l t i t u d e per se but the p h y s i c a l c h a r a c t e r i s t i c s of the 

environment-which are dependent on the a l t i t u d e above sea l e v e l , 

such as temperature or the d i s s o l v e d oxygen concentration of 

the water. These p h y s i c a l c h a r a c t e r i s t i c s , although c l o s e l y 



r e l a t e d to the a l t i t u d e per se, w i l l be s u b j e c t to l o c a l 

v a r i a t i o n such as the e f f e c t of the aspect of the stream-

on the water temperature 1. The a l t i t u d e a t which the thermal 

sum i s optimal f o r r.the l a r v a e of one b l a c k - f l y s p e c i e s w i l l 

vary from year to year with the y e a r l y changes i n water 

temperature, but a general a l t i t u d i n a l range w i t h i n which 

development could be s a t i s f a c t o r i l y completed could be 

e s t a b l i s h e d over a period of y e a r s . I n s p e c i e s which have 

more than one generation per year t h i s range would be extended, 

fewer generations o c c u r r i n g at the higher a l t i t u d e s (Zahar, 1951)' 
The previous s t u d i e s concerning the development of 

b i a c k - f l y . l a r v a e and i t s r e l a t i o n s h i p to temperature have been 

based on general observations of temperature oa* the temperature 

l e v e l s during the period of study. The present study c o n s i d e r s , 

on a systematic b a s i s , the r e l a t i o n s h i p between the development 

and a l t i t u d i n a l d i s t r i b u t i o n of Prosimulium h i r t i p e s F r i e s , 

l a r v a e and the thermal sums to which the l a r v a e are exposed 

during t h e i r developmental p e r i o d . I t w i l l be shown that 

development of these l a r v a e i s very c l o s e l y r e l a t e d to the 

thermal sum and tha t the completion of development occurs a t 

a l a t e r date a t the higher a l t i t u d e s . The a l t i t u d i n a l 

d i s t r i b u t i o n of P . h i r t i p e s l a r v a e i n the stream i s compared 

with those of the l a r v a e of other b l a c k - f l y s p e c i e s present 

i n the stream during the-period of study and an attempt.is 

made to give an explanation f o r t h e i r d i f f e r e n t a l t i t u d i n a l 
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d i s t r i b u t i o n s . An attempt has a l s o been made to e x p l a i n 
the absence of P . h i r t i p e s from the stream during the period 
of higher water temperatures during the Summer months, while 
other s p e c i e s of l a r v a e are present a t the same a l t i t u d e s , 
and are able to complete Summer generations. 

The study has, f o r convenience, been divided i n t o 

two s e c t i o n s , S e c t i o n 1 d e a l i n g with the f i e l d s t u d i e s , and 

with the l a r v a l temperature-mortality experiments,and S e c t i o n 2 

d e s c r i b e s l a b o r a t o r y experiments i n v e s t i g a t i n g the r e l a t i o n s h i p 

between a i r temperature and the a c t i v i t y of the adult f l i e s of 

Simulium ornatum Meig. 

This study was c a r r i e d out from Summer 1956 to 

Summer 1957, but Dr. L. Davies, Department of Zoology, 

Durham U n i v e r s i t y , very k i n d l y put at my d i s p o s a l m a t e r i a l s 

and data obtained from the study area during the previous 

y e a r s 195^-56. 



S e c t i o n .1 

Growth of Prosimulium h i r t i p e s F r i e s , l a r v a e i n H i l l ' 

Streams of Northern England 

l.A. .General biology of P . h i r t i p e s and a s s o c i a t e d b l a c k - f l y 

s p e c i e s . 

The s p e c i e s here described i s the North European 

form of P . h i r t i p e s F r i e s , as re- d e f i n e d by .Edwards (1915) 
and P u r i (1925). A c a r e f u l examination of the l a r v a e was 

not c a r r i e d out during the 195^-57 period of study to e s t a b l i s h 

the separation of these l a r v a e from Prosimulium arvernense Grenier 

(Davies, 1966). 
A l l Prosimulium pupae obtained from the study area 

streams during t h i s period possessed 16 r e s p i r a t o r y f i l a m e n t s 
no--

and were t h e r e f o r e those of P . h i r t i p e s while/P.arvernense pupae, 

po s s e s s i n g 2k-27 r e s p i r a t o r y f i l a m e n t s , were obtained. The 

l a r v a e of P.arvernense are a l s o known to occur i n sm a l l r a p i d 

stony streams, smaller than those i n h a b i t e d by P . h i r t i p e s , i n 

the E a s t e r n and Midland regions of England and Wales. The 

i d e n t i t y of a l l the Prosimulium l a r v a e i n Crowdundle and Swindale 

Becks, other than those of Prosimulium i n f l a t u m .Davies, i s th e r e f o r e 

assumed to be Prosimulium h i r t i p e s F r i e s . T h i s was confirmed i n 

1969 when some kO Prosimulium l a r v a e from Swindale Beck were 

c a r e f u l l y examined and a l l proved to be P s h i r t i p e s F r i e s . 
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I n B r i t a i n the l a r v a e of P . h i r t i p e s are widely 

spread throughout the h i l l streams of the S c o t t i s h Highlands 
and i n the Pennines from the Tyne-Solway gap to as f a r south 
as Swaledale. They are a l s o known to occur i n the Lake D i s t r i c t . 
The l a r v a e i n h a b i t the l a r g e r a p i d mountain streams i n c l u d i n g the 
cascading p a r t s of the l a r g e r streams on the v a l l e y bottoms, so 
they occur from low a l t i t u d e s up to about 500m.. The l i f e 
c y c l e s of c l o s e l y r e l a t e d Prosimulium spp. are w e l l known and 
have been described by s e v e r a l workers, i n c l u d i n g O'Kane, Twinn, 
Davies, D.M. and Rubzov. ...Oviposition occurs i n May or June, 
the eggs remaining.on the bed of the stream u n t i l they hatch i n 
the Autumn. The l a r v a e grow semi-continuously during the Winter 
and e a r l y Spring, pupation and emergence o c c u r r i n g i n l a t e A p r i l 
or May. The delay i n the hatching of the eggs may be due tp 
some form of diapause which prevents the l a r v a e of t h i s s p e c i e s 
being present i n the stream during the period of higher Summer 
water temperatures. Since i t s development i s r e s t r i c t e d to 
the c older months and to the r e l a t i v e l y c o l d e r h i l l streams 
i t i s g e n e r a l l y regarded as a co l d water stenotherm. There i s 
some evidence that the females are autogenous for t h e i r f i r s t 
o v a rian c y c l e (Davies, L., unpublished o b s e r v a t i o n s ) , and perhaps 
because of t h i s l i t t l e i s known about the b i t i n g a c t i v i t y of the 
adult female f l i e s . 

Three other b l a c k - f l y s p e c i e s , .Prosimulium i n f l a t u m 

Davies, Simulium monticola F r i e d . , and Simulium variegatum Meig. 
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occur along with P ; h i r t i p e s i n both Swindale and Crowdundle 

Becks. 

I n both Swindale and Crowdundle Becks the l a r v a e of 

P.inflatum c o l l e c t e d during 195^-57 were a l l obtained from 

a l t i t u d e s of 660m or higher, except f o r 1 l a r v a obtained a t 

630m on 22 November 1956. C o l l e c t i o n s from other streams i n 

the North Pennines, Lake D i s t r i c t and S c o t t i s h Highlands 

(Davies, 1957a) a l s o show a s i m i l a r a l t i t u d i n a l range. The 

l a r v a e of P.inflatum are ther e f o r e confined to the headwaters 

of r a p i d mountain streams, a t a l t i t u d e s of 660m or g r e a t e r , 

where the waters are permanently c o l d . The l a r v a l development 

perio d i s much longer than that of P . h i r t i p e s which i s completed 

i n 4-5 months, that of P.inflatum t a k i n g approximately 8 months. 

The s i z e of the P.inflatum l a r v a e c o l l e c t e d i n November 1955 and 

1956 suggest that the l a r v a e appear i n the stream i n e a r l y Autumn 

and r e s u l t from hatching some time i n September or October. 

Pupation does not occur u n t i l the f o l l o w i n g Summer s i n c e pupae 

were c o l l e c t e d from Swindale and Crowdundle Becks on 16 J u l y 1953, 

5 August 195^, 31 J u l y 1955, and i n the Cairngorms from 30 J u l y -

2 August 1955* The development of P.inflatum- l a r v a e i s therefore 

slower than that of P . h i r t i p e s due probably to the lower water 

temperatures. The slower r a t e of development of P.inflatum 

l a r v a e i s a l s o i l l u s t r a t e d by the f a c t that the l a r v a e of both 

P . h i r t i p e s and. P.inflatum c o l l e c t e d i n March were of approximately 

the same dimensions, but the l a r v a e - o f P . h i r t i p e s pupated 1 -
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months l a t e r while those of P.inflatum did not pupate f o r a 
f u r t h e r k months despite the mature l a r v a e of both s p e c i e s 
having s i m i l a r dimensions (Davies, 1966). The emergence of 
the a d u l t f l i e s of P.inflatum occurred from l a t e J u l y to 
August. I t i s th e r e f o r e u n l i k e l y that the eggs of P.inflatum 
undergo any form of diapause or dormancy as do the eggs of 
P . h i r t i p e s , s i n c e the time between the emergence of the a d u l t s 
and hatching can be accounted f o r by 2 - 4 weeks from emergence 
to o v i p o s i t i o n by the female, and one month from o v i p o s i t i o n to 
the hatching of the egg, which i s not an unu s u a l l y long period 
of incubation c o n s i d e r i n g the low water temperatures. Only one 
generation occurs during the year and ther e f o r e l i k e P . h i r t i p e s 
i t i s u n i v o l t i n e . 

The remaining two s p e c i e s , S.monticola and S . v a r i e gatum« 

are a l s o sometimes regarded as cold water stenotherms s i n c e t h e i r 

l a r v a e occur i n the r e l a t i v e l y c o l d waters of r a p i d h i l l streams. 

Both s p e c i e s are however b i v o l t i n e , the Summer generation l a r v a e 

being present i n the r e l a t i v e l y warmer water temperatures a t t h i s 

time of the year. The overwintering l a r v a e of both s p e c i e s 

produce a d u l t s which emerge from e a r l y May to June, while 

emergence of the Summer generation a d u l t s occurs from J u l y to 

September. S.variegatum has a s i m i l a r a l t i t u d i n a l range to 

that of P . h i r t i p e s - while S.monticola extends to much higher 

a l t i t u d e s . At a l t i t u d e s below hOOm t h e r e f o r e these two s p e c i e s 

often form mixed populations of l a r v a e along with P . h i r t i p e s . 
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The fieldwork was c a r r i e d out from November 1956 to 

May 1957 i n Crowdundle and Swindale Becks (Nat.grid refs.35/6832, 

35/7029). These streams d r a i n p a r t of the western slope of the 

North Pennine Ridge to the south of Cross F e l l ( F i g . l ) and 

e v e n t u a l l y flow i n t o the R i v e r Eden. Crowdundle Beck r i s e s 

at 2700ft (823m) on the southern slope of Cross F e l l and with 

i t s t r i b u t a r i e s i t d r a i n s the western slope of the North Pennine 

Ridge from Cross F e l l to Great Dun F e l l , while Swindale Beck 

r i s e s a t 2330ft (680m) on the western slope of Knock F e l l . 

The stream p r o f i l e s ( F i g . 2 ) are t y p i c a l of those of 

mountain streams, although the g r a d i e n t s i n the extreme upper 

reaches of both streams are l e s s s teep. The s t e e p e s t g r a d i e n t s 

encountered i n both streams were 1 i n 1.7m where the streams flow 

over the escarpment formed by the f a u l t s of the Outer Pennine 

F a u l t System, t h e r e a f t e r the g r a d i e n t s s t e a d i l y decrease u n t i l 

at l80m they are 1 i n 40.7m f o r Crowdundle Beck and 1 i n ^2.*fm 
for Swindale Beck. 

The extreme upper reaches and the steeper escarpment 

s e c t i o n s of the streams above 400m flow over the rock s t r a t a 

of the Lower Carboniferous Limestone S e r i e s with outcrops of 

the Whin S i l l ( D o l e r i t e ) , Sandstone and Melmerby Sjcar Limestone 

o c c u r r i n g i n the escarpment s e c t i o n s . From' *f00m to 200m 

a l t i t u d e , the streams flow over the rock s t r a t a of the Cross 
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Fig. 2. Stream profiles of Swindale and Crowdundle Becks. 
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F e l l I n l i e r c o n s i s t i n g of rocks of the S i l u r i a n and 

O r d i y i c i a n period and s e v e r a l i n t r u s i v e Lampophyne dykes. 

Below 200m the streams flow over S t . Bees Sandstone of the 

T r i a s s i c e r a . 

The volume of flow i n both streams i s c o n s i d e r a b l e , 

even a t 7-00m, and n e i t h e r stream showed any si g n s of drying up 

during the period 195^-57. The annual p r e c i p i t a t i o n i n the 

f e l l s which form the catchment area of these streams i s 

co n s i d e r a b l e , 102 inches (259mm) being recorded i n 195^-

(Coulson, 1962) which i s s u f f i c i e n t to s u s t a i n the water flow 

even i n the d r i e r y e a r s . 

The widths of the streams vary from 0.5m, up to lKm 

from the source, to 3 to 5m i n the lower reaches approximately 

6 or 7Km from the source. The beds of the streams a t a l l the 

sampling p o i n t s , except those above 650m, c o n s i s t e d of loose 

stones between 5-50cms i n le n g t h . No rooted vegetation 

occurred i n the streams due to the scouring a c t i o n of spates 

which occur during the Autumn and Winter and very l i t t l e moss 

growth was noted. Both streams r i s e on open moorland which 

forms part of the Moorhouse Na t i o n a l Nature Reserve with a 

vegetation complex of Ca l l u n a , Eriophorum and Sphagnum s p e c i e s 

(Cragg, 1961). The steep western escarpment has only a t h i n 

peat covering and one of the dominant p l a n t s i s Juncus squarrosus, 

together with Deschampsia f l e x u o s a , F e s t u c a ovina, Gallium spp. 

and Polytricum sp. i n the d r i e r p a r t s and Eriophorum sp. and 



Sphagnum sp. i n the damper p a r t s . The lower reaches of 

both streams are overhung by t r e e s , Swindale Beck flowing 

through a shallow t r e e l i n e d gorge f o r 3Km from 280m to l80m 

while Crowdundle Beck i s wooded f o r approximately lKm from 

210m to l80m. 

l . C . Sampling Method 

Three sampling s i t e s were s e l e c t e d a t l80m, 300m and 

Vj-Om i n Swindale Beck and four s i t e s at l80m., 275m, A-OOm and 

^30m i n Crowdundle Beck. These s i t e s were s e l e c t e d on the 

b a s i s of r e s u l t s from sampling along the lengths of both 

streams during the previous years 1952*—56 (Table 1 ) . At the 

lower' s t a t i o n s P . h i r t i p e s l a r v a e were i n v a r i a b l y present while 

they were only obtained from s t a t i o n s above k50a. during A p r i l 

195^. T h i s i r r e g u l a r occurrence of P . h i r t i p e s l a r v a e above 

k-50m and the longer time r e q u i r e d to obtain samples due to the 

g e n e r a l l y lower numbers of a l l b l a c k - f l y l a r v a e at the higher 

a l t i t u d e s l e d to the s e l e c t i o n of s i t e s between 180m and ^Om. 

The s i t e s selected.were t y p i c a l s i t e s f o r h i l l stream b l a c k - f l y 

l a r v a e where the c u r r e n t i s r a p i d , cascading over and between 

stone s . Both s i t e s a t l80m had a slower c u r r e n t due to the 

lower gradient but they occur i n steeper s e c t i o n s of the stream 

with a pronounced r i p p l i n g c u r r e n t . 
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Q u a n t i t a t i v e methods of sampling were not used 

s i n c e the object was to obtain samples of l a r v a e which 

rep r e s e n t the s i z e d i s t r i b u t i o n of the P . h i r t i p e s l a r v a e 

present and not the r e l a t i v e abundance of l a r v a e between the 

sampling dates. P e r i o d i c c o l l e c t i o n s of l a r v a e were made at 

the sampling s i t e s by s e l e c t i n g and l i f t i n g stones from the 

r a p i d s e c t i o n s . .Five to 30 stones u s u a l l y y i e l d e d s u f f i c i e n t 

l a r v a e to- determine the proportion of P . h i r t i p e s i n the b l a c k -

f l y l a r v a l population and a l s o t h e i r s i z e d i s t r i b u t i o n . A l l 

the l a r v a e were removed from the s e l e c t e d stones with the side 

of the f o r e f i n g e r and t r a n s f e r r e d i n t o a tube c o n t a i n i n g 70$ 

a l c o h o l . T h i s sampling technique provided a good c r o s s s e c t i o n 

of the P . h i r t i p e s l a r v a l population, a l l i n s t a r stages, except 

the f i r s t i n s t a r , being represented i n the samples. There i s 

some evidence however that the 2nd and 3rd i n s t a r stages are 

l e s s e f f i c i e n t l y obtained by t h i s method of sampling, e s p e c i a l l y 

i n the e a r l y part of the season (November and December), when 

the percentage of P . h i r t i p e s i n ' the l a r v a l population i s at 

i t s lowest. I n November 1968 a l a r g e sample of b l a c k - f l y 

l a r v a e were c o l l e c t e d while s t i l l attached to the p e t i o l e s of 

dead l e a v e s (Acer sp.) which were trapped on the stones at the 

l80m sampling s i t e i n Swindale Beck. .Of the 15,000 b l a c k - f l y 

l a r v a e collected., only 0.9$ proved to be P . h i r t i p e s of the 

1st to 4th i n s t a r s , and only 2 f i r s t i n s t a r l a r v a e were found. 

I t i s not. s u r p r i s i n g therefore that no f i r s t i n s t a r l a r v a e of . 
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P . h i r t i p e s were obtained i n the n e c e s s a r i l y smaller samples 
obtained from 195^-57. The low numbers of 1 s t i n s t a r l a r v a e 
of P . h i r t i p e s i n the samples i s due p a r t l y to the short duration 
of t h i s stage; approximately 2 days (Davies, 1960), p a r t of 
which w i l l be taken up by the d i s p e r s a l of the l a r v a e from t h e i r 

0. v i p o s i t i o n s i t e s . I t i s probable a l s o t h a t the r e l a t i v e l y 

s h o r t e r durations of the 2nd and 3rd i n s t a r s w i l l be a f a c t o r 

c o n t r i b u t i n g to the lower numbers of these l a r v a e i n the 

samples. 

Samples of the l a r v a l b l a c k - f l y population were 

c o l l e c t e d from the three s i t e s i n Swindale Beck (l80m, 300m, 

4-30m) a t r e g u l a r i n t e r v a l s from November 1956 to May 1957> 

and samples were a l s o c o l l e c t e d from four s i t e s i n Crowdundle 

Beck (l80m-, 275m, 400m, 430m) on 19 December 1956, 8 January 1957, 

15 January 1957 and 23 January 1957. Sampling i n Crowdundle 

Beck was discontinued a f t e r 23 January 1957 because the 

percentage of P . h i r t i p e s l a r v a e was too sma l l to provide a 

r e l i a b l e estimate of the s i z e d i s t r i b u t i o n of the l a r v a e present. 

1. D. . A l t i t u d i n a l d i s t r i b u t i o n of P.hirtipe.s l a r v a e and 

t h e i r proportion i n the b l a c k - f l y l a r v a l population 

at d i f f e r e n t times during the year 

The percentage of P . h i r t i p e s i n a l l the l a r v a l samples 

was r e a d i l y determined as the l a r v a e were quite, d i s t i n c t from 
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those of the other s p e c i e s present a t a l l stages i n t h e i r 

development. The l a r v a e of S.monticola and S.varjegatum 

are not e a s i l y d i s t i n g u i s h e d , e s p e c i a l l y i n the e a r l y i n s t a r s , 

so no separation of these l a r v a e was attempted. The percentages 

of P . h i r t i p e s i n the l a r v a l samples obtained from Swindale and 

Crowduhdle Becks from November 1956 to May 1957 are given i n 

Table 2. The percentages of P . h i r t i p e s i n the l a r v a l samples 

from previous y e a r s are given i n Table 1. 

-P . h i r t i p e s l a r v a e form a p r o g r e s s i v e l y l a r g e r 

proportion of the t o t a l b l a c k - f l y . l a r v a l population as the 

season progresses (Fig.3) u n t i l the onset of pupation i n A p r i l 

or e a r l y May, and t h i s i n c r e a s e i s more marked as the a l t i t u d e 

decreases'. P r i o r to the hatching of the f i r s t P . h i r t i p e s 

l a r v a e i n the Autumn, the b l a c k - f l y l a r v a l population c o n s i s t e d 

e n t i r e l y of S.monticola and S.variegafum l a r v a e which have 

hatched from the eggs of the Summer generation a d u l t s . These 

l a r v a e showed a l a r g e s i z e d i s t r i b u t i o n due to an extended 

period of hatching which was seen to continue through the Winter 

months. Hatching of P . h i r t i p e s l a r v a e begins i n l a t e October 

or e a r l y November and r e s u l t s i n the steady i n c r e a s e i n the 

proportion of P . h i r t i p e s l a r v a e i n the population. Between 

30 January and 19 February there was a marked r i s e i n the 

proportion of P . h i r t i p e s l a r v a e a t l80m which did not occur 

a t the higher a l t i t u d e s , and corresponded with a l a r g e number 

of the sm a l l e r l a r v a e i n the sample on 19 February ( F i g . k ) 
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Larval Head-capsule Widths 
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which r e s u l t e d from a l a r g e hatch i n l a t e January. Very 

l i t t l e hatching occurred a f t e r 19 February as very small 

l a r v a e were absent from the samples at a l l a l t i t u d e s a f t e r 

t h i s date. The proportion of P . h i r t i p e s l a r v a e i n the 

population however continued to i n c r e a s e , which must have been 

due to the l o s s of S.monticora and S.variegatum l a r v a e from th 

l a r v a l population. This continued r i s e was probably due to 

l i m i t e d pupation of the l a r g e r S.monticola an.d S'.variegatum 

l a r v a e with the a r r i v a l of the warmer water temperatures i n 

mid March. The f a l l i n the proportion of P . h i r t i p e s l a r v a e 

on 5 A p r i l at l80m, 25 A p r i l a t 500m and k May at kJOm 

c o i n c i d e s with the occurrence of the pupae of P . h i r t i p e s at 

these a l t i t u d e s . .The f a c t t h a t the proportion of P . h i r t i p e s 

l a r v a e f a l l s with the onset of pupation of t h i s s p e c i e s shows 

that pupation of P . h i r t i p e s l a r v a e i s spread over a much 

sh o r t e r period than pupation of the other b l a c k - f l y l a r v a e 

present i n the population. The r i s e i n the proportion of 

P . h i r t i p e s i n the l a r v a l population a f t e r 15 A p r i l a t l80m 

i s due to l a t e r pupation of l a r v a e r e s u l t i n g from the l a r g e 

l a t e r hatch i n January. 

The decrease i n the proportion.of P . h i r t i p e s l a r v a e 

i n the b l a c k - f l y l a r v a l population with i n c r e a s e i n a l t i t u d e 

between l80m and ^30m, and the very low percentage of t h i s . 

s p e c i e s a t *f30m, i n d i c a t e s that ^Om i s near to the upper 

l i m i t of the a l t i t u d i n a l range of P . h i r t i p e s l a r v a e i n 
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Swindale Beck during the 1956-57 season. A s i m i l a r 

a l t i t u d i n a l d i s t r i b u t i o n of P . h i r t i p e s l a r v a e i s seen when 

the percentages of P . h i r t i p e s l a r v a e i n the samples taken 

from both Crowdundle and Swindale Becks, 1954-56, are examined. 

P . h i r t i p e s l a r v a e were i n v a r i a b l y present i n . t h e samples obtained 

below 450m where they formed 20-50$' of the t o t a l l a r v a l population, 

while i n samples obtained above 450m. .they are absent or form a 

very small proportion (Table 3 ) . The upper l i m i t of the 

d i s t r i b u t i o n of P . h i r t i p e s l a r v a e i n both Swindale and Crowdundle 

Becks appears, i n most y e a r s , to occur a t approximately 450m. 

A s i m i l a r a l t i t u d i n a l d i s t r i b u t i o n of P . h i r t i p e s was a l s o found 

i n other streams (Table 4) d r a i n i n g the western slope of the 

North Pennine Ridge and i n three streams i n the Upper Spey 

V a l l e y , I n v e r n e s s ^ s h i r e . 

.P.hi r t i p e s l a r v a e formed the hig h e s t proportion of 

the b l a c k - f l y l a r v a l population at 275EI i n Crowdundle Beck on 

a l l o ccasions, and at 300m i n Swindale Beck i n A p r i l 1955 and 

March 1956. .In the remaining two years when samples were 

taken the proportion was g r e a t e s t a t l80m i n Swindale Beck. 

I f we assume tha t P . h i r t i p e s l a r v a e w i l l form the g r e a t e s t 

percentage of the l a r v a l population a t the centre of i t s 

a l t i t u d i n a l range, the c e n t r a l point of i t s a l t i t u d i n a l range 

would l i e between l80m and 300m i n Swindale and Crowdundle Becks. 

The year 1954 seems to have been an e x c e p t i o n a l year f o r 

P . h i r t i p e s l a r v a e i n Swindale Beck for not only did they form 



TABLE 3. The occurrence of Prosimulium h i r t i p e s larvae 

above and below 450m 

CROWDUNDLE BECK 

16 Apr. 54 

14 Apr. 55 

SWTNDALE BECK 

15 Apr. 54 

23 Apr. 55 

23 Mar. 56 

22 Nov. 56 

180 - 450m 450 - 800m 

No. of 7. No. of % 
larvae h i r t i p e s larvae h i r t i p e s 

611 

1063 

13.2 

21.3 

284 

35 

0.7 

0.0 

429 61.5 

1160 46.5 

2721 37.5 

3316 1.1 

626 3.3 

148 0.0 

269 0.0 

924 0.0 
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a very high proportion of the t o t a l b l a c k - f l y l a r v a l 
population but t h e i r a l t i t u d i n a l d i s t r i b u t i o n was g r e a t l y 
extended forming of the sample at 630m which i s only 

100m below the source. The proportion -of P . h i r t i p e s l a r v a e 

was a l s o higher during t h i s year i n the samples obtained from 

Crowdundle Beck and there i s some evidence of an extended 

a l t i t u d i n a l d i s t r i b u t i o n i n that one l a r v a was present i n a 

sample obtained a t 630m. The reason f o r t h i s extension of 

the a l t i t u d i n a l range during t h i s year i s not c l e a r but i t 

does serve to i l l u s t r a t e that s u i t a b l e s i t e s are a v a i l a b l e 

f o r the development of P . h i r t i p e s l a r v a e above 430m. 

I . E . Seasonal Development of Prosimulium h i r t i p e s l a r v a e 

at d i f f e r e n t a l t i t u d e s 

I n order to a s s e s s the development of the l a r v a e 

i t i s necessary to obtain a measure of t h e i r growth i n s i z e 

and i f p o s s i b l e to achieve t h e i r s e p a r a t i o n i n t o i n s t a r s so 

that the development can be followed from i n s t a r to i n s t a r . 

Since the morphology of the d i f f e r e n t i n s t a r s was not known 

and only the f i n a l and f i r s t i n s t a r (unknown for t h i s s p e c i e s 

at the time of study) stages could be i d e n t i f i e d with any degree 

of c e r t a i n t y , i t was decided to obtain growth measurements and 

to use these to follow the development of the l a r v a e and a l s o 

i f p o s s i b l e to use them as a b a s i s f o r the se p a r a t i o n of the 

l a r v a e i n t o t h e i r r e s p e c t i v e i n s t a r s . 
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The more h i g h l y s c l e r o t i z e d p a r t s of the l a r v a l 

c u t i c l e were s e l e c t e d for measurement s i n c e these w i l l show 
the l e a s t v a r i a t i o n i n dimensions during an i n s t a r stage, 
thus g i v i n g a b e t t e r s e p a r a t i o n of the i n s t a r s . T e r t e r j a n (1957) 
showed that the head-capsule width provided a more r e l i a b l e 
means of s e p a r a t i n g the i n s t a r s of Simulium. (Wilhelmia) 
paraequina P u r i . than measurements of the s o f t e r p a r t s of 
the l a r v a ' s body. Grenier (1960) a l s o showed that measurement 
of the length of the h i g h l y s c l e r o t i s e d mandible provided a 
r e l i a b l e b a s i s f o r the s e p a r a t i o n of some of the i n s t a r s of 
Simulium damnosum Theobald. Measurements of the head-capsule 
widths and the widths of the hypostomial t e e t h were made on a 
t r i a l s e r i e s of l a r v a e and the former were adopted s i n c e they 
appeared to provide a b e t t e r s e p a r a t i o n of the i n s t a r s . 

l . E . . ( i ) Sampling and measurement of l a r v a l head-capsule 

width 

Samples of l a r v a e were obtained at'2 to 4 week 

i n t e r v a l s from l80m, 300m and 430m i n Swindale Beck, throughout 

the development period from 22 November 1956 to 15 May 1957. 

.The three s i t e s cover the a l t i t u d i n a l range of P . h i r t i p e s 

p r e v i o u s l y d e s c r i b e d . The samples were c o l l e c t e d as described 

e a r l i e r and a f t e r s e p a r a t i o n of the P . h i r t i p e s l a r v a e and 

determination of t h e i r percentage i n the sample, the l a r v a e 

were c a r e f u l l y decapitated i n 90% a l c o h o l . The decapitated 
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heads were then c a r e f u l l y arranged on a microscope s l i d e 
i n a drop of Euparal which f a c i l i t a t e d t h e i r c o r r e c t 
o r i e n t a t i o n . .Each head capsule was arranged w i t h the dorsal 
surface uppermost and the width of the head-capsule was 
measured between the eye-spots using a microscope f i t t e d w i t h 
a micrometer eye piece-. The o p t i c a l system of the microscope 
gave a m a g n i f i c a t i o n of lOOx. The micrometer scale i n the 
eye piece had 100 d i v i s i o n s and i t was found t h a t 79 d i v i s i o n s 
of t h i s scale were equivalent t o 1mm. The head-capsule widths 
throughout t h i s account w i l l be measured i n " d i v i s i o n s " where 
1 d i v i s i o n - l/79th mm. Where possible i n the f i g u r e s the 
measurements i n m i l l i m e t r e s are shown along w i t h the measurements 
i n " d i v i s i o n s " . Any head capsules which were damaged during 
sampling were discarded. These amounted to of the t o t a l 

number of larvae which i s r e l a t i v e l y small considering the 

method of sampling. 

I n a l l , some 6632 larvae were measured, these being 

obtained from d i f f e r e n t a l t i t u d e s i n two streams over a per i o d 

of 5 years and f o r one of these years, being obtained at 

reg u l a r i n t e r v a l s throughout the developmental p e r i o d . .The 

r e s u l t s of these measurements are shown as a polymodal head-

capsule width d i s t r i b u t i o n (Fig.5b) and as head-capsule width 

d i s t r i b u t i o n s f o r the separate samples from l80m and 300m i n 

Swindale Beck, 1956-57 ( F i g . k ) . The head-capsule width 

d i s t r i b u t i o n f o r the larvae obtained from Swindale Beck on 

23 November 1968 i s also included i n .Fig.5a. 



Fig. 5. Polymodal Head-capsu le Width distr ibut ions of 

P. hir t ipes larvae and their separat ion into Instar 

d ist r ibut ions. 
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l . E . ( i i ) Measurement of growth by use of the mean 

head-capsule width 

A measurement of the growth a t t a i n e d by the P . h i r t i p e s 

larvae i n each sample can be obtained by c a l c u l a t i o n of the mean 

head-capsule width of the larvae i n each sample, those f o r the 

samples obtained from Swindale Beck, 1956-57, are given i n 

Table 5'.' 

As expected, the larvae i n samples from a l l a l t i t u d e s 

show an increase i n t h e i r mean head-capsule width from the 

beginning to the end of the season, but the p a t t e r n of t h i s 

increase i s f a r from uniform. The increase i n the mean head-

capsule widths of the samples from l80m and 300m remains low 

during the e a r l y p e r i o d of development u n t i l the end of February. 

This i s due p a r t l y t o the continued a d d i t i o n of small larvae to 

the sample r e s u l t i n g from the prolonged p e r i o d of hatching at 

both a l t i t u d e s , small 2nd i n s t a r larvae being present i n the 

samples taken a t both a l t i t u d e s on 30 January. The occurrence 

of the very l a r g e number of small larvae i n the sample from 

l80m on 19 February 1957, r e s u l t i n g from the large l a t e hatch 

at t h i s a l t i t u d e , caused a redu c t i o n i n the mean head-capsule 

wid t h or "negative" growth. .Although a s i m i l a r change d i d not 

occur a t 300m i t does emphasise the need f o r ; c a u t i o n when 

i n t e r p r e t i n g mean head-capsule width data i n terms of growth, 

while hatching i s s t i l l o c c u r r i n g . . I t r e s u l t e d i n an apparent 

r e v e r s a l of the growth of the larvae at l80m and 300m. Up to 
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30 January the larvae at l80m had a mean head-capsule w i d t h 
greater than t h a t of the larvae at 300m, but because of -the 
p a t t e r n of hatching, the larvae a t 300m had a mean head-capsule 
width greater than t h a t at l80m from 19 February u n t i l 25 A p r i l 
when the former p o s i t i o n was r e s t o r e d , due to the more r a p i d 
growth of the larvae a t l80m during t h i s p e r i o d . .The p a t t e r n 
of development between the e a r l i e r sampling dates at 430m was 
s i m i l a r t o t h a t at l80m, but since there was no evidence of a 
s i m i l a r p a t t e r n of hatching at t h i s a l t i t u d e , i t must be due 
to e r r o r s i n the c a l c u l a t i o n of the mean head-capsule width 
r e s u l t i n g from the extremely small numbers of larvae i n the 
samples at t h i s time. 

The larvae at l80m reach t h e i r maximum growth 

e a r l i e r than those at 300m, the mean head-capsule width of 

59.3 d i v s . being very close to the mean head-capsule width 

of the known l a s t i n s t a r larvae (62.1 d i v s . ) , i n d i c a t i n g 

t h a t the m a j o r i t y of the larvae have reached the l a s t i n s t a r 

(8l.25£). The maximum mean head-capsule width of 58.2 d i v s . 

achieved by the larvae at 300m does not represent t h e i r 

maximum growth, since only 62.5$ of the larvae i n t h i s sample 

had reached the l a s t i n s t a r and sampling was discontinued 

a f t e r t h i s date (15 May 1957). The larvae at 430m had a 

mean head-capsule width of 58.9 d i v s . on 25 A p r i l 1957 

which was greater than t h a t achieved by the larvae at l80m 

on the same date, and was approximately the same as the 



maximum mean head-capsule width achieved by the larvae at 

l80m. Since the larvae i n the 430m sample consisted of 

68.3% f i n a l i n s t a r s , 24.4#'-7th i n s t a r s , k.9%'. 6th i n s t a r s 

and 2.h%. 3th i n s t a r s , i t might be expected t h a t the larvae 

developing at 430m w i l l achieve a l a r g e r mean head-capsule 

width than those developing at l80m. The e a r l y attainment 

of t h i s large mean head-capsule width by the larvae at 430m 

may be the r e s u l t of a short , concentrated hatch i n the e a r l y 

p a r t of the season and the absence o f , or g r e a t l y reduced 

l a t e r hatching which had the e f f e c t of reducing the mean 

head-capsule widths at the lower a l t i t u d e s . 

Last i n s t a r larvae-, as d i s t i n g u i s h e d by the presence 

of black pupal r e s p i r a t o r y f i l a m e n t h i s t o b l a s t s occurred e a r l i e r 

i n the samples obtained from l80m i n Swindale Beck, 1956-57 

(Table 6) than at the h i g h e r ' a l t i t u d e s . I t w i l l be seen 

l a t e r however t h a t l a s t i n s t a r larvae were present i n the 

stream p r i o r to these dates, on 8 March at l80m and 430m, 

and 23 March at 300m ( F i g . l l ) , the e a r l y appearance of the 

l a s t i n s t a r larvae at 430m perhaps i n d i c a t i n g an e a r l i e r 

s t a r t i n g of Autumn hatching at t h i s a l t i t u d e . 

.Pupation of .P.hirtipes larvae began between 

23 March and 5 A p r i l at l80m, between 15 A p r i l and 25 A p r i l 

at 300m, and between 25 A p r i l and 5 May at 430m, pupae of 

P . h i r t i p e s being observed i n the stream at each of these 

a l t i t u d e s on the l a t t e r dates s t a t e d . Observations of the 
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occurrence of the l a s t i n s t a r larvae about to pupate, i . e . 
those w i t h black pupal r e s p i r a t o r y f i l a m e n t h i s t o b l a s t s , and 
the time of pupation of the larvae at the d i f f e r e n t a l t i t u d e s , 
confirm the previous observations t h a t the development of the 
larvae i s quicker a t l80m than at 300m and *f30m. The l a t e r 
pupation at V30m also suggests t h a t development of the larvae 
i s slowest at the highest a l t i t u d e . I t i s also i n t e r e s t i n g 
to note t h a t the time from the f i r s t appearance of the l a s t 
i n s t a r larvae i n the samples to the beginning of pupation 
increased w i t h a l t i t u d e , being 28 days at l80m, 33 days at 
300m and 58 days at 430m, again suggesting slower development 
w i t h increase i n a l t i t u d e . 

Data from both Swindale and Crowdundle Becks i n 

the previous years, 195^-56 (Table 7), when samples were 

obtained from d i f f e r e n t a l t i t u d e s on the same date, also shows 

a decrease i n the mean-head-capsule width as the a l t i t u d e 

increases. On 19 May 1953 i n Swindale Beck pupation and 

emergence were completed a t l80m while a t 300m numerous 

pupae were present, some empty, but no larvae showing t h a t 

pupation was complete but emergence of the a d u l t f l i e s was 

s t i l l i n process. At kOOm however larvae v a s t l y outnumbered 

the pupae and no empty pupal skins were found, showing t h a t 

pupation was i n process but emergence of the a d u l t f l i e s had 

not begun at t h i s a l t i t u d e . Thus pupation of the larvae i n 

Swindale Beck during 1955 was at l e a s t 2 t o 3 weeks l a t e r at 
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430m than at l80m, which i s s i m i l a r to what happened i n 

1956-57 when pupation was 3 to 4 weeks l a t e r at 430m than 

at l80m. 

From the evidence of the mean head-capsule widths 

of the l a r v a l samples and the occurrence of the l a s t i n s t a r 

larvae and pupation, there seems l i t t l e doubt t h a t development 

of the larvae proceeds more q u i c k l y at the lower a l t i t u d e s , 

and the d i f f e r e n c e s i n the r a t e s of development would have 

been more marked had i t not been obscured by the appearance 

of a second large hatch at l80m i n Swindale Beck i n 1957. 

The mean head-capsule widths of the l a r v a l samples, 

although p r o v i d i n g a general basis on which the development 

of the larvae could be studied at the d i f f e r e n t a l t i t u d e s , 

was not s u f f i c i e n t l y precise to enable a more d e t a i l e d 

a n a l y s i s of the l a r v a l development, e s p e c i a l l y during the 

e a r l y period when hatching was oc c u r r i n g . I t was necessary 

t h e r e f o r e to separate the l a r v a l samples i n t o t h e i r respective 

i n s t a r s and t h i s necessitated the r e c o g n i t i o n of the l a r v a l 

i n s t a r s on the basis of t h e i r head widths, and l a t e r r b y other 

c r i t e r i a . 

l . E . . ( i i i ) - Determination-of the number of l a r v a l i n s t a r s 

f o r P . h i r t i p e s 

(a) Examination of the head-capsule width d i s t r i b u t i o n s 

An analy s i s of the polymodal head-capsule width 

d i s t r i b u t i o n f o r P . h i r t i p e s (Fig.5b), i n c l u d i n g measurements 
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from some 65OO larvae obtained from both Swindale and 
Crowdundle Becks, 1954-57, was made. Since there i s no 
s t a t i s t i c a l method a v a i l a b l e f o r the ana l y s i s of polymodal 
d i s t r i b u t i o n s , c e r t a i n basic assumptions were made to f a c i l i t a t e 
t h i s a n a l y s i s . 

Of the several i n s t a r head-capsule width d i s t r i b u t i o n s 

which make up the polymodal d i s t r i b u t i o n , only t h a t of the l a s t 

i n s t a r can be separated w i t h any degree of c e r t a i n t y using data 

r e l a t i n g t o the known l a s t i n s t a r larvae w i t h black pupal 

r e s p i r a t o r y f i l a m e n t s . These larvae were found to have a 

mean head-capsule width of 62.1 divs'. I n the remaining 

d i s t r i b u t i o n d i s t i n c t peaks occurred at 23 divs.-, 32 d i v s . , 

and 41 d i v s . , and from 4 l d i v s . t o 75 d i v s . only one peak was 

d i s t i n c t at 53 d i v s . .Since the mean head-capsule wid t h of 

the l a s t i n s t a r l a r v a e . i s 62.1 d i v s . and the range of head-

capsule widths from 4 l d i v s . to 75 d i v s . i s greater than the 

range covered by the r e s t of the d i s t r i b u t i o n which included 

three d i s t i n c t peaks, i t can be assumed t h a t t h i s p a r t of the 

d i s t r i b u t i o n represents two d i s t r i b u t i o n s which show a greater 

degree of mergence. I t was also assumed t h a t another peak 

occurred at the lower end of the d i s t r i b u t i o n at approximately 

18 d i v s . which was obscured by the l a r g e r numbers of larvae 

i n the higher d i s t r i b u t i o n s . This may be j u s t i f i e d since 

the f i r s t i n s t a r , which must be less than 11 d i v s . would have 

to more than double i t s s i z e ' t o reach the f i r s t d i s t i n c t 
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d i s t r i b u t i o n w i t h a peak a t 23 d i v s . • I t was assumed 
th e r e f o r e t h a t 6 peaks were present i n the d i s t r i b u t i o n 
r epresenting 6 l a r v a l i n s t a r d i s t r i b u t i o n s . .Since the mean 
head-capsule widths of a l l the i n s t a r s , except the l a s t , cannot 
be c a l c u l a t e d , i t was assumed t h a t Dyar's Growth Rule was 
a p p l i c a b l e , and i t was found t h a t a Growth Index of 1.28 
provided the best f i t to the observed peaks of the d i s t r i b u t i o n 
and the ca l c u l a t e d mean head-capsule width of the l a s t i n s t a r 
l a r v a e . .The true mean head-capsule widths of the 6 i n s t a r 
d i s t r i b u t i o n s were taken as 62.1 d i v s . f o r the l a s t i n s t a r 
d i s t r i b u t i o n and the 5 mean head-capsule widths of the 
remaining 3 i n s t a r d i s t r i b u t i o n s were c a l c u l a t e d from t h i s , 
using a Growth Index of 1.28. 

I t was next assumed t h a t :: 

a. the head-capsule widths i n each l a r v a l i n s t a r d i s t r i b u t i o n 

show a normal d i s t r i b u t i o n about the mean. 

b. .the maximum d e v i a t i o n from the mean i s equal t o the 

di f f e r e n c e between the t r u e mean of the i n s t a r head-

capsule width d i s t r i b u t i o n and the tr u e mean of the 

i n s t a r head-capsule width d i s t r i b u t i o n above'! For 

the l a s t i n s t a r d i s t r i b u t i o n the maximum d e v i a t i o n was 

taken as being the upper end of the d i s t r i b u t i o n ' . 

c1. the maxima of the polymodal d i s t r i b u t i o n are the 

maximum values at the tr u e means of each i n s t a r head-

capsule width d i s t r i b u t i o n (= y ) . 
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The standard d e v i a t i o n (cr" ) f o r each i n s t a r head-capsule 
width d i s t r i b u t i o n was then c a l c u l a t e d 

True' mean of 3rd i n s t a r d i s t r i b u t i o n - True mean of 2hd I.D', 
0— = • . _ 

3.2 • 

The number of l a r v a l head-capsule widths i n each i n s t a r 

d i s t r i b u t i o n can now be c a l c u l a t e d from the general equation 

f o r a normal curve 

Since the value of y i s taken at £he tr u e mean X = 0 

I t f o l l o w s then t h a t £ — I 

Therefore. N = y a~y/2n 

Using t h i s formula the numbers of l a r v a l head-capsule widths (N) 

i n each i n s t a r d i s t r i b u t i o n were c a l c u l a t e d and compared w i t h 

the known t o t a l , number/^farval measurements (6300). The numbers 

of l a r v a l head-capsule width measurements were then p r o p o r t i o n ­

a t e l y adjusted so t h a t they t o t a l l e d 65OO and the standard 

d e v i a t i o n s f o r each d i s t r i b u t i o n were adjusted accordingly. 
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Example 

y (max.! 
True 
mean <r~ u: N ( a d j . ) a - ( A d j . ) 

2nd I n s t a r 2 12 ..Or 0-938 5 5 1..-026 

3rd 15 15.5 1.094 41 45 1.197 
4th 142 23.0 2.. 344 835 913 2..564 

5th 179 32.0 2.813 1263 1381 3.077 
6 t h 210 41.0 2.813 1481 1620 3.077 

7 t h 144 53.0 3.-750 1354 1481. 4.102 

8th 95 62.1 4 .044 963 1051 4.424 

T o t a l 5942 6499 

Since there are 65.OO l a r v a l head-capsule width 

measurements i n the polymodal d i s t r i b u t i o n , the c a l c u l a t e d 

numbers of l a r v a l measurements (N) i n each head-capsule width 

d i s t r i b u t i o n i s increased by ^ g ^ g » s o "that the t o t a l number 

of l a r v a l - head-capsule width measurements i s as ne a r l y as 

possible equal t o 65OO. The standard d e v i a t i o n i s then 

adjusted t o accommodate the increased numbers of measurements 

i n each d i s t r i b u t i o n . 

On t h i s basis normal d i s t r i b u t i o n curves were 

constructed f o r each i n s t a r d i s t r i b u t i o n and a composite 

polymodal d i s t r i b u t i o n was produced f o r comparison w i t h the 

observed polymodal d i s t r i b u t i o n . When t h i s was done the 

ca l c u l a t e d polymodal d i s t r i b u t i o n gave a much greater separation 
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of the penultimate and f i n a l i n s t a r d i s t r i b u t i o n s than 
occurred i n the o r i g i n a l polymodal d i s t r i b u t i o n so we must 
assume t h a t Dyar's Growth Rule , i.e'. a constant • growth 
increase f a c t o r , does not hold true f o r growth between the 
penultimate and f i n a l i n s t a r s . The remaining i n s t a r 
d i s t r i b u t i o n s showed separations of the peaks s i m i l a r t o 
those i n the o r i g i n a l polymodal d i s t r i b u t i o n but s l i g h t l y 
displaced to the l e f t ' . 

A', second polymodal d i s t r i b u t i o n was next c a l c u l a t e d 

t a k i n g these observations i n t o account'. I t was assumed i n 

t h i s case t h a t the peak at 53 d i v s . represented the tr u e mean 

head-capsule width of the p e n u l t i n a t e i n s t a r d i s t r i b u t i o n and 

th a t Dyar's Growth Rule only held true f o r the f i r s t 5 i n s t a r 

d i s t r i b u t i o n s of the polymodal d i s t r i b u t i o n . Using a Growth 

Index of 1.31 which produced a good f i t w i t h the peaks of the 

f i r s t 5 i n s t a r d i s t r i b u t i o n s , the true means of these 

d i s t r i b u t i o n s were c a l c u l a t e d . .The true mean of the f i n a l 

i n s t a r d i s t r i b u t i o n remained at 62.1 d i v s . The same procedure 

was used as p r e v i o u s l y , except f o r the c a l c u l a t i o n of the 

standard d e v i a t i o n of the penultimate i n s t a r d i s t r i b u t i o n ' , . 

I n t h i s case i t was c a l c u l a t e d from the d i f f e r e n c e between 

the true mean of the penultimate i n s t a r d i s t r i b u t i o n and the 

tr u e mean of the i n s t a r d i s t r i b u t i o n below, instead of the 

tru e mean of the i n s t a r d i s t r i b u t i o n above. This was necessary 

as the penultimate and f i n a l i n s t a r d i s t r i b u t i o n s have a greater 
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degree of overlapping, so th a t c a l c u l a t i o n of the standard 
d e v i a t i o n from the d i f f e r e n c e between t h e i r t r ue means would 
produce a fa l s e impression of the d e v i a t i o n of the head-capsule 
widths i n the penultimate i n s t a r d i s t r i b u t i o n ' . 

The second c a l c u l a t e d polymodal d i s t r i b u t i o n f i t t e d 

the o r i g i n a l polymodal d i s t r i b u t i o n very w e l l and provided a 

basis on which f u r t h e r work could be done to more c l e a r l y 

separate' the l a r v a l head-capsule width d i s t r i b u t i o n s of the 

separate i n s t a r s 1 . 

.On the basis of t h i s analysis i t seemed t h a t there 

were 7 l a r v a l i n s t a r s during the development of P . h i r t i p e s 

l a r v a e , the 1st i n s t a r which had not been found i n the samples 

and 6 others which were represented i n the polymodal 

distribution 1.!. 

The e a r l i e s t i n s t a r d i s t r i b u t i o n which was obscured 

by the l a r g e r numbers of measurements i n the l a t e r i n s t a r 

d i s t r i b u t i o n s was next i n v e s t i g a t e d to t r y to e s t a b l i s h i t s 

presence w i t h greater c e r t a i n t y . The lower end of the 

polymodal d i s t r i b u t i o n (11-23 d i v s . ) was p l o t t e d on p r o b a b i l i t y 

paper and an i n f l e x i o n at 17 d i v s . i n the expected s t r a i g h t 

l i n e i n d i c a t e d t h a t the d i s t r i b u t i o n was bimodal over t h i s 

range of l a r v a l head-capsule widths. The number of head-

capsule width groups was however small so t h a t no accurate 

separation of the two d i s t r i b u t i o n s could be made using the 

gr a p h i c a l method f o r the separation of bimodal d i s t r i b u t i o n s 

(Lewis & Taylor, 1968)'•' The c a l c u l a t i o n s made i n d i c a t e d t h a t 
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the mean head-capsule width of the e a r l i e s t i n s t a r 
d i s t r i b u t i o n l a y between 1^.5 - 17.5 d i v s . 

The d i s t r i b u t i o n s of the l a r v a l head-capsule widths 

of the penultimate and f i n a l i n s t a r s i n d i c a t e that the amount 

of growth o c c u r r i n g between these i n s t a r s i s p r o p o r t i o n a t e l y 

l e s s than between the e a r l i e r i n s t a r s which approximately 

follow Dyar's Growth Rule. T h i s i s to be expected s i n c e 

the pupal and imaginal h i s t o b l a s t s show t h e i r g r e a t e s t 

development at t h i s time and therefore a l a r g e r proportion 

of the r e s o u r c e s of the organism w i l l be used for the 

development of these s t r u c t u r e s and t h e r e f o r e l e s s to the 

i n c r e a s e i n the s i z e of the l a r v a l s t r u c t u r e s . 

l . E . ( i i i ) (b) The morphological study of P . h i r t i p e s l a r v a e 

I t was decided to obtain a l a r g e sample of 

P . h i r t i p e s l a r v a e a t the beginning of the season, during the 

i n i t i a l period of hatching, to t r y to e s t a b l i s h the e x i s t e n c e 

of the e a r l i e s t i n s t a r with a mean-head-capsule width of 

between 1^.5 and 17.5 d i v s . and to make a study of the 

morphology of the l a r v a e to confirm or r e j e c t the d i f f e r e n t 

i n s t a r d i s t r i b u t i o n s as p o s t u l a t e d i n the a n a l y s i s of the 

polymodal d i s t r i b u t i o n of the l a r v a l head-capsule widths. 

A'., l a r g e sample of b l a c k - f l y l a r v a e , approximately 

15,000, was obtained from Swindale Beck at lSOm on 23 November 

1968. Since l a r g e numbers of dead l e a v e s were trapped on the 

rocks of the sampling s i t e , the opportunity was taken to employ 



36 
a d i f f e r e n t sampling technique which would ensure the 
c o l l e c t i o n of small larvae.. The p e t i o l e s to which many l a r v a e 
were c l i n g i n g were detatched and t r a n s f e r r e d , with the l a r v a e 
s t i l l attached, to tubes c o n t a i n i n g 70j£" a l c o h o l . The percentage 
of P . h i r t i p e s l a r v a e was very low and only 133 P . h i r t i p e s l a r v a e 
were obtained. The head-capsule widths of the l a r v a e were • 
measured, as p r e v i o u s l y , u s i n g the same s c a l e (79 d i v s . = 1mm..)1. 
The l a r v a e were not however decapitated so that the width of 
the head-capsule could l a t e r be r e l a t e d to the morphology of 
the e n t i r e l a r v a . The d i s t r i b u t i o n of the head-capsule widths 
of these l a r v a e i s shown i n Fig.5a. The l a r v a e i n c l u d e d 2 f i r s t 
i n s t a r l a r v a e and the remaining l a r v a e v a r i e d i n head-capsule 
width between 11 - 2h d i v s . The s m a l l e s t l a r v a e , excluding 
the f i r s t i n s t a r l a r v a e , had head-capsule widths equal to the 
head-capsule widths of the s m a l l e s t l a r v a e obtained during 
sampling i n the y e a r s 195*1—57-. The d i s t r i b u t i o n i s polymodal 
showing three d i s t i n c t peaks a t 12 divs'.., 15-16 d i v s . , and 
23 divs F.' f the l a t t e r corresponding to the f i r s t d i s t i n c t peak 
of the polymodal d i s t r i b u t i o n f o r 195^—57. T h i s i n d i c a t e d 
that 3 i n s t a r d i s t r i b u t i o n s were present i n a d d i t i o n to the 
1st i n s t a r . The peak a t 15-16 d i v i s i o n s confirms the presence 
of the suspected i n s t a r d i s t r i b u t i o n with.a mean head-capsule 
width between 1^.5 - 17.5 d i v s . .in the 1954—57 polymodal 
d i s t r i b u t i o n , while the peak at 12 d i v s . , which had not been 
suspected, i n d i c a t e d the presence of an a d d i t i o n a l i n s t a r 
d i s t r i b u t i o n . . The data from a l l head-capsule width d i s t r i b u t i o n s 
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thus i n d i c a t e s t h a t eight i n s t a r s are present during the 
l a r v a l development of P . h i r t i p e s . .The mean head-capsule 
widths of these i n s t a r s are shown i n Table 8 along with the 
r e s p e c t i v e Growth I n d i c e s . 

The number of i n s t a r s during the development of 

b l a c k - f l y l a r v a e has been the s u b j e c t of much r e s e a r c h and 

a h i s t o r i c a l survey i s w e l l s e t out by Grenier (1960)V 

The concensus of opinion i s that there are u s u a l l y 6 i n s t a r s 

during the development of b l a c k - f l y l a r v a e . P u r i (1925), 

on the b a s i s of morphological c h a r a c t e r s alone, was able to 

d i s t i n g u i s h 6 i n s t a r s during the development of both Simulium 

aureum F r i e s , and Simulium erythrocephalum Degeer. Most other 

workers have r e l i e d , at l e a s t i n p a r t , on biometric s t u d i e s f o r 

the separation of the i n s t a r s . That of T e r t e r j a n (1957), who 

e s t a b l i s h e d 6 i n s t a r s f o r Simulium (Wilhelmia) paraequina Puri.., 

i s p a r t i c u l a r l y notable f o r the b i o m e t r i c a l study of many of 

the l a r v a l s t r u c t u r e s from which he concluded that., of the 

measurements, the width of the head-capsule and the comparative 

dimensions of the antennal segments, give the best s e p a r a t i o n 

of the l a r v a l i n s t a r s . Grenier (1960) however r e l i e d more on 

morphological c h a r a c t e r s f o r the establishment of 7 i n s t a r s i n 

the development of Simulium damnosum Theobald l a r v a e , but he 

r e l i e d on measurements of the length of the mandible f or the 

sep a r a t i o n of the 5th and 6th i n s t a r l a r v a e . The use of 

good morphological c h a r a c t e r s i n the sep a r a t i o n of the i n s t a r s 

i s to be d e s i r e d s i n c e they are l e s s s u b j e c t to v a r i a t i o n due 



TABLE 8. The mean head-capsule widths of the i n s t a r s of 

P.hirtipes larvae and Growth Indices 

INSTAR 1 2 3 4 5 6 7 8 

Mean head-capsule 

width (divs.) 10 12 15.5 23 32 41 53 62.1 

Growth Index 1.20 1.29 1.48 1.39 1.28 1.29 1.17 
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to changing environmental c o n d i t i o n s . I t i s seldom i n 
biometric s t u d i e s that .the i n s t a r s can be completely separated 
and most workers have shown considerable overlapping between 
the i n s t a r s (Smart, 193^; T e r t e r j a n , 1957;- Grenier, 1960; 
Harrod, 196*0. The use of p r e l i m i n a r y biometric s t u d i e s i s 
however very u s e f u l i n i n d i c a t i n g the number of i n s t a r s and 
the mean head-capsule widths of t h e i r i n s t a r d i s t r i b u t i o n s . 
T h i s would be very u s e f u l as t h i s would enable groups of 
l a r v a e to be obtained for morphological study which w i l l be 
almost e n t i r e l y composed of l a r v a e of the same i n s t a r stage'. 

In t h i s study the r e v e r s e i s true s i n c e the only 

data a v a i l a b l e f o r the s e p a r a t i o n of a l l the l a r v a l i n s t a r s 

are the widths of the head-capsules, these having ...been discarded 

a f t e r measurement. .The purpose of the morphological study i n 

t h i s case i s to confirm the previous c o n c l u s i o n s drawn from the 

a n a l y s i s of the polymodal d i s t r i b u t i o n of the l a r v a l head-capsule 

width measurements1.' The morphological terms used i n t h i s account 

of the morphology of the l a r v a e are mainly those proposed by 

Crosskey (19.60). 

The morphology of 60 P . h i r t i p e s l a r v a e was s tudied, 

the s m a l l e r l a r v a e being obtained from Swindale Beck at l80m 

on 23 November 1968 and k January 1969, while the l a r g e r l a r v a e 

were c o l l e c t e d from the r i v e r Belah, Westmorland, on 11 May 1963 

and were k i n d l y provided by Dr. L. Davies. I n the case of the 

s m a l l e r l a r v a e i t was p o s s i b l e to examine a number of l a r v a e 

with the same head-capsule widths which corresponded to the 
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peaks of the polymodal d i s t r i b u t i o n s , but the smaller 
number of l a r g e r l a r v a e a v a i l a b l e n e c e s s i t a t e d the examination 
of l a r v a e over a range of head-capsule widths l y i n g w i t h i n the 
l a t e r i n s t a r d i s t r i b u t i o n s (Table 9 ) . 

The l a r v a l head widths had been p r e v i o u s l y determined, 

so the l a r v a e were decapitated and the head capsules c a r e f u l l y 

d i s s e c t e d . The l a r g e c e p h a l i c fans; '* the mandibles and 

m a x i l l a e ; the hvpostomium and the antennae were then mounted 

i n E u p a r a l under separate c o v e r s l i p s . The t h o r a c i c and 

abdominal s e c t i o n s of the l a r v a e were next c a r e f u l l y hydrated 

before the p o s t e r i o r attachment organ and a n a l s c l e r i t e were 

d i s s e c t e d out and mounted f l a t i n a water mounting medium. 

Thi s medium caused no hardening of the t i s s u e s and t h i s 

f a c i l i t a t e d the more e f f e c t i v e f l a t t e n i n g of the p o s t e r i o r 

attachment organ during mounting. The p a r t i c u l a r f e a t u r e s 

examined were the number of r a y s i n the l a r g e c e p h a l i c fans; 

the number of antennal j o i n t s and t h e i r proportions (Fig'.6H); 

the proportions of the mandibles (Fig,6J) together with the 

numbers of p r e a p i c a l spines and the number of tee t h on the 

i n n e r p r e a p i c a l ridge (Fig..6K); the proportions of the 

s c l e r o t i s e d region of the m a x i l l a r y palp ( F i g . 7 ) ; the number 

and arrangement of b r i s t l e s on the hypostomium together with 

the proportions of the hypostomial t e e t h ( F i g s . 7 and 8 ) ; 

the number of r a d i a l rows i n the p o s t e r i o r attachment organ 

and the number of hooks per row'. 
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Using a Baker microprc jec'tor and the mirror of 

a Camera Lucida the l a r v a l s t r u c t u r e s were p r o j e c t e d onto a 

sheet of drawing paper mounted on an i n c l i n e d board to avoid 

d i s t o r t i o n . A l l f e a t u r e s which were to be measured were 

f i r s t drawn and a f t e r p r o j e c t i o n of a m i l l i m e t e r s c a l e 

(O'.Olmm d i v i s i o n s ) onto the same sheet, measurements were 

made as shown i n the f i g u r e s . A l l the s m a l l e r f e a t u r e s , 

e s p e c i a l l y with the s m a l l e r l a r v a e , w e r e • c a r e f u l l y checked 

with the use of an o i l immersion l e n s (x 800). A f u l l r e cord 

of a l l the measurements and observations made r i i S i included i n 

Tables 10 (a) - ( f ) , which a l s o i n c l u d e some measurements of 

the next i n s t a r s t r u c t u r e s which were v i s i b l e i n some of the 

l a r v a e about to moult i n t o the next i n s t a r . The nomenclature 

•of the antennae i s the same as that used by Grenier (1960)^' 

The method of measurement of the antennae i s shown i n Fig.6H^ : 

Since the exact p o s i t i o n s of the antennal j o i n t s between the 

s e n s i l l a and j o i n t 3j and between j o i n t 3 and j o i n t 2, were 

not c l e a r and th e r e f o r e the measurements of j o i n t 3 r e f e r to 

the l e n g t h of the d a r k l y s c l e r o t i s e d region which was more 

r e a d i l y d i s c e r n i b l e . The d i s t a l end of j o i n t 2 was a l s o 

taken as the mid-point of a l i n e drawn between the bases of 

the more conspicuous spines between j o i n t s 3 and 2. The 

methods of measuring the mandibles, m a x i l l a e and hypostomial 

te e t h are i l l u s t r a t e d i n Figs.. 6J and 7. The r e l a t i o n s h i p s 

of the lengths of the c e n t r a l and l a t e r a l t e e t h of the 
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FIG. 6- ANTENNAE and MANDIBLES of Prosimulium hirtipes larvae: 

A-H: The growth of the Antennae from 1st. to 8 th. Instars 
I: Mandible of 7th. Instar larva. 
J : Mandible of 8th. Instar larva. 
K: Mandible tip of 8 th. Instar larva giving the nomenclature 

of the teeth and spines. 
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TABLE 10. 

Morphological Data for Prosimulium h i r t i p e s larvae 

10(a) 2nd I n s t a r larvae 

10(b) 3rd and 4th I n s t a r larvae 

10(c) 5th I n s t a r larvae 

10(d) 6th and 7th I n s t a r larvae 

10(e) 8th I n s t a r larvae 

10(f) Morphological data for following i n s t a r s from 

larvae about to moult 

A l l measurements, excluding the head-capsule width, 

are given i n microns. 

Measurements have been made on only one of each pair 

of paired structures, that having the best orientation being selected. 

Damaged or badly orientated structures are indicated by an 

a s t e r i s k . 

The proportions of the hypostomial teeth are summarized 

below each table; the nomenclature used follows that given i n 

Fig.7. 

L = Length W = Width 
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hypostomiurn d i f f e r from i n s t a r to i n s t a r and for ease of 

d e s c r i p t i o n the t e e t h have been numbered as i n F i g . 7 . 

The morphological study of the l a r v a e showed that 

the f i r s t , second, t h i r d , fourth and eighth i n s t a r s could be 

separated on the b a s i s of morphological c h a r a c t e r i s t i c s i n 

a d d i t i o n to t h e i r d i s t i n c t i o n on the b a s i s of head-capsule 

width, as follows :-

I n s t a r 1. Egg b u r s t i n g tooth present 

One antennal j o i n t i n a d d i t i o n to the s e n s i l l a 

No c e p h a l i c fans present 

One p a i r of b r i s t l e s present on the hypostomium 

I n s t a r -2'. Egg b u r s t i n g tooth absent 

Two antennal j o i n t s i n a d d i t i o n to the s e n s i l l a 

Cephalic fans are present 

One p a i r of b r i s t l e s present on the hypostomium 

I n s t a r 3- Three antennal j o i n t s i n a d d i t i o n to the s e n s i l l a , 

j o i n t 3 being longer than j o i n t 2 * j o i n t 1 

Two p a i r s of b r i s t l e s present on the hypostomium 

I n s t a r ^f. Three antennal j o i n t s i n a d d i t i o n to the s e n s i l l a , 

j o i n t 3 being s h o r t e r than j o i n t 2 + j o i n t 1 and 

j o i n t 2 i s longer than j o i n t 1 

Three p a i r s of ̂ b r i s t l e s present on the hypostomium 
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. I n s t a r 8. .Pupal r e s p i r a t o r y f i l a m e n t s are b l a c k when 
f u l l y developed 

Mandible i s elongated, the length being 2.14 -

2.29 x the width 

Large c e p h a l i c fan has 40-44 r a y s 

R a d i a l rows of hooks i n the p o s t e r i o r attachment 

organ have up to 15 or 16 hooks 

The above f e a t u r e s represent only the p r i n c i p a l morphological 

d i f f e r e n c e s , b u t . d i f f e r e n c e s i n the numbers of r a y s i n the 

l a r g e c e p h a l i c fan, the number of p r e a p i c a l spines on the 

mandibles, and the proportions of the hypostomial t e e t h 

provide a d d i t i o n a l evidence f o r the s e p a r a t i o n of the i n s t a r s . 

A number of second i n s t a r l a r v a e which were about to moult 

showed developing s k e l e t a l s t r u c t u r e s , p a r t i c u l a r l y the number 

of hooks i n the r a d i a l rows of hooks i n the p o s t e r i o r attachment 

organ, the number of p r e a p i c a l spines on the mandible, and the 

number of b r i s t l e s on the hypostomium which correspond with 

the f e a t u r e s of the t h i r d i n s t a r l a r v a . .. The changes i n the 

s t r u c t u r e of the antennae described by P u r i (1925) and a l s o 

noted by T e r t e r j a n (1957) and Grenier (1960) a l s o hold true 

f o r the f i r s t four i n s t a r s of P . h i r t i p e s . The numbers of 

p a i r s of b r i s t l e s on the hypostomium of P . h i r t i p e s l a r v a e 

however d i f f e r s from that described by Grenier f o r Simulium 

damnosum but agrees with T e r t e r j a n ' s observations of the 

l a r v a l i n s t a r s of S..(W.) paraequina for the. second to fou r t h 
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i n s t a r s , d i f f e r i n g only i n the presence of one p a i r of 

b r i s t l e s on the hypostomium of the f i r s t inst-ar l a r v a . 

The r e c o g n i t i o n of the f i n a l i n s t a r by the s e p a r a t i o n of 

the c e r v i c a l s c l e r i t e s from the post-occiput or c o l l a r , .as 

occurs i n s e v e r a l s p e c i e s of b l a c k - f l y l a r v a e and used by 

Grenier as one of the p r i n c i p a l f e a t u r e s by which he recognised 

the f i n a l (7th) i n s t a r of S.damnosum, does not occur i n the 

f i n a l (8th) i n s t a r of P . h i r t i p e s . 

Examination of the morphology of the f i f t h to 

seventh i n s t a r s did not provide as c l e a r evidence for t h e i r 

s e p a r a t i o n as was obtained f o r the other i n s t a r s . The s i x t h 

to eighth i n s t a r s do however show the p r o g r e s s i v e development 

of the pupal and imaginal h i s t o b l a s t s , no development of these 

h i s t o b l a s t s being noted i n the f i f t h i n s t a r l a r v a e examined. 

The stage of development of these h i s t o b l a s t s was not used 

fo r the s e p a r a t i o n of the s i x t h andsevaafeh i n s t a r s as there 

seemed to be no d i s t i n c t change between the i n s t a r s , but 

r a t h e r p r o g r e s s i v e development during the i n s t a r s . I f however 

a number of morphological c h a r a c t e r s are used, the f i f t h and 

seventh i n s t a r s can be separated with a good degree' of 

c e r t a i n t y . 

I n s t a r 5-' No evidence of imaginal or pupal h i s t o b l a s t s ; 

2k to 29 r a y s i n the l a r g e c e p h a l i c fan; 

6 - 8 p r e a p i c a l spines on the mandible ( u s u a l l y 7 ) ; 

•Length of the mandible .198mm to ,2kk mm; 



3 antennal j o i n t s i n a d d i t i o n to the s e n s i l l a . 

J o i n t 3 i s s h o r t e r than j o i n t 2 * j o i n t 1, 

j o i n t 2 + j o i n t 1 being 1.5 x to 2 x j o i n t 3. 

J o i n t 2 i s equal to or l e s s than j o i n t 3» 

3 - 4 p a i r s of b r i s t l e s on the hypostomium; 

Width of the hypostomial teeth ,049mm to ,060mm; 

The c e n t r a l tooth of the hypostomium exceeds the 

l a t e r a l t e e t h and c e n t r a l tooth l b i s equal i n 

length to l a t e r a l t e e t h l b ; The p o s t e r i o r 

attachment organ has 62 to 73 r a d i a l rows of 

hooks having 8 to 11 hooks per row; 

I n s t a r 7. The imaginal and pupal h i s t o b l a s t s are w e l l 

developed; 33-36 r a y s i n the l a r g e c e p h a l i c fan; 

7 - 9 p r e a p i c a l spines on the "mandible ( u s u a l l y 9 ) ; 

Length of the mandible .319mm to .388mm; 

3 antennal j o i n t s i n a d d i t i o n to the s e n s i l l a . 

J o i n t 2 +. j o i n t 1 i s approximately 2 x j o i n t 3. 

J o i n t 2 i s longer than j o i n t 3j 

4 - 5 p a i r s of b r i s t l e s on the hypostomium; 

Width of the hypostomial teeth '.070mm to .080mm; 

The c e n t r a l tooth of the hypostomium exceeds the 

l a t e r a l t e e t h and c e n t r a l tooth l b i s g r e a t e r than 

l a t e r a l t e e t h l b but sh o r t e r than l a t e r a l t e e t h 1. 

Protuberances l a are not present on e i t h e r the 

c e n t r a l tooth or the l a t e r a l t e e t h 1; 

The p o s t e r i o r attachment organ has 75-81 r a d i a l rows 

of hooks having 10 to 13 hooks per row. 



Only two 6th i n s t a r l a r v a e were c r i t i c a l l y examined and 

they showed a f f i n i t i e s to both the 5th and 7th i n s t a r l a r v a e . 

I n s t a r 6, The imaginal h i s t o b l a s t s are sma l l but c l e a r l y 

v i s i b l e ; 

27-31 r a y s i n . t h e l a r g e c e p h a l i c fan; 

7 - 9 p r e a p i c a l spines on the mandible; 

Length of the mandible ,286mm to ,288mm; 

3 antennal j o i n t s i n a d d i t i o n to the s e n s i l l a . 

J o i n t 3 i s s h o r t e r than j o i n t 2 + j o i n t 1!." 

J o i n t 2 + j o i n t 1 i s approximately 2 x j o i n t J>. 

J o i n t 2 i s longer than j o i n t 3; 

3 to ̂  p a i r s of b r i s t l e s on the hypostomium; 

Width of hypostomial t e e t h ,06lmm to ,062mm; 

The c e n t r a l tooth of the hypostoraium exceeds 

the l a t e r a l t e e t h and c e n t r a l tooth l b i s longer 

than l a t e r a l teeth l b but s h o r t e r than l a t e r a l 

t eeth 1. Protruberances l a are not present on 

e i t h e r the c e n t r a l tooth or l a t e r a l t e e t h 1; 

The p o s t e r i o r attachment organ has 75-79 r a d i a l 

rows of hooks having 9 to 12 hooks per row. 

Owing to the small number of l a r v a e examined, 

the e x i s t e n c e of the 6th i n s t a r cannot be e s t a b l i s h e d with 

c e r t a i n t y on the b a s i s of morphological c h a r a c t e r s . For 

the s e p a r a t i o n of t h i s i n s t a r we must r e l y on the evidence 

from the measurements of the head-capsule widths of a l a r g e 

number of l a r v a e . 



On the b a s i s of morphological c h a r a c t e r s , 

seven i n s t a r s ( 1 s t - 5th and 7th - 8th) can be d i s t i n g u i s h e d , 

thus confirming the presence of at l e a s t seven i n s t a r s . The 

presence of the remaining i n s t a r , the 6th i n s t a r , i s e s t a b l i s h e d 

mainly on evidence from the polymodal head-capsule width 

d i s t r i b u t i o n of the l a r v a e . The mean head-capsule width of 

the 5th i n s t a r corresponds with the peak a t 31 d i v s . i n the 

polymodal d i s t r i b u t i o n and the mean head-capsule width of 

the 8th i n s t a r i s that of the known f i n a l i n s t a r l a r v a , 

namely 62.1 d i v s . I t seems u n l i k e l y that only one i n s t a r 

should l i e between 31 d i v s . and 62.1 d i v s . s i n c e t h i s 

r e p r e s e n t s a doubling i n the width of the head-capsule and 

a l s o two peaks, a t 4l d i v s . and 53 d i v s . , occur i n the 

polymodal d i s t r i b u t i o n during t h i s i n t e r v a l . Of these two 

peaks, the peak a t 4l d i v s . i s the mo.re d i s t i n c t and therefore 

must represent the mean head-capsule width of a 6th i n s t a r . 

I t must be noted that the l a r v a e used f or the 

morphological examination were obtained from two d i f f e r e n t 

l o c a l i t i e s and developed under very d i f f e r e n t environmental 

c o n d i t i o n s . The sma l l e r l a r v a e , up to 37 d i v s . head-capsule 

width, were obtained from Swindal'e Beck during the Winter 

(Nov. 23 & Jan. 4) while the l a r g e r l a r v a e with head-capsule 

widths of 40 d i v s . and gr e a t e r were a l l obtained from the 

r i v e r Belah i n mid-May when many l a r v a e had already pupated. 

These l a r g e l a r v a e were thus biased towards being the l a s t or 



t a i l - e n d of the l a r v a e r e a c h i n g f u l l growth i n Spring and 

thus are l i k e l y to have grown r e l a t i v e l y rapidly'. There i s 

some evidence that the l a r v a e which develop q u i c k l y under 

c o n d i t i o n s of high water temperature f a i l to achieve head-

capsule widths as l a r g e as those of the l a r v a e developing 

more slowly under c o n d i t i o n s of low water temperature. 

The use of l a r v a e developing at such temperature extremes 

'was unfortunate because the point of overlap was i n the 

6th i n s t a r . The p o s i t i o n must be c l a r i f i e d a t a l a t e r 

date by the use of l a t e r i n s t a r l a r v a e from Swindale Beck 

obtained before pupation commences. 

The nature of the m a t e r i a l used i n the morphological 

study of the i n s t a r s was therefore l i k e l y to show some 

t e l e s c o p i n g of. dimensions of the l a t e r i n s t a r s , and, 

a l l o w i n g f o r t h i s , the e x i s t e n c e of 8 i n s t a r s , a l l - t o l d , 

seems most l i k e l y . 

l . E . ( i v ) Morphology of the f i r s t i n s t a r l a r v a of 

Prosimulium h i r t i p e s F r i e s . 

The opportunity i s taken at t h i s point of g i v i n g 

a b r i e f account of the f i r s t i n s t a r l a r v a of P . h i r t i p e s , 

s i n c e there are no records of the f i r s t i n s t a r l a r v a of 

t h i s s p e c i e s having -been found p r e v i o u s l y i n the B r i t i s h 

I s l e s . The l a r v a e c l o s e l y resemble the f i r s t i n s t a r 

l a r v a of a s p e c i e s of Prosimulium, probably P.fuscum 
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Syme 8e Davies, obtained by Davies (1960) from three 

streams to the north of Ottawa, Canada., i n October 1958, 

and I am indebted to 'Dr.- L. Davies for the i d e n t i f i c a t i o n 

of the B r i t i s h specimens. Two f i r s t i n s t a r l a r v a e were 

obtained from l80m i n Swindale Beck on 23 November 1968, 

one of which was subsequently l o s t during mounting. 

Since the only Prosimulium s p e c i e s known to occur i n t h i s 

stream, at t h i s a l t i t u d e , i s P . h i r t i p e s , i t can be assumed 

that these f i r s t i n s t a r l a r v a e are P . h i r t i p e s l a r v a e . 

The s i m i l a r i t y , both i n dimensions and morphology, 

to the Canadian l a r v a e i s very s t r i k i n g and only minor 

d i f f e r e n c e s can be seen. 

The general form of the l a r v a resembles that of 

the l a t e r i n s t a r s (Fig.9A) and has a length., i n c l u d i n g the 

head, of 0.9 to 1.0mm. The width of the head-capsule a t 

i t s broadest point near the p o s t e r i o r margin i s 0.l4mm and 

i n length i t measures 0.l8mm. The body pigmentation was 

l i g h t brown while the head capsule was only l i g h t l y 

s c l e r o t i s e d and was for the most p a r t l i g h t yellow i n c o l o u r . 

The p o s t e r i o r o c c i p i t a l regions and the post-occiput were 

d a r k l y pigmented producing a black ' c o l l a r ' while the oval 

region surrounding the egg-bursting tooth was a l s o d a r k l y 

pigmented. The 'T' shaped mandibular phragma produced a 

darker area extending to the antennal socket. 

Of the l e s s h e a v i l y s c l e r o t i s e d p a r t s of the body, 

l i t t l e was d i s c e r n a b l e without the use of a phase c o n t r a s t 
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Fig- 9- F I R S T INSTAR L A R V A of Prosimul ium h i r t ipes Fr ies. 

A. La tera l v iew of Ent i re la rva . B. Ventra l and C. Dorsal 
v i e w s of h e a d - c a p s u l e . D. H y p o s t o m i u m . 
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microscope, the a n a l g i l l s were however simple and three 
branched as i n the l a t e r i n s t a r s and the p o s t e r i o r 
attachment organ had 3 hooks i n each r a d i a l row but the 
number of rows could not be determined. 

The most conspicuous feature of the head capsule 

was the complete absence of the c e p h a l i c f a n s . The p o s t -

occiput and o c c i p i t a l regions are extended, as i n the f i r s t 

i n s t a r l a r v a e of other S i m u l i i d a e so t h a t they almost meet 

i n the midline l e a v i n g a narrow o c c i p i t a l c l e f t from which 

the sutures bounding the p o s t e r i o r region of the c e p h a l i c 

apotome extent a n t e r i o r - l a t e r a l l y forming a 'Y' shape. 

V e n t r a l l y (Fig.9B) the postgenal c l e f t i s shallow and 

r e c t a n g u l a r as i n the l a t e r i n s t a r s and the dark pigmentation 

of the c o l l a r does not extend onto the postgenal bridge''. 

The eye spots l i e near to the p o s t e r i o r margin of the head 

ca p s u l e . The antennae have one j o i n t which i s more l i g h t l y 

s c l e r o t i s e d than i n the l a t e r i n s t a r s with a c o n i c a l s e n s i l l a 

at the apex. The antennal socket i s surrounded by a l i g h t l y 

s c l e r o t i s e d extension of the mandibular phragma and i t 

c o n t a i n s two s e n s i l l a l y i n g near the base of the antenna. 

The mandible i s d a r k l y s c l e r o t i s e d a t the t i p 

( F i g . 1 0 ) where a curve s e r i e s of seven t e e t h are quite 

d i s t i n c t followed by two or three more sle n d e r s p i n e s . 

The m a x i l l a e were l e s s e a s i l y d i s t i n g u i s h e d but t h e i r general 

shape resembled that i n the l a t e r i n s t a r s . The two prominent 

spines i n the m a x i l l a r y comb of the l a t e r i n s t a r s were not v i s i b l e . 



FIG. 10. DORSAL VIEW OF THE H E A D - C A P S U L E OF THE FIRST INSTAR LARVA 

OF Prosimulium hirtipes Fries. 
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The labrum was w e l l developed (F i g . 1 0 ) as noted, 
by Davies (1960) although i n the specimen i t appeared to 
be s l i g h t l y r e t r a c t e d near the apex. On t h i s s e c t i o n of 
the labrum Davies noted three p a i r s of b r i s t l e s , the hindmost 
of which had conspicuous s o c k e t s . .In the f i r s t i n s t a r l a r v a 
of P . h i r t i p e s only the hindmost of these three p a i r s of 
b r i s t l e s i s p r e s e n t . The uppermost two-branched median 
p l a t e a t the extreme f r o n t end of the .'.labrum, described by 
Davies, i s a l s o c l e a r l y v i s i b l e ( F i g . 1 0 ) , with a diatom 
attached. The remaining d e t a i l s of the labrum and hypo-
pharynx were not s u f f i c i e n t l y c l e a r to allow accurate 
d e s c r i p t i o n . 

The hypostomium has seven p r i n c i p a l t e e t h as i n 

the l a t e r i n s t a r s , one c e n t r a l and three l a t e r a l p a i r s . 

The c e n t r a l tooth however exceeds the l a t e r a l teeth "1", 

thus d i f f e r i n g from the arrangement of the tee t h i n the 

second i n s t a r l a r v a where the c e n t r a l tooth i s equal to 

or l e s s than l a t e r a l teeth " l c " ' . The general shape of 

the hypostomium appears to be more r e c t a n g u l a r than i n the 

l a t e r i n s t a r s and l i k e the second i n s t a r i t c a r r i e s a s i n g l e 

p a i r of b r i s t l e s . 

The l a r g e r number of i n s t a r s i n the development of 

P . h i r t i p e s ' l a r v a e (than i s u s u a l l y found during the 

development of the l a r v a e of other genera) may be a s s o c i a t e d 

with the more p r i m i t i v e p o s i t i o n of t h i s genus (Davies, 1960) 

as exemplified by the s t r u c t u r e of the f i r s t i n s t a r l a r v a . 



I . E . ( v ) Establishment of the i n s t a r head-capsule 

width ranges f or the sep a r a t i o n of the data 

i n t o i n s t a r s 

Having e s t a b l i s h e d the presence of eigh t i n s t a r s 

i t i s now p o s s i b l e to e f f e c t the sep a r a t i o n of the i n s t a r s 

on the b a s i s of t h e i r head-capsule width. The mean head-

capsule widths of each i n s t a r d i s t r i b u t i o n can be obtained 

from the polymodal d i s t r i b u t i o n , then knowing the maximum 

number of l a r v a e with the mean head-capsule width and 

assuming a d e v i a t i o n from the mean, equal to the number of 

d i v i s i o n s between the mean head-capsule width of the i n s t a r 

and the mean head-capsule width of the i n s t a r above, normal 

d i s t r i b u t i o n curves f o r the l a r v a l head-capsule widths of 

each i n s t a r , c a n be constructed ( F i g . 5 ) . The p o i n t s a t 

which these d i s t r i b u t i o n curves overlap provide the l i m i t s 

of the head-capsule width range f o r each l a r v a l instar'. 

I t i s recognised that a small proportion of the l a r v a e w i l l 

be a t t r i b u t e d to the wrong i n s t a r , however, when s e v e r a l 

i n s t a r s are present these e r r o r s w i l l be s e l f compensating 

(i'.e'. j u s t as many l a r v a e from the lower i n s t a r w i l l be 

wrongly a t t r i b u t e d to the i n s t a r above, as l a r v a e from the 

higher i n s t a r w i l l be wrongly a t t r i b u t e d to the i n s t a r 

below)f." 
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The l a r v a l i n s t a r s of P . h i r t i p e s were thus 

separated as shown i n Table 11. 

The c a l c u l a t i o n of the Growth Index (Table 12) between 

the d i f f e r e n t i n s t a r s r e v e a l s that there i s no constant r e l a t i o n ­

s h i p between the d i f f e r e n t i n s t a r s . T h i s might be expected as 

these l a r v a e did not develop under c o n t r o l l e d experimental 

c o n d i t i o n s , the environmental c o n d i t i o n s experienced by the e a r l y 

i n s t a r l a r v a e which mostly develop during the colder months being 

very d i f f e r e n t from the warm environmental c o n d i t i o n s experienced 

by the l a t e r i n s t a r l a r v a e during t h e i r development i n the Spring. 

I n c a l c u l a t i o n of the Growth Index, the Growth I n d i c e s between the 

e a r l i e r i n s t a r l a r v a e w i l l be s u b j e c t to a higher degree of e r r o r 

s i n c e the u n i t f o r measuring the head-capsule width (1 d i v i s i o n = 

l/19mm) i s equal to l / 3 r d of the d i f f e r e n c e between the mean head-

capsule widths of the 1 s t and 2nd i n s t a r l a r v a e , while i t i s equal 

to only 1/I2th of the d i f f e r e n c e between the mean head^capsule 

widths of the 6th and 7th i n s t a r l a r v a e . 

I t can however be seen that the growth o c c u r r i n g 

between the e a r l i e r i n s t a r s ( l s t to 5th) i s on average g r e a t e r 

than that o c c u r r i n g between the l a t e r i n s t a r s (5th to 8th) and 

that the s m a l l e s t growth index was obtained f o r growth' between 

the penultimate and f i n a l i n s t a r l a r v a e . S i m i l a r 

p a t t e r n s of development are shown i n the data of both 

T e r t e r j a n (1957) and Grenier (1960) f or which the 



TABLE 11. The l a r v a l head-capsule width ranges ( d i v i s i o n s ) 

for the separation of the data into i n s t a r s 

Maximum Minimum 
Mean Head-capsule Head-capsule Head-capsule 

I n s t a r Width Width Width 

1 10.0 (assumed) 10.0 not known 

2 12.0 12.0 11.0 

3 15.5 16.0 13.0 

4 23.0 26.0 17.0 

5 32.0 35.0 27.0 

6 41.0 45.0 36.0 

7 53.0 57.0 46.0 

8 62.1 76.0 58.0 



TABLE 12. Calculated Growth Indices for Simulium (Wilhelmia) 

paraequina, Simulium damnosum and Prosimulium 

h i r t i p e s 

I n s t a r 

S.(Wilhelmia) paraequina Puri S.damnosum Theo. P.hirtipes F r i e s , 
( a f t e r Terterjari, A.E. 1957) (k f t e r Grenier P. } 

& Feraud, 1960)' 

Head width Head width 
immediately 

a f t e r 
moulting 

Mandible length Head-capsule 
width 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

5 to 6 

6 to 7 

7 to 8 

1.76 

1.47 

1.50 

1.30 

1.32 

1.60 

1.78 

1.28 

1.19 

1.56 

1.37 

1.40 

1.33 

1.38 

1.23 

(6 i n s t a r s ) (6 i n s t a r s ) (7 i n s t a r s ) 

1.20 

1.29 

1.48 

1.39 

1.28 

1.29 

1.17 

(8 i n s t a r s ) 
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Growth i n d i c e s have been c a l c u l a t e d (Table 1 2 ) . The 
i n c r e a s e i n the length of the mandible of S.damnosum 
shows a very s i m i l a r p a t t e r n of growth, whi l e that of the 
i n c r e a s e i n the head-capsule width of S.(W.)paraequina i s 
a l s o s i m i l a r to the growth of P . h i r t i p e s l a r v a e , except 
that the proportionate growth between the penultimate and 
f i n a l i n s t a r s i s s l i g h t l y g r e a t e r than between the kth and 
pe n u l t i n a t e i n s t a r which i s not to be expected. The Growth 
I n d i c e s c a l c u l a t e d from measurements of the head-capsule 
widths of - S-. (W. )paraequina immediately , a f t e r moulting however 
show a decrease i n the proportionate growth between the 
penultimate and f i n a l i n s t a r s . 

l . E . ( v i ) Measurement of l a r v a l development usi n g the 

Percentage Change Index 

Using the p r e v i o u s l y determined head-capsule width 

ranges f o r the d i f f e r e n t i n s t a r s of P . h i r t i p e s l a r v a e , the 

numbers of each i n s t a r l a r v a e i n the samples obtained from 

Swindale Beck, 1956-57, were determined.. They were then 

expressed as a percentage of the t o t a l l a r v a e i n each sample 

to enable the comparison of the i n s t a r composition of the 

samples obtained on d i f f e r e n t dates and a t d i f f e r e n t 

a l t i t u d e s during the season. The i n s t a r composition of 

a l l the samples obtained throughout the season, 1956-57, 

a t three a l t i t u d e s • (l80m, 300m and k30m) i n Swindale Beck 
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i s shown i n Fig.11. The samples u s u a l l y contained 

l a r v a e of s e v e r a l d i f f e r e n t i n s t a r s , 70$' of the samples 

having k or more i n s t a r s . These histograms show c l e a r l y 

the i n s t a r composition of each sample and how t h i s changes 

as the season progresses, the s m a l l e r i n s t a r l a r v a e being 

more numerous at the beginning of the season and only the 

l a r g e r i n s t a r l a r v a e being present at the end of the season. 

At 300m, where the hatching was more uniform, the changes 

from the s m a l l e r to the l a r g e r i n s t a r l a r v a e are most r e g u l a r . 

The changes at l80m follow a l e s s r e g u l a r p a t t e r n almost 

forming two separate groups of i n s t a r s , the p a r a l l e l 

development of which can be followed throughout the season.. 

T h i s was due., as has been p r e v i o u s l y mentioned, to the 

occurrence of d i s t i n c t e a r l y and l a t e p e r i o d s of hatching. 

The samples from ^Om show s t i l l l e s s r e g u l a r changes i n 

t h e i r i n s t a r composition due mainly to e r r o r s a r i s i n g from 

the s m a l l s i z e s of the samples e a r l y i n the season. The 

p a t t e r n of l a t e r development a t t h i s a l t i t u d e i s s i m i l a r 

to that o c c u r r i n g at l80m and 300m. 

Knowing the i n s t a r composition of each sample 

i t i s now p o s s i b l e to obtain a measure of the development 

between the s u c c e s s i v e sampling dates by c a l c u l a t i n g the 

Percentage Change Index-v. T h i s i s done by f i r s t e x p r e s s i n g 

the number of l a r v a e i n each i n s t a r of a sample as a per­

centage of the whole-sample and then ta k i n g two s u c c e s s i v e 

samples and.determining the percentage of the l a r v a e which 
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have apparently moved from lower to higher i n s t a r s . I f a l l 
the l a r v a e move to the next i n s t a r above then 100% change has 
occurred and s i n c e there are seven moults ( e i g h t i n s t a r s ) the 
maximum change which could occur during the season would be 
700%'. I n t h i s study the maximum change w i l l be 600% as no 
f i r s t i n s t a r l a r v a e were obtained i n the 1956-57 samples. 
An example of the c a l c u l a t i o n i s given below. 

I n - Percentage of sample 
s t a r i n each i n s t a r 

Sample Sample (taken 1 week l a t e r ) 
B 

8 0 0 0 
7 0 10 + 10 • 10+10+10-10-10±0-10 l a r v a e moved up = o%. 
r 
0 10 10 * 0 • 10+10+10-10-10-0 l a r v a e moved up = 10%. 
5 10 20 + 10 • 10+10+10-10-10 l a r v a e moved up — 10%. 
h 20 30 + 10 • .10+10+10-10 l a r v a e moved up = 20%. 
3 30 20 - 10 * .10+10+10 l a r v a e moved up — 30%. 
2 20 10 - 10 • 10+10 l a r v a e moved up = 20%. 
1 10 0 - 10 • • 10 l a r v a e moved up = 10%. 

100%. 

. The t o t a l %" change = 100%" i n 7 days ( i . e . a l l l a r v a e have moved 

up 1 i n s t a r ) 

. T h e D a i l y % change = 1^.3% : per day 

The D a i l y %"change and the Cumulative % change 

between the s u c c e s s i v e samples from the three a l t i t u d e s 

(l80m, 300m and *f30m) i n Swindale Beck were c a l c u l a t e d and 

are given i n Table 13.. A l l the c a l c u l a t i o n s did not fol l o w 
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the above p a t t e r n but, due to e r r o r s a r i s i n g from the 
a d d i t i o n to the sample of newly hatched l a r v a e or the removal 
of l a r v a e from the sample due to pupation, a c e r t a i n percentage 
change could not be accounted f o r on the b a s i s of the growth of 
l a r v a e to the i n s t a r above. The t o t a l percentage change which 
cannot be accounted f o r i n each c a l c u l a t i o n are given i n 
Tables 13(a) and ( b ) . These i n a c c u r a c i e s occurred p r i n c i p a l l y 
i n the c a l c u l a t i o n s f o r the l80m samples during the l a t e r period 
of hatching and for the samples a t ̂ 30m where only s m a l l samples 
were a v a i l a b l e . 

The d a i l y percentage change shows l a r g e f l u c t u a t i o n s 

throughout the sampling period v a r y i n g from a minimum of 0.6% 

per day to a maximum of 7.1% per day. . I t appears then t h a t 

a t no time during the sampling period were the environmental 

c o n d i t i o n s preventing development of the l a r v a e , but they 

caused great v a r i a t i o n s i n the extent of the development. 

Examination of the histograms of the d a i l y percentage change 

(F i g . 1 2 ) shows tha t the p a t t e r n of development a t the d i f f e r e n t 

a l t i t u d e s i s s i m i l a r i n many r e s p e c t s . T h i s suggests th a t the 

f l u c t u a t i o n s i n the d a i l y percentage change are not random 

f l u c t u a t i o n s but are the r e s u l t of one or more environmental 

f a c t o r s which have s i m i l a r e f f e c t s a t a l l three a l t i t u d e s . 

The g r e a t e s t s i m i l a r i t y occurs between the f i r s t f i v e samples 

at l80m and 300m. The s i m i l a r i t i e s between the d a i l y 

percentage change a f t e r 30 January 1957 at these a l t i t u d e s i s 
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l e s s marked and c o i n c i d e s with the occurrence of a l a r g e 
number of smaller l a r v a e i n the 19 February 1957 sample at 
l80m r e s u l t i n g from the l a r g e l a t e hatch a t t h i s a l t i t u d e . 
T h i s a l s o accounts f o r the l a r g e percentage change which 
cannot be accounted f o r i n the c a l c u l a t i o n of the d a i l y 
percentage change between the 30 January 1957 and 19 February 
1957 samples at l80m. At 300m where the hatching occurred 
more evenly, the e f f e c t on the d a i l y percentage change was 
l e s s marked. 

'I n order to obtain a t r u e r p i c t u r e of the d a i l y 

percentage change at l80m, i t i s necessary to apply a 

c o r r e c t i o n which w i l l reduce the i n a c c u r a c i e s r e s u l t i n g from 

the l a t e hatch. Examination of the head-capsule width 

d i s t r i b u t i o n s of the i n d i v i d u a l samples at l80m ( F i g . h ) 

shows that two almost separate d i s t r i b u t i o n s are present, 

one derived from the e a r l y hatch and the second derived from 

the l a t e hatch. The two d i s t r i b u t i o n s were separated as 

a c c u r a t e l y as p o s s i b l e and f o r c l a r i t y the second d i s t r i b u t i o n 

has been shaded. The l a r v a e derived from the second hatch 

appear as second and t h i r d i n s t a r s i n the 15 January 1957 

sample. The l a r v a e derived from the f i r s t Autumn hatch 

reach the l a s t i n s t a r by 8 March 1957. The proportion of 

l a s t i n s t a r l a r v a e f a l l s i n the 15 A p r i l 1957 sample, r i s i n g 

again i n the sample taken on 25 A p r i l 1957 with the appearance 

i n the l a s t i n s t a r of l a r v a e derived from the second hatch'. 

T h i s s e p a r a t i o n i n the numbers of l a s t i n s t a r l a r v a e provides 
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a d d i t i o n a l evidence that the two hatches remain reasonably-

separate throughout t h e i r development.. C o r r e c t i o n s were 

made to a l l d a i l y percentage changes between the samples a t 

l80m which contained l a r v a e from both hatches (15 January 1957 

to 5 A p r i l 1957 samples). The c o r r e c t i o n s to the d a i l y 

percentage changes between these samples were made i n the 

fo l l o w i n g way .:-

30 Jan. 57 

19 Feb. 57 

EARLY'HATCH 

Number of D a i l y %. 
l a r v a e .Change 

172 

3.5 

93 

26"5 

LATE HATCH 

Number of D a i l y % 
l a r v a e Change 

50 

3.1 

331 

381 

Di f f e r e n c e between the D a i l y percentage changes = 0.4%. 
•2Q-1 

.".. .Average of D a i l y percentage changes = 3.5 - (0.4 x. 

= 3V3%-

I t i s b a s i c a l l y the average of the d a i l y percentage changes 

fo r the e a r l y and l a t e hatches which i s adjusted i n proportion 

to the numbers of l a r v a e present i n these hatches. The d a i l y 

percentage changes f o r the separate hatches and the c o r r e c t e d 

d a i l y percentage change at l80m are a l s o given i n Table 13(a) 

and are shown as histograms i n Fig.13. 
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Since the hatching at 300m was continuous, the 
histograms of the head-capsule widths of the separate samples 
at t h i s a l t i t u d e (Fig.^f) show no sep a r a t i o n i n t o two hatches 
and therefore a s i m i l a r c o r r e c t i o n i s unnecessary. The 
e f f e c t of the hatching w i l l t herefore s l i g h t l y reduce the 
val u e s for the d a i l y percentage change. The c o r r e c t e d 
values f or the d a i l y percentage change at l80m show a much 
improved c o r r e l a t i o n with the values obtained f o r 300m. 

l . F . Measurement of Stream Temperatures 

The water temperature was the only environmental 

f a c t o r s t u d i e d . .During the period of study the water 

temperature was recorded when each sample was obtained, 

u s i n g a mercury i n g l a s s thermometer graduated to 0.1°C. 

At the time of each reading the thermometer bulb was h e l d 

i n the r a p i d water and shaded from the sun.. .The readings 

for Swindale Beck, 1956-57, are given i n Table 14. .All the 

readings were made between 11.00 - 15..00hrs i n the same 

sequence, the higher a l t i t u d e temperatures being taken f i r s t . 

A temperature gradient which decreases with i n c r e a s i n g a l t i t u d e 

was evident f o r most of the sampling period except i n the e a r l y 

Spring when the temperature a t 300m sometimes exceeded th a t a t 

l80m.. 

I n order to obtain more d e t a i l e d and r e l i a b l e stream 

water temperature data, two Cambridge m e r c u r y - i n - s t e e l 



TABLE 14 Stream temperatures (°C) i n Swindale Beck, 1956-57 

22 Nov. 56 

19 Dec. 56 

8 Jan. 57 

15 Jan. 57 

30 Jan. 57 

19 Feb. 57 

8 Mar. 57 

23 Mar. 57 

5 Apr. 57 

15 Apr. 57 

25 Apr. 57 

4 May 57 

15 May 57 

180m 

2.5 

5.2 

7.8 

1.6 

4.8 

2.1 

7.0 

8.2 

11.8 

8.3 

9.2 

11.4 

9.7 

300m 

2.0 

4.7 

7.2 

0.4 

4.1 

0.6 

6.5 

8.7 

7.4 

11.5 

13.2 

430m 

0.9 

4.2 

6.9 

0.1 

3.4 

0.2 

5.5 

6.5 

8.5 

5.8 

7.4 

11.0 

9.1 



60 

thermographs were s e t up on 8 January 1957 at two s t a t i o n s on 

Swindale Beck. One was s i t u a t e d at 150m while the other was 

adjacent to the stream at kOOm, . The 6 i n c h thermograph bulbs 

were placed i n the shade i n r a p i d deep water and they were never 

exposed to the a i r during t h e i r period of operation. The thermographs 

were checked a t 1 to 2 week i n t e r v a l s a g a i n s t a mercury thermometer 
+ o 

and gave c o n s i s t e n t readings d i f f e r i n g from the thermometer by -0.3 C. 

The hourly thermograph readings were c o r r e c t e d to correspond with the 

s i n g l e thermometer used f o r checking both instruments. Due to a 

mechanical d e f e c t the c l o c k of the thermograph at A-OOm o c c a s i o n a l l y 

stopped before the chart was due to be changed and, i n a l l , i t was 

out of operation for 18% of the time (23 days out of 127 d a y s ) . 

The thermograph a t 150m functioned continuously throughout the 

p e r i o d . 
o 

The thermal sum above 0 C was obtained from the 

thermograph readings and the thermal sum for the short periods 

when the kOOm thermograph was out of operation was estimated 

on the assumption that the hourly water temperatures a t 400m 

bore the same r e l a t i o n s h i p to those at 150m as during the 

previous seven to twelve days when.both instruments were 

working. There i s no reason to b e l i e v e that the e s t i m a t i o n 

of these thermal sums at kOOm. introduced s u f f i c i e n t e r r o r to 

i n v a l i d a t e the conclusions drawn from the r e s u l t s . The 

thermal, sums f o r the periods between samples and the cumulative 

thermal sums are given i n Table 15. The temperature data 

obtained from the thermographs at 150m and 400ra w i l l approximate 



TABLE 15 The thermal sums (degree hours above 0°C) between the 

sampling dates and the cumulative thermal sum, 

Swindale Beck, 1956-57 

150m 400m 

1957 

Therm. Sum 
between 
Samples 

Cumulative 
Therm. 
Sum 

Therm. Sum 
between 
Samples 

Cumulative 
Therm. 
Sum 

8-15 Jan 529 

15-30 Jan 1388 

30Jan-19Feb 1965 

19Feb- 8Mar 1526 

8-23 Mar 2878 

23Mar-5Apr 2225 

5-15 Apr 1395 

15-25Apr 1780 

25Apr-4May 1896 

4May-15May 2112 

529 

1918 

3883 

5408 

8286 

10511 

11906 

13686 

15582 

18525 

412 

850 

1515 

860 

2279 

1804 

1044 

1472 

1662 

1696 

412 

1262 

2777 

3637 

5915 

7719 

8763 

10236 

11898 

13594 



v e r y c l o s e l y t o the water t e m p e r a t u r e regimes a t the l80m 

and VjOm sampling s i t e s r e s p e c t i v e l y . . The wa t e r t e m p e r a t u r e 

regime a t 300m i s t a k e n as b e i n g h a l f w a y between t h a t a t 150m 

and f̂OOm.,- an assumption which i s a p p r o x i m a t e l y t r u e i n view 

o f t h e temp e r a t u r e r e a d i n g s g i v e n i n Table Ik, 

The thermograph w a t e r t e m p e r a t u r e r e a d i n g s a t 400m 
o 

were u s u a l l y 0.2 - 1.0 G.' l o w e r than a t 150m, o n l y on f o u r 

o c c a s i o n s , i n S p r i n g , were t h e d a i l y maximum t e m p e r a t u r e s 

h i g h e r a t kOOm t h a n a t 150m. The d a i l y t h e r m a l sum was 

however always g r e a t e r a t 150m, t h e c u m u l a t i v e t h e r m a l sum 

f o r t h e p e r i o d f r o m 8 January 1957 t o 15 May 1957 b e i n g 

17 j.693'.^0HI above 0°G, w h i l e a t 400m f o r t h e same p e r i o d 
*•• o o "• i t was o n l y 13,593.° H above 0 C. An e s t i m a t e o f the ' i 

c u m u l a t i v e t h e r m a l sum a t 300m w i l l t h e r e f o r e be 15,643 E 

above 0°C.., i'..e'. 

1 3 f 5 9 3 + -17693^ - 13593.6 ^ ^ 

The g e n e r a l p a t t e r n o f stream t e m p e r a t u r e s 

corresponds w e l l w i t h t h a t d e s c r i b e d by Macan (1958). 

The ' w i n t e r p e r i o d * d u r i n g January and Febr u a r y was a ti m e 

when t h e wat e r t e m p e r a t u r e s were a t t h e i r l o w e s t w i t h l i t t l e 

g e n e r a l tendency t o r i s e ( F i g . I k ) w h i l e t h e ' s e c o n d - p e r i o d 1 

w h i c h Macan d e l i m i t s as from j u s t b e f o r e t h e Equinox (Mar..20) 

t o j u s t a f t e r t h e S o l s t i c e (June 21) i s a p e r i o d o f i n c r e a s i n g 

t e m p e r a t u r e s , t h e f i n e weather p r o d u c i n g l a r g e t e m p e r a t u r e 

f l u c t u a t i o n s . The w i n t e r o f 1956-57 was the m i l d e s t o f t h e 



Fig. 14. Histogram showing the Daily / Change Index (corrected) for 
P hirtipes larvae at 180m in Swindale Beck, 1957, and the Daily 
Max. and Min. stream temperature ranges. 
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y e a r s 195^-57 (Macan) and t h e w a t e r t e m p e r a t u r e s showed 

an e a r l i e r r i s e a t t h e end o f Feb r u a r y . .The wat e r 

t e m p e r a t u r e f i r s t reached 10°C a t 150m and 400m i n 

Swindale Beck on 11 March 1957 which was one day e a r l i e r 

t h an n o t e d by Macan d u r i n g t h e same year f o r Outgate Beck, 

a s m a l l s t o n y stream near Ambleside, Westmorland. Two p e r i o 

o f p a r t i c u l a r l y low wat e r t e m p e r a t u r e s o c c u r r e d d u r i n g t h e 

' w i n t e r - p e r i o d ' on Ik and 15 January 1957 and from 18 t o 

23 February 1957. D u r i n g t h e l a t t e r p e r i o d t h e minimum 
o Q t e m p e r a t u r e reached 0 G on two su c c e s s i v e days a t 180m. 

The w a t e r t e m p e r a t u r e s rose s t e a d i l y f r o m 2h February 1957 

a t l80m, r e a c h i n g maximum t e m p e r a t u r e s o f 12.1°C, 13.1°G 
o 

and 11.5 G on t h e 1 1 , 12 and 13 March 1957 r e s p e c t i v e l y . 

For t h e remainder o f t h e p e r i o d t h e t e m p e r a t u r e s remained: 

h i g h , the maximum w a t e r t e m p e r a t u r e exceeding 8.0°C. on 52 

o f t h e 62 days. The stream w a t e r t e m p e r a t u r e s a t kOOm 

f o l l o w e d a s i m i l a r p a t t e r n o f f l u c t u a t i o n b u t were r e l a t i v e l y 

c o l d e r . 

l.G. D i s c u s s i o n o f t h e r e l a t i o n s h i p between development 

(as measured by t h e percentage change) o f the l a r v a e 

and t h e w a t e r t e m p e r a t u r e 

A' comparison o f t h e development o f the l a r v a e , 

as r e p r e s e n t e d by t h e Cumulative Percentage Change, and 

•t h e ' r o v e r a l l w a t e r t e m p e r a t u r e , as r e p r e s e n t e d by t h e 

Cumulative Thermal Sum (degree hours above 0°C), can be seen 



i n Fig.15 f o r b o t h l80m and 300m i n Swindale Beck, 1956-57. 

The Cumulative Percentage Change between the samples a t l80m 

has been c o r r e c t e d t o compensate f o r t h e two hatches and the 

curve produced shows a q u i t e remarkable f i t t o the curve f o r 

the Cumulative Thermal Sum^at t h i s a l t i t u d e . T h i s shows t h a t 

t h e development o f the l a r v a e , as measured by the changes 

between t h e i n s t a r s , i s v e r y c l o s e l y a s s o c i a t e d w i t h t h e 

o v e r a l l e n v i r o n m e n t a l t e m p e r a t u r e . The curve o b t a i n e d f o r 

the Cumulative Percentage Change a t 300m does n o t show such 

a good f i t b u t t h i s m ight be expected s i n c e t h i s curve c o u l d 

n o t be c o r r e c t e d t o compensate f o r t h e c o n t i n u e d h a t c h i n g . 

These e r r o r s are t h e r e f o r e p a r t i c u l a r l y a s s o c i a t e d w i t h t h e 

e a r l y p a r t o f t h e c u r v e . .In the l a t t e r p a r t o f the cur v e s 

the l a r v a e d e v e l o p i n g i n t h e h i g h e r w a t e r t e m p e r a t u r e s a t 

l80m show a g r e a t e r percentage change t h a n those d e v e l o p i n g 

i n t h e lower w a t e r t e m p e r a t u r e s a t 300m and achieve t h e i r 

maximum development a t an e a r l i e r d a t e . 

The use o f c u m u l a t i v e c u r v e s , a l t h o u g h p r o v i d i n g 

a means o f comparing t h e o v e r a l l development o f t h e l a r v a e 

w i t h t h e o v e r a l l w a t e r t e m p e r a t u r e s e x p e r i e n c e d by t h e l a r v a e 

a t t h e d i f f e r e n t a l t i t u d e s , does n o t a l l o w any p r e c i s e 

comparisons t o be made . more p r e c i s e comparison can be 

made i f t h e d a i l y percentage change between t h e sam p l i n g 

d a t e s i s compared d i r e c t l y w i t h t h e t h e r m a l sum above 0°C 

f o r t h e same p e r i o d ( F i g s . 12 & 13)- When examined i n t h i s 

way i t can be seen t h a t i n g e n e r a l , d u r i n g p e r i o d s o f low 
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w a t e r t e m p e r a t u r e s , l e s s development o c c u r s , w h i l e i n 

p e r i o d s o f h i g h w a t e r t e m p e r a t u r e s t h e development i s 

a c c e l e r a t e d . T h i s i s p a r t i c u l a r l y w e l l demonstrated i n 

the p e r i o d between 8 January 1957 - 15 January 1957 when 

the l o w e s t average d a i l y t h e r m a l sum^ f o r t h e p e r i o d when 

thermograph t e m p e r a t u r e s were t a k e n , was r e c o r d e d a t 150m. 

T h i s corresponded w i t h t h e l o w e s t d a i l y percentage change 

f o r t h e l a r g a e a t b o t h l80m and 300m. A comparison w i t h 

the same p e r i o d a t ̂ Om i s n o t p o s s i b l e s i n c e t h e l a r v a l 

samples were t o o s m a l l u n t i l 15 January 1957 a t t h i s a l t i t u d e . 

A l t h o u g h t h e p e r i o d s w i t h h i g h e r average d a i l y t h e r m a l sums 

i n g e n e r a l corresponded w i t h those w i t h h i g h d a i l y p e rcentage 

changes, t h e amount by which t h e d a i l y p e r c e n t a g e change 

i n c r e a s e d was n o t always p r o p o r t i o n a t e l y r e l a t e d t o the 

amount by which t h e average d a i l y t h e r m a l sum i n c r e a s e d 

and .in some i n s t a n c e s the average d a i l y percentage change 

d e c l i n e d w h i l e t h e average d a i l y t h e r m a l sum i n c r e a s e d . 

The r e l a t i o n s h i p was however t e s t e d f o r t h e p e r i o d s when 

tem p e r a t u r e d a t a was a v a i l a b l e by c a l c u l a t i n g t h e C o r r e l a t i o n 

C o e f f i c i e n t s between t h e t o t a l p ercentage change f o r each 

p e r i o d between s a m p l i n g and the t h e r m a l sum f o r t h e same 

p e r i o d s , a t t h r e e a l t i t u d e s (l80m, 300m and V50m). At 

l80m t h e C o r r e l a t i o n C o e f f i c i e n t = 0.755., w h i c h w i t h 7 degrees 

o f freedom i s s i g n i f i c a n t a t the .02 l e v e l o f s i g n i f i c a n c e . 

At 300m the C o r r e l a t i o n C o e f f i c i e n t = 0.532, which w i t h 

8 degrees o f freedom i s n o t s i g n i f i c a n t a t the . 1 0 . l e v e l 



o f s i g n i f i c a n c e . (The .10 l e v e l o f s i g n i f i c a n c e f o r 

8 degrees o f freedom =• '.549.) At 430m t h e C o r r e l a t i o n 

C o e f f i c i e n t = 0.377 which w i t h 6 degrees o f freedom i s 

not s i g n i f i c a n t a t th e .10 l e v e l o f s i g n i f i c a n c e . -(The 

.10 l e v e l o f s i g n i f i c a n c e f o r 6 degrees o f freedom = .622.) 

A- s i g n i f i c a n t c o r r e l a t i o n t h e r e f o r e e x i s t s between t h e 

development o f P . h i r t i p e s l a r v a e . a n d t h e o v e r a l l w a t e r 

t e m p e r a t u r e t o which t h e l a r v a e are exposed f o r t h e g r e a t e r 

p a r t o f t h e i r development p e r i o d a t l80m i n Swindale Beck. 

At t h e h i g h e r a l t i t u d e s (300m and 430m) t h e c o r r e l a t i o n i s 

no t s i g n i f i c a n t w h ich w i l l be due i n p a r t t o the u n c o r r e c t e d 

e r r o r s due t o h a t c h i n g a t 300m and the s m a l l e r numbers o f 

l a r v a e i n the samples a t 400m. However, t h e absence o f a 

p r e c i s e c o r r e l a t i o n , e s p e c i a l l y a t th e h i g h e r a l t i t u d e s , i s 

not unexpected s i n c e t h e development o f the l a r v a e i s n o t 

u n i f o r m b u t occurs i n seven s t e p s or m o u l t s . L e t us assume 

t h a t a c e r t a i n t h e r m a l sum, x degree h o u r s , i s r e q u i r e d f o r 

a l a r v a t o complete i t s development d u r i n g an i n s t a r . . I f 

t h e l a r v a r e c e i v e s a t h e r m a l sum o f x degree hours o r x + 1 

degree hours b e f o r e the n e x t sampling p e r i o d , i t w i l l have 

m o u l t e d d u r i n g t h e sampling p e r i o d and w i l l be r e c o r d e d i n 

the percentage change o f the sample. I f , however, i t o n l y 

r e c e i v e s x - 1 degree hours i t w i l l n o t mou l t u n t i l t h e 

f o l l o w i n g o r a l a t e r s a m p l i n g p e r i o d and t h e r e f o r e w i l l n o t 

be i n c l u d e d i n t h e percentage change o f t h e sample. T h e r e f o r e 

when d e a l i n g w i t h t h e development o f i n s e c t l a r v a e i n a 



p o p u l a t i o n the amount o f development t h e y show i s n o t 

o n l y dependent on t h e e n v i r o n m e n t a l c o n d i t i o n s between the 

sa m p l i n g dates b u t a l s o i n p a r t on t h e p r e v i o u s e n v i r o n m e n t a l 

c o n d i t i o n s , which do n o t become e f f e c t i v e u n t i l t h e n e x t 

s a m p l i n g p e r i o d 1 ^ Thus the f a c t t h a t the percentage change 

may be low e r w h i l e the t h e r m a l sum has i n c r e a s e d , o r v i c e -

v e r s a , does n o t n e c e s s a r i l y i n v a l i d a t e a r e l a t i o n s h i p between 

the two f a c t o r s f o r t h a t p e r i o d . I f t h e c o r r e c t e d h i s t o g r a m 

f o r t h e d a i l y percentage., change a t l80m (Fig.13) i s compared 

w i t h those for- JQOm and kjOm (Fig.12) f o r the p e r i o d between 

15 January 1957 and 23 March 57 when t h e w a t e r t e m p e r a t u r e s 

d e c l i n e d t o low v a l u e s i n mid-February and rose s t e a d i l y t o 

q u i t e h i g h v a l u e s i n e a r l y March ( F i g - . l ^ f ) , t h e development 

o f t h e l a r v a e , as i n d i c a t e d by t h e d a i l y percentage change, 

appears t o be p r o g r e s s i v e l y d i s p l a c e d t o t h e r i g h t w i t h 

i n c r e a s i n g a l t i t u d e . .This i n d i c a t e s t h a t development which 

o c c u r r e d d u r i n g one sam p l i n g p e r i o d a t t h e l o w e r a l t i t u d e 

c o u l d n o t be completed d u r i n g t h e same p e r i o d a t t h e h i g h e r 

a l t i t u d e s because o f the l o w e r o v e r a l l t e m p e r a t u r e s , and was 

del a y e d u n t i l t h e f o l l o w i n g s a m p l i n g period'. Thus a t kj>Om 

f r o m 19 February - 8 March 1957 t h e d a i l y p ercentage change 

was r e l a t i v e l y h i g h d e s p i t e the l o w e r t e m p e r a t u r e s , b u t i n 

th e f o l l o w i n g p e r i o d , 8 March .- 23 March 1957i when t h e 

wa t e r t e m p e r a t u r e s r o s e , many o f t h e l a r v a e which had j u s t 

completed a mou l t i n t h e p r e v i o u s s a m p l i n g p e r i o d were 

unable t o make s u f f i c i e n t g rowth t o mou l t d u r i n g t h i s p e r i o d 



and had t o w a i t u n t i l the f o l l o w i n g p e r i o d t o complete 

t h e i r n e x t m o u l t . .This type o f development, e s p e c i a l l y 

where water t e m p e r a t u r e s are low, w i l l t e n d t o mask a c l o s e 

c o r r e l a t i o n w hich does e x i s t , as i s shown by t h e l a r v a e 

d e v e l o p i n g a t l8.0m, between t h e o v e r a l l t e m p e r a t u r e and 

the development o f t h e l a r v a e . 

The r e l a t i o n s h i p between the w a t e r t e m p e r a t u r e 

and t h e development o f the l a r v a e a t l80m i n Swindale Beck, 

1957, i s perhaps b e s t i l l u s t r a t e d i n Fig.14'. At t h e 

b e g i n n i n g o f t h e p e r i o d (8 - 15 January 1957) growth i s 

checked by t h e g e n e r a l l y low t e m p e r a t u r e s and v e r y few 

l a r v a e moult w h i l e t h e r e l a t i v e l y warmer t e m p e r a t u r e s o f 

t h e f o l l o w i n g p e r i o d (15 - 50 January 1957) produce a marked 

r i s e i n t h e percentage change. The p e r i o d f r o m 30 January 

19 February 1957 i s s l i g h t l y warmer $ h a v i n g an average d a i l y 

rv ' ° • O 

t h e r m a l sum o f 98.3 h r s as compared w i t h 92.5 Hours., b u t 

the percentage change f a l l s s h a r p l y showing t h a t many o f 

the l a r v a e have n o t made s u f f i c i e n t g r o w t h f r o m t h e m o u l t 

d u r i n g t h e p r e v i o u s . p e r i o d i n o r d e r t o m o u l t d u r i n g t h i s 

p e r i o d . D u r i n g t h e f o l l o w i n g p e r i o d , when t h e average 

d a i l y t h e r m a l sum i s s l i g h t l y l e s s (89.8°Hours) and i n c l u d e s 

a p a r t i c u l a r l y c o l d p e r i o d , t h e percentage change r i s e s due 

a t l e a s t i n p a r t t o the growth made d u r i n g t h e p r e v i o u s 

period.. -The f o l l o w i n g two p e r i o d s , 8 March - 23 March 1957 

and 23 March - 5 A p r i l 1957, show percentage changes which 

correspond w i t h t h e t e m p e r a t u r e regimes e x p e r i e n c e d by t h e 



l a r v a e , however a f a l l i n t e m p e r a t u r e d u r i n g t h e p e r i o d 

f r o m 5 A p r i l - 15 A p r i l 1957 causes a marked f a l l i n the 

per c e n t a g e change. The subsequent r i s e i n wat e r t e m p e r a t u r e s 

f r o m 15 A p r i l - 25 A p r i l 1957 caused a marked r i s e i n t h e 

percentage change which d e c l i n e d s l i g h t l y f r o m 25 A p r i l -

k May 1957 d e s p i t e t h e h i g h e r t e m p e r a t u r e s , due p a r t l y t o 

the l o s s o f t h e l a r g e r l a r v a e w h i c h were pupating.. 

Another f a c t o r which must be borne i n mind, b u t 

i s d i f f i c u l t t o make all o w a n c e f o r , i s t h e d i f f e r e n t amounts 

o f growth which t h e d i f f e r e n t i n s t a r s undergo'. I f a g i v e n 

t h e r m a l sum produces a g i v e n amount o f l a r v a l growth., t h e 

same t h e r m a l sum may n o t cause t h e m o u l t i n g o f the p e n u l t i m a t e 

i n s t a r l a r v a i n t o t h e f i n a l i n s t a r l a r v a , w h i l e i t m i g h t enable 

t h e m o u l t i n g o f t h e f i r s t i n s t a r l a r v a i n t o t h e second i n s t a r 

l a r v a . 

The r e l a t i o n s h i p between the o v e r a l l t e m p e r a t u r e 

and t h e development o f t h e l a r v a e was a l s o examined by 

c a l c u l a t i n g t h e percentage t r a n s f e r o f l a r v a e which o c c u r r e d 

between p a i r s o f i n s t a r s a t d i f f e r e n t t i m e s and a l t i t u d e s 

t h r o u g h o u t the s a m p l i n g p e r i o d (Figs'. 16, 17, 18 & 19). 

Where t h e h a t c h i n g o f the l a r v a e i s p r o l o n g e d and uneven, 

e r r o r s , s i m i l a r t o t h s s e encounted i n the c a l c u l a t i o n o f 

th e percentage change between whole samples, o c c u r . T h i s 

i s p a r t i c u l a r l y e v i d e n t i n t h e u n c o r r e c t e d percentage t r a n s f e r 

o f l a r v a e between t h e p a i r s o f i n s t a r s f o r l80m i n Swindale 

Beck, 1957, where t h e m o u l t s a s s o c i a t e d w i t h t h e main l a r v a l 
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hatches appear t o be c o m p l e t e l y s e p a r a t e d . However 

when t h e l a r v a e o f t h e two hatches a t t h i s a l t i t u d e a r e 

c o n s i d e r e d s e p a r a t e l y (Fig.17) t h i s s e p a r a t i o n i s l e s s 

d i s t i n c t and a more c o r r e c t p i c t u r e o f t h e a c t u a l events 

can be seen. 

At l80m 86?C o f t h e f i r s t h a t c h l a r v a e m o u l ted 

i n t o t h e f i f t h i n s t a r between 22 November 1956 - 19 Decembe 

1956 i n which stage t h e m a j o r i t y o f them remained u n t i l 

15 January 1957 - 30 January 1957 when 65% m o u l t e d i n t o 

t h e s i x t h i n s t a r . T h i s d e l a y c o i n c i d e d w i t h a p e r i o d o f 

c o l d e r w a t e r t e m p e r a t u r e s . The m a j o r i t y o f these s i x t h 

i n s t a r l a r v a e (6k%) moulted i n t o t h e seventh i n s t a r d u r i n g 

the f o l l o w i n g p e r i o d o f h i g h e r w a t e r t e m p e r a t u r e s b u t t h e 

m o u l t i n g o f t h e seventh i n s t a r l a r v a e i n t o t h e l a s t i n s t a r 

were a g a i n d e l a y e d , h8% o f t h e f i r s t h a t c h l a r v a e n o t 

m o u l t i n g i n t o t h e l a s t i n s t a r u n t i l 23 March - 5 A p r i l 1957 

T h i s d e l a y i n m o u l t i n g a g a i n c o i n c i d e d w i t h a p e r i o d o f 

l o w e r w a t e r t e m p e r a t u r e s f r o m 19 February - 18 March 1957. 

The l a r v a e o f t h e second h a t c h a t t h i s a l t i t u d e appeared as 

second and t h i r d i n s t a r l a r v a e i n the sample t a k e n on 

8 January 1957. These l a r v a e showed a h i g h degree o f 

m o u l t i n g d u r i n g t h e c o l d p e r i o d f r o m 8 January - 15 January 

1957, 83^'moulting f r o m t h e second t o t h i r d i n s t a r s and 

2996 o f t h e t h i r d i n s t a r s m o u l t i n g i n t o f o u r t h i n s t a r s ; 

t h u s a l t h o u g h t h e l o w e r w a t e r t e m p e r a t u r e s produce l o w e r 

percentage changes between t h e whole samples, t h e t r a n s f e r 



of l a r v a e between d i f f e r e n t p a i r s of i n s t a r s i s dependent 

more on the stage of development reached by these l a r v a e . 

Of the 80?£ second i n s t a r l a r v a e which became t h i r d 

i n s t a r s by the 15 January 1957, 5&% had reached the f i f t h i n s t a r 

by .19 February 1957 which i s approximately .25 days to complete 

two moults. .Of the d>J>% fourth i n s t a r l a r v a e which became f i f t h 

i n s t a r s by 19 December 1956, Sk% had reached the seventh i n s t a r 

by 19 February 1957, approximately 62 days to complete two 

moults. The temperatures during these periods are roughly 

comparable so i t would appear that the o v e r a l l temperature 

r e q u i r e d to produce a given number of moults between the e a r l y 

i n s t a r s i s l e s s than that r e quired to produce the same number 

of moults between the l a t e r i n s t a r s . I f t h i s i s true , then 

under constant temperature conditions the time between moults 

would g r a d u a l l y i n c r e a s e with the l a t e r i n s t a r s . Examination 

of the histograms i n Fig.17 however shows a general convergence 

of the time i n t e r v a l during which the moults between p a r t i c u l a r 

p a i r s of i n s t a r s take p l a c e . The l a r v a e developing l a t e r i n 

the season, when the water temperatures are g e n e r a l l y higher, 

pass through t h e i r moults more q u i c k l y than those developing 

e a r l y i n the season.. The e f f e c t of the r i s i n g water 

temperature's during the Spring i s thus to compress the long 

period during which small l a r v a e r e s u l t i n g from an extended 

period of hatching occurred i n the stream i n t o a r e l a t i v e l y 

s h o r t e r period when mature l a r v a e are pre s e n t . This may be 

f u r t h e r shortened by s i m i l a r temperature e f f e c t s on the 



development of the pupae so that emergence w i l l occur over 

a s h o r t e r period than hatching. I t i s probably a s i m i l a r 

e f f e c t to t h i s which r e - e s t a b l i s h e s the d e f i n i t e Spring 

generation of the b i v o l t i n e and t r i v o l t i n e s p e c i e s , the 

generations of which show an i n c r e a s i n g spread as the Summer 

progr e s s e s . 

I t i s p o s s i b l e , from the data r e l a t i n g to the t r a n s f e r 

of l a r v a e between the p a i r s of i n s t a r s , to determine the average 

thermal sum experienced by the l a r v a e between each moult and 

thus obtain an estimate of the thermal sum re q u i r e d by the 

l a r v a e to complete t h e i r development. Such data might prove 

u s e f u l i n the c o n t r o l of b l a c k - f l i e s . 

There i s some evidence•that a s s o c i a t e d with the 

quicker development of P . h i r t i p e s l a r v a e during the periods 

of higher water temperatures there i s a reduction i n the s i z e 

a t t a i n e d by the l a r v a e , as i n d i c a t e d by a reduction i n t h e i r 

head-capsule widths. T h i s i s most evident when the mean head-

capsule widths of the known l a s t i n s t a r l a r v a e (those with b l a c k 

pupal r e s p i r a t o r y f i l a m e n t s ) are examined (Table 16).' There i s 

a decrease i n the mean head-capsule width of these l a r v a e from 

5 A p r i l 1957 to k May 1957 at l80m i n Swindale Beck. The l a s t 

i n s t a r l a r v a e oh 5 A p r i l 1957 are derived from the e a r l y l a r v a l 

hatch which have developed over a long period of g e n e r a l l y low 

water temperatures, while the l a s t i n s t a r l a r v a e present from 

25 A p r i l 1957 to k May 1957 are derived from l a r v a e of the l a t e 

hatch and have therefore developed, over a s h o r t e r period of 



TABLE 16 The mean head-capsule widths of the known l a s t 

i n s t a r larvae of P.Kirtipes i n Swindale Beck, 1957, 

at 180m, 300m & 430m 

5 Apr 15 Apr 25 Apr 4 May 15 May 

180m 66.5 (10) 65.0 (1) 63.7 (15) 59.2 (33) no larvae 

300m - (0) - (0) - (0) 64.5 (4) 62.5 (13) 

430m - (0) - (0) 69.0 (1) no sample no sample 

( ) Number of known l a s t i n s t a r larvae 



g e n e r a l l y higher water temperatures. A s i m i l a r trend i s 

a l s o evident between 4 May 1957 and 15 May 1957 at 300m i n 

Swindale Beck. Since the thermal sums a l s o decrease with 

i n c r e a s e d a l t i t u d e i t might be expected that the mean head^ 

capsule widths of the l a s t i n s t a r l a r v a e w i l l i n c r e a s e with 

i n c r e a s e i n the a l t i t u d e a t which the l a r v a e develop. Only 

two comparable s e t s of data are a v a i l a b l e to show t h i s , on 

25 A p r i l 1957 at l80m and VjOm, and on k May 1957 at l80m 

and 300m. However i n both cases the number of l a r v a e are 

too small to be r e l i a b l e - , but i n both c a s e s the l a r v a e a t the 

higher a l t i t u d e s have the gre a t e r mean head-!-capsule widths. 

The comparison of the mean head-capsule widths of a l l the 

l a s t i n s t a r l a r v a e , that i s those with a head-capsule width 

of 58 d i v i s i o n s or g r e a t e r , i s l e s s r e l i a b l e s i n c e i t w i l l 

i n c l ude a number of seventh i n s t a r l a r v a e due to the overlapping 

of the head-capsule width d i s t r i b u t i o n s which i s e s p e c i a l l y 

marked a t times j u s t p r i o r to the main f i n a l moulting p e r i o d . 

At t h i s time there i s an overlap of the seventh i n s t a r 

d i s t r i b u t i o n i n t o the e i g h t h i n s t a r range but no compensating 

overlap of the eighth i n s t a r d i s t r i b u t i o n i n t o the seventh 

i n s t a r range. I t would be expected therefore t h a t when the 

mean head-capsule widths of a l l l a s t i n s t a r l a r v a e are examined, 

the mean head-capsule width would i n c r e a s e up to the time of the 

main f i n a l moult and t h e r e a f t e r follow the p a t t e r n described f o r 

the known l a s t i n s t a r larvae*. The mean head-capsule widths of 

the l a s t i n s t a r l a r v a e a t three a l t i t u d e s i n Swindale Beck, 1957, 



and at two a l t i t u d e s i n both Crowdundle and Swindale. Beck, 

during the years 195^-56, are given i n Table 17. The head-

capsule width of the l a s t i n s t a r l a r v a e again show a tendency 

to decrease a f t e r the main period of moulting i n t o the f i n a l 

i n s t a r and to i n c r e a s e with i n c r e a s e i n a l t i t u d e . These 

d i f f e r e n c e s i n the mean head-capsule widths of the l a r v a e 

developing under d i f f e r e n t c o nditions of water temperature 

correspond with the observations of Smart, 193^; Edwards 

et a l , 1939; Z'ahar, 1951; and Davies 1957; on the d i f f e r e n t 

s i z e s of the Spring and Summer generation pupae and imagines 

which were perhaps more marked due to the l a r g e r water 

temperature d i f f e r e n c e s a t these times of the year. The 

v a r i a t i o n i n the maximum head-capsule widths achieved by the 

l a r v a e developing under d i f f e r e n t water temperature regimes 

does however show an a d d i t i o n a l source of e r r o r when attempting 

the s e p a r a t i o n of the l a r v a l i n s t a r s on the b a s i s of the mean 

head-capsule width'. 

I . E . E f f e c t s of temperature' on the Mortality, of P . h i r t i p e s 

l a r v a e and the l a r v a e of two a s s o c i a t e d black-^-fly s p e c i e s 

i n l a b o r a t o r y experiments 

The r e s t r i c t i o n of P.inflatum l a r v a e to the head 

waters of the streams where the water temperatures are 

permanently cold, and the occurrence of P . h i r t i p e s l a r v a e at 

lower a l t i t u d e s only during the Winter and e a r l y Spring when 
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the water temperatures are again c o l d , suggests that perhaps 

the higher water temperatures which occur during the Summer 

months (Macan, 1958) at the lower a l t i t u d e s may i n some way 

be detrimental to the development of, or even l e t h a l to, 

the l a r v a e of both Prosimulium s p e c i e s present i n the stream. 

The l a r v a e of both S.monticola and S.variegatum a l s o form p a r t 

of- the b l a c k - f l y l a r v a l population a t the lower a l t i t u d e s i n 

these streams during the Winter and Spring when they develop 

at approximately the same r a t e as the P . h i r t i p e s l a r v a e . 

Both S.monticola and S..variegatum are however b i v o l t i n e , 

producing Summer generations of l a r v a e which can t h r i v e i n 

these streams during the period of high Summer water temperatur 

I t was decided th e r e f o r e to examine the water temperature 

c o n d i t i o n s which normally p r e v a i l a t the lower a l t i t u d e s i n 

these streams during the Summer months- and to perform 

Temperature - M o r t a l i t y experiments on l a r v a e of the b l a c k - f l y 

population at,these a l t i t u d e s to t r y to account f o r the absence 

of P . h i r t i p e s l a r v a e from the streams during the Summer months. 

l.H. ( i ) Temperature - M o r t a l i t y experiments 

l . H . ( i ) ( a ) Apparatus and experimental procedure 

A l l l a r v a e used i n the experiments were obtained 

from Swindale Beck a t 300m.where l a r g e numbers of l a r v a e 

were r e a d i l y a v a i l a b l e and therefore the time taken to c o l l e c t 

the l a r g e number of l a r v a e r e q u i r e d f or the experiments was 



minimal. The l a r v a e , a f t e r c o l l e c t i o n , were transported 

i n l a r g e thermos j a r s to prevent any e x c e s s i v e r i s e i n 

temperature during t h e i r t r a n s f e r to the l a b o r a t o r y . I n the 

l a b o r a t o r y the l a r v a e were t r a n s f e r r e d to l a r g e g l a s s j a r s of 

approximately 3 l i t r e s c a p a c i t y which contained aerated pond 

water * The apparatus was e s s e n t i a l l y the same as that d e s c r i b e 

by Smart (193*0 * the'good a e r a t i o n and r a p i d water c u r r e n t , 

s i m u l a t i n g the n a t u r a l environmental c o n d i t i o n s of the l a r v a e , 

being provided by a continuous stream of a i r bubbles t r a v e l l i n g 

up a g l a s s tube (2cms diameter) completely immersed i n the water 

The j a r s , a f t e r s e t t i n g up, were l e f t i n a constant temperature 

cold room overnight which maintained a water temperature of 

k - 5°C.' The l a r v a e were found to r e - a t t a c h themselves i n s i d e 

the g l a s s tube and at p o i n t s near the entrances to the tube 

where the water curr e n t was most r a p i d . The f o l l o w i n g morning 

a l l dead l a r v a e , which had died as the r e s u l t of c o l l e c t i o n or 

t h e i r t r a n s p o r t to the l a b o r a t o r y , were removed with a p i p e t t e 

and discarded as t r a n s p o r t m o r t a l i t y . The v a r i a t i o n of the 

water'temperature i n the experimental j a r s r e q u i r e d the removal 

of some of the j a r s from the C.T. coldroom to other s i t u a t i o n s 

with the consequent i n t e r r u p t i o n , of the compressed a i r supply. 

Such, t r a n s f e r s were completed q u i c k l y (10 to 15 seconds), to 

prevent the detachment of the l a r v a e and each time such a 

t r a n s f e r was made the compressed a i r supply to the appropriate 

c o n t r o l " j a r was i n t e r r u p t e d for a s i m i l a r .period. 
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The l a r v a e s u r v i v e d w e l l under the experimental 

c o n d i t i o n s . The l a r v a e i n the c o n t r o l j a r s at 4 - 5°C 

showed cumulative m o r t a l i t i e s of X5.h%- and 14.0^ a f t e r nine 

days i n Experiment 1, and k.1% and 11.9%'. a f t e r seven days i n 

Experiment 2. The gre a t e r p a r t of t h i s m o r t a l i t y however 

occurred i n the f i r s t two or three days, probably th e r e f o r e 

being a delayed t r a n s p o r t m o r t a l i t y , and f e l l to 0% to 2% per 

day f or most of the p e r i o d . To t e s t whether the high m o r t a l i t y , 

which occurred i n some experimental j a r s , was caused by poisoning 

due to the accumulation of the l a r v a l , excretory m a t e r i a l , the 

water i n J a r 2 (Experiment 2) was r e p l a c e d a f t e r 1-J days by 

slowly running i n 5 - j a r volumes (15 l i t r e s ) of c l e a n aerated 

pond water,at the c o r r e c t temperature. The excess water was 

syphoned o f f a t the same r a t e from the bottom of the j a r where 

the f a e c a l m a t e r i a l had 'accumulated. I t ' can be seen from 

Table 19 that the m o r t a l i t y i n J a r 2 was comparable with that 

i n J a r 1 where the water was not changed. I t was concluded 

therefore that the poisoning of the water by f a e c a l m a t e r i a l 

was of minor importance as a m o r t a l i t y f a c t o r during the 

course of these experiments'. 

The l i g h t i n g c o n d i t i o n s were c o n t r o l l e d to simulate 

as n e a r l y as p o s s i b l e the n a t u r a l d i u r n a l l i g h t cycle'. J a r s 1 

and 2 (Experiment 1 ) , J a r s 3 and 4 (Experiment l ) and J a r s 1 

and 2 (Experiment 2) which were i n a r t i f i c i a l l i g h t i n g conditions 

only r e c e i v e d l i g h t during the day, while•the other j a r s r e c e i v e d 
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a n a t u r a l d i u r n a l l i g h t c y c l e . Since -the c o n t r o l l a r v a e 
r e c e i v e d only a r t i f i c i a l l i g h t i n g and s u f f e r e d only a low 
m o r t a l i t y , the l i g h t i n g c o n d i t i o n s cannot be considered! to 
be of great importance as a m o r t a l i t y f a c t o r i n these experiments. 

Temperature readings were taken i n a l l j a r s a t hourly 

i n t e r v a l s throughout the day usi n g a mercury thermometer. The 

dead l a r v a e were removed with a pipette, each morning, sorted 

and counted. 

Two experiments were performed, each u s i n g 3 p a i r s 

of ja r s , , one p a i r being maintained at 4 - 5°C as a c o n t r o l i n 

each experiment. The remaining 2 p a i r s of j a r s i n each 

experiment were subjected to d i f f e r e n t temperature c o n d i t i o n s 

as i n d i c a t e d i n Table 18'. 

The l a r v a e used i n Experiment 1 were obtained on 

8 March 1957 and contained fourth to seventh i n s t a r l a r v a e of 

P . h i r t i p e s of which 53% were f i f t h i n s t a r l a r v a e , while the 

l a r v a e used i n Experiment'2 were obtained on 23 March 1957 

and contained.fourth to f i n a l i n s t a r l a r v a e of P . h i r t i p e s 

of which 5196 were s i x t h i n s t a r l a r v a e . No data concerning 

the i n s t a r composition of the S.mbnticola and S.variegatum 

l a r v a e i s a v a i l a b l e , but i t can be assumed that' the d i f f e r e n c e 

between the development of the l a r v a e on the two dates 1 i s 

approximately the same as that for the P . h i r t i p e s l a r v a e . 

Each j a r contained between 1833 and 2331 l a r v a e , of which 

k.8 - 11.99&" i n Experiment 1 and 9.3 to ll'..59£in Experiment 2, 

were P . h i r t i p e s l a r v a e , a l l the remaining l a r v a e being e i t h e r 



TABLE 18 The water temperatures of the experimental j a r s 

i n Experiments 1 and 2 

Experiment 1 JAR 1 Experiment 2 JAR 1 
4 - 5 C Control 4 - 5 C Control 

JAR 2 JAR 2 

JAR 3 JAR 3 4 -19°C 
21-22.5 C i n C.T.room Fluctuating 

JAR 4 JAR 4 temperature 

JAR 5 JAR 5 
16-18°C i n Laboratory 16-18°C 

JAR 6 JAR 6 
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S.monticola or S.varie^atum l a r v a e . The dead l a r v a e on 

removal from the j a r s were separated i n t o P . h i r t i p e s l a r v a e 

and Non-hirtipes l a r v a e for r e c o r d i n g . Since no d i s t i n c t i o n 

was made between the two Simulium s p e c i e s p r e s e n t , for ease of 

d e s c r i p t i o n they w i l l be r e f e r r e d to as the Non-hirtipes l a r v a e 

during the remainder of t h i s account. When the experiments 

were terminated a l l the l a r v a e were removed, and i n t h i s case 

the l i v i n g l a r v a e were a l s o separated and t h e i r numbers recorded. 

A l l the data r e l a t i n g to the m o r t a l i t y i n both experiments i s : 

shown i n Tables 19(a) and (b) and Tables (a)- and (b) of Appendix 1. 

l . H . ( i ) ( b ) R e s u l t s 

I f the d a i l y percentage m o r t a l i t y of P'.hirtipes 

l a r v a e for each member of a p a i r of j a r s kept under i d e n t i c a l 

temperature c o n d i t i o n s i s compared, they are found to be very 

s i m i l a r , and the same was true f o r the m o r t a l i t y of the Non-

h i r t i p e s l a r v a e . The l a r g e r v a r i a t i o n s which did occur, were 

at the beginning of the experiments and were a l s o seen i n the 

c o n t r o l j a r s where they extended over the f i r s t three days. 

They were probably again due to the r e s i d u a l e f f e c t s of 

t r a n s f e r r i n g the l a r v a e to the l a b o r a t o r y . T h i s i s to some 

extent confirmed as these d i f f e r e n c e s were l e s s marked i n 

Experiment 2., when the l a r v a l experiments were begun 42 hours 

a f t e r the c o l l e c t i o n of the l a r v a e , while i n Experiment 1, 

which commenced only 18 hours a f t e r the c o l l e c t i o n of the 

l a r v a e , a smaller proportion of the l a r v a e s u f f e r i n g t r a n s p o r t 
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m o r t a l i t y w i l l have been removed. The d i f f e r e n c e s i n the 
percentage m o r t a l i t i e s of the l a r v a e i n the p a i r s of j a r s 
a l s o tended to be higher i n those j a r s where high mortality-
r a t e s occurred. Since the d i f f e r e n c e s i n the m o r t a l i t i e s 
of the l a r v a e i n each member of a p a i r of j a r s i s r e l a t i v e l y 
s m a l l , the r e s u l t s for p a i r s of j a r s have been .combined and 
are given i n Tables 19(a) and 19(b). A l l the r e l e v a n t data 
for the i n d i v i d u a l j a r s i s given i n Tables ( a ) and (b) of. 
Appendix 1. 

• The cumulative thermal sums fo r each j a r were 
o 

c a l c u l a t e d to the n e a r e s t degree hour above 0 C f o r each j a r 

but s i n c e the v a r i a t i o n between the members of the r e s p e c t i v e 

p a i r s of j a r s was very s m a l l , they are given i n Tables 19(a) 

and (b) as the average cumulate thermal sum f o r each p a i r of 

j a r s . Where the l a r v a e were not maintained i n constant 

temperature rooms the c a l c u l a t i o n of the thermal sum r e q u i r e d 

the i n t e r p o l a t i o n of the night temperatures. I n j a r s 5 & 6 

of both Experiments 1- and 2 the o v e r a l l temperature v a r i a t i o n 

was only 2 C. So any e r r o r s i n the c a l c u l a t i o n w i l l be quite 

s m a l l . The determination of the thermal sums fo r j a r s 3 and 

k of Experiment 2 was more d i f f i c u l t s i n c e part of the c o o l i n g 

during each temperature f l u c t u a t i o n occurred at n i g h t . These 

c a l c u l a t i o n s were the r e f o r e done g r a p h i c a l l y and by c a l c u l a t i n g 

the c o o l i n g curves from the i n i t i a l r a t e s of c o o l i n g and 

i n t e r p o l a t i n g the r e s u l t s , and the thermal sum was determined 

from the area under the curves produced. 



The delayed t r a n s p o r t m o r t a l i t y which occurred 

e s p e c i a l l y i n the c o n t r o l j a r s 1 and 2 of Experiment 1, and 

was a l s o apparent i n the other experimental j a r s of Experiment 1 

and to a l e s s e r extent i n Experiment 2, w i l l be of the same 

proportions i n a l l the j a r s of each experiment, and th e r e f o r e 

i t s presence w i l l not i n v a l i d a t e any conclusions which may be 

drawn from comparisons of the percentage l a r v a l m o r t a l i t y , 

between the. d i f f e r e n t p a i r s of j a r s w i t h i n each experiment. 

Care must- however be taken when comparing the r e s u l t s of 

Experiment 1 with those of Experiment 2, not only because of 

the d i f f e r e n c e i n the delayed t r a n s p o r t m o r t a l i t y , but a l s o 

because of the d i f f e r e n t i n s t a r compositions of the l a r v a l 

populations used.-

I t i s apparent from these experiments that continuous 

temperatures of both 16 - l8°C and 21 - 22.5°C w i l l cause 100$. 

m o r t a l i t y of both the P . h i f t i p e s and Non-hirt'ipes l a r v a e w i t h i n 

3 - 5 days, but both temperatures l i e beneath the thermal death 

point f o r the l a r v a e . The continuous temperature of 4 - 5 G 

i n the c o n t r o l s of both experiments showed a very low m o r t a l i t y 

i n the l a t e r p e riods, showing that t h i s temperature was s u i t a b l e 

f o r the completion of l a r v a l development. The c r i t i c a l 

temperature, that i s the temperature above which 100?^. m o r t a l i t y 

of the l a r v a e w i l l occur before development i s complete, must 

l i e between 5 - l6°C. Above t h i s temperature the m o r t a l i t y 

r a t e of the l a r v a e w i l l i n c r e a s e with i n c r e a s e i n temperature, 
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t h e r e f o r e as expected the m o r t a l i t y r a t e was higher at 

21 - 22.5°C than at 16 - l8°C, the m o r t a l i t y r a t e a t the 

higher temperature being approximately 2 x that a t 16 - l8°C 

as i s shown by the times taken to reach 50% l a r v a l m o r t a l i t y 

(Table 20) r. An accurate determination of the c r i t i c a l 

temperatures cannot be made on the b a s i s of the present 

experiments s i n c e the only constant temperatures at which the 

l a r v a e were maintained were above the c r i t i c a l temperature. 

The r e l a t i o n s h i p s between-the m o r t a l i t y of the l a r v a e 

and the water temperatures to' which they were exposed i s shown 

i n F i g s . 20 and 21. The m o r t a l i t i e s are shown as a percentage 

m o r t a l i t y of the l a r v a e at r i s k , which compensates f o r the 

apparent f a l l i n the percentage m o r t a l i t y during each period 
o 

e s p e c i a l l y as 100%.mortality i s approached. At 21 - 22.5 C 

the m o r t a l i t y of B . h l r t i p e s l a r v a e occurs at a constant r a t e 

throughout the experiment, f a l l i n g only s l i g h t l y during the 

l a s t p e riod, probably due to the achievement of 100% m o r t a l i t y 

before the dead l a r v a e were removed. At 16 - l8°C the i n i t i a l 

m o r t a l i t y of P . h i r t i p e s l a r v a e i s low during the f i r s t day i n 

both experiments but r i s e s during the t h i r d and fourth days i n 
Experiment 1, to a r a t e of m o r t a l i t y s i m i l a r to that seen at 

o *• 

21 - 22.5 C. I n Experiment 2 t h i s i n c r e a s e d m o r t a l i t y begins 

on the second day. T h i s delay i n the m o r t a l i t y a t 16 - l8°C 

may i n part be due to the time taken f o r the water temperature 

to r i s e from *f - 5°C at the beginning of the experiment to 17°G 

which took approximately 8 hours i n both experiments,- but the 



TABLE 20 Time (Hours) taken to achieve 

mortality i n Experiment 1 

50% l a r v a l 

P.hirtipes Non-hirtipes 
Temperature larvae larvae 

JARS 5 & 6 16-18°C 76hrs (963) 77hrs (1075) 

JARS 3 & 4 21-22.5°C 32hrs (603) 38hrs (831) 

( ) Cumulative thermal sum i n degree hrs 

above 0°C 
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delay of the m o r t a l i t y on the second day i n Experiment 1 at 

t h i s temperature cannot be due, i n any way, to the time taken 

for the water temperature to r i s e . At t h i s temperature 

the r e f o r e there i s evidence of a delay of one to two days 

before the temperature has a marked e f f e c t on the m o r t a l i t y 

of the larvae'. Bearing i n mind the delayed t r a n s p o r t 

m o r t a l i t y of the l a r v a e 'in the c o n t r o l j a r s , the. e a r l y m o r t a l i t y 

of the l a r v a e could w e l l have been lower.' The presence of a 

delayed t r a n s p o r t m o r t a l i t y i n the l a r v a e maintained a t 16 - l8°C 

i s i n d i c a t e d i n Experiment 1 where the percentage m o r t a l i t y of 

the l a r v a e a t r i s k f e l l during the second day'. 

When the l a r v a e were subjected to a water temperature 
i o 

f l u c t u a t i n g between *f - 20.5 C, having maximum temperatures of 

l8!.5°C, 19'.0°C, 20.0°C, 20.5°G' and 19..9°G' during the f i r s t f i v e 

days before being kept a t - 5°C the remainder of the 

experiment, the m o r t a l i t y of the l a r v a e remained a t a very low 

l e v e l during the f i r s t three days, only showing a marked i n c r e a s e 

i n m o r t a l i t y a f t e r the f i f t h f l u c t u a t i o n . .. E i i s shows c l e a r l y 
that the e f f e c t s of harmful temperatures may not be immediate 
but are accumulative as i s shown by the continued higher r a t e 

of m o r t a l i t y during the l a s t three days of the experiment when 
o u' 

the water temperature was at H- - 5 2', a l e v e l which would 
normally produce only a very low mortality'. 

*•' o 

At temperatures below 21 - 22.5 C an accumulative 

.effect of temperature can be seen. T h i s can be demonstrated 

more c l e a r l y when the data i s p l o t t e d g r a p h i c a l l y ( F i g . 2 2 ) , 
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the thermal sum to produce 1% M o r t a l i t y of the l a r v a e 

being p l o t t e d on the T. a x i s and the cumulative thermal sum 

being p l o t t e d on the Y a x i s . I f the temperature has an 

accumulative e f f e c t there w i l l be a decrease i n the thermal 

sum r e q u i r e d to produce 1% m o r t a l i t y as the cumulative thermal 

sum i n c r e a s e s , that i s , - the graph w i l l show a downward slope 

from l e f t to right'. When the graph i s p a r a l l e l to the Y a x i s 

the m o r t a l i t y i s p r o p o r t i o n a l to the thermal sum and no 
• • o 

accumulative e f f e c t i s evident. At 21 - 22.5 C the m o r t a l i t y 

of the l a r v a e i s p r o p o r t i o n a l to the thermal sum and no 

accumulative e f f e c t i s evident, while at 16 - l8°C the 

temperature becomes more e f f e c t i v e i n producing m o r t a l i t y of 

the l a r v a e u n t i l by the t h i r d day i t i s almost p r o p o r t i o n a l 

to the. thermal sum, i n d i c a t i n g a cumulative e f f e c t during the 
i o 

f i r s t two days. At 4 - 5 C, a f t e r a low m o r t a l i t y during the 

f i r s t three days, the m o r t a l i t y decreases despite the i n c r e a s e 

i n the thermal sum and no accumulative e f f e c t occurs. Where 

the temperature was allowed to f l u c t u a t e (4- - 20.5°C) above 

and below the c r i t i c a l temperature, the graph i s s i m i l a r to 

that at k - 5°C for the f i r s t three days. • However between 

the t h i r d and fourth days the m o r t a l i t y i n c r e a s e s and an 

accumulative e f f e c t can be seen, and even a f t e r r e t u r n to the 

c o o l e r water temperatures the m o r t a l i t y remained p r o p o r t i o n a l 

to the thermal sum although at a s l i g h t l y lower l e v e l than at • 

the higher constant temperatures. Although d i f f e r e n c e s do 

occur i n the r e l a t i o n s h i p between the l a r v a l mortality, .and 
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and the thermal sum f o r the P.hirt'ipes and Non-hirtipes 

l a r v a e , e s p e c i a l l y i n the c o n t r o l j a r s a t 4 - 5 C, where 

the d i f f e r e n c e was mainly due to the d i f f e r e n c e i n the i n i t i a l 

l a r v a l m o r t a l i t i e s , the general r e l a t i o n s h i p s between the l a r v a l 

m o r t a l i t y and the thermal sum i s the same f o r both P. h i r t i p e s 

and Non-hirtipes l a r v a e . 

We can conclude,- from the previous data, that 

temperatures above 16 - l8°C are too high, i f a p p l i e d 

continuously to allow any of the l a r v a e to complete t h e i r 
'•• o 

development, and temperatures of 16 .- 20.5 C, even when applied' 

for short periods, 2'..25hrs, 3hrs, 5.25hrs, 5>5hrs and 5hrs, as 

they were i n Experiment 2, have cumulative e f f e c t s which cause 

a marked m o r t a l i t y , perhaps being s u f f i c i e n t to prevent completion 

of development by the l a r v a e . The c r i t i c a l temperature must 
/-O 

t h e r e f o r e l i e below 16 C. but above the average maximum 

temperature which they normally experience during the completion 

of t h e i r development during the Spring. 

Since both S.monticola' and S.variegatum are both 

b i v o l t i n e , t h e i r l a r v a e of the Summer generation w i l l 

experience much higher stream temperatures than those of the 
Winter generation. The maximum temperatures i n s e v e r a l north 

o 
Pennine streams f r e q u e n t l y exceed 15 0 during l a t e ' J u n e , J u l y 

and August (Table 22). The l a r v a e of P . h i r t i p e s however only 

occur during the Autumn and Winter, when the water temperatures 

are c o n s i d e r a b l y lower, the maximum temperature at 150m i n 
"•' 6 

Swindale Beck, only exceeding 13.0 C on three occasions towards 
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the end of t h e i r development p e r i o d . Since the Summer 

generation l a r v a e of S.mohticola and S;variegatum must be 

adapted to the higher Summer stream temperatures, we might 

expect to be able to detect some d i f f e r e n c e i n the e f f e c t s 

of high water temperatures on the m o r t a l i t y of P.h'irtipes 

l a r v a e as compared with the Non-hjrtipes l a r v a e , which would 

then provide an explanation f or the absence of a Summer 

generation i n P.hirtipes'. 

The d a i l y percentage m o r t a l i t y f o r both P . h i r t i p e s 

and Non-hir.t-jpes l a r v a e correspond w e l l at the lower- temperatures 

of the c o n t r o l j a r s ; however a t the higher temperatures 

d i f f e r e n c e s can be seen. I n a l l the experimental j a r s 

maintained a t 16 - l8° C and 21 - 22.5°C the cumulative 

percentage m o r t a l i t y was greater f o r the P . h i r t i p e s l a r v a e , 

that i s , the e f f e c t s of the high water temperatures tended 

to produce 100S^'-mortality of P . h i r t i p e s l a r v a e sooner than 

for the Non-hirtipes l a r v a e . I n j a r s 3 and k of Experiment 1 

where the temperature range was 21 - 22.5°S there was a l s o a 

marked d i f f e r e n c e between the m o r t a l i t i e s of the P . h i r t i p e s 

and Non-hirtipes l a r v a e on the second day as can be seen by 

examination of the percentage m o r t a l i t y of the l a r v a e a t r i s k 

f o r these j a r s (Table 1 9 ( a ) . T h i s again shows that the higher 

temperatures are l e s s r a p i d l y e f f e c t i v e i n causing the m o r t a l i t y 

of Non-hirtipes l a r v a e and i t may be that a t t h i s temperature 

there i s a delayed temperature e f f e c t , as at the lower 

temperatures, on the f i r s t day, which i s obscured by a high 
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t r a n s p o r t m o r t a l i t y . T h i s may a l s o be true, f o r the 

P . h i r t i p e s l a r v a e , but the delay does not extend i n t o the 

second day. 

The d i f f e r e n c e s i n the m o r t a l i t i e s of the P . h i r t i p e s 

and Non-hirtipes l a r v a e was l e s s c l e a r l y defined i n the J a r s 

maintained a t 16 - l8°C, but at t h i s temperature i n both' 

Experiments 1 and 2 the percentage m o r t a l i t y during the second 

and t h i r d days was c o n s i s t e n t l y lower f or the Non-hirtjpes , 

l a r v a e (Table 21). T h i s again i n d i c a t e s that the higher 

temperatures take longer to become e f f e c t i v e on the Non-hir'tipes 

l a r v a e . T h i s e f f e c t may have been more marked were i t not for 

the g e n e r a l l y higher m o r t a l i t i e s of the Non-hirtipes l a r v a e 

under the experimental c o n d i t i o n s as i s shown by the 

m o r t a l i t i e s of these l a r v a e i n the c o n t r o l j a r s . 

I n j a r s 3 and h- of Experiment 2, where the l a r v a e 

were subjected to f l u c t u a t i n g temperatures, i t might be 

expected t h a t , because of the apparent delay i n the e f f e c t i v e n e s s 

of the high temperatures on the Non-hirtipes l a r v a e , the 

accumulative e f f e c t of the temperature would occur l a t e r or 

cause a lower percentage m o r t a l i t y . T h i s was not the cas:e; 

the cumulative e f f e c t of temperature occurred sooner f or the 

Non-hirtipes l a r v a e and caused a s l i g h t l y higher percentage, 

m o r t a l i t y . 

We may conclude from these experiments that constant 

water temperatures of 16 - l8°C w i l l cause a high m o r t a l i t y of 



TABLE 21 Sum of Percentage Mortalities on Days 2 and 3 

. P.hirtipes Non-hirtipes 
larvae larvae 

EXPT. 1 JAR 5 35.0 31.1 

(16-18°C) JAR 6 45.3 43.2 

EXPT.2 JAR 5 78.1 63.0 

(16-18°C) JAR 6 73.1 68.6 



both P . h i r t i p e s and Non-hirtipes l a r v a e , the. r a t e of 

m o r t a l i t y i n c r e a s i n g with the time of exposure to the 

temperature. T h i s water temperature range i s however 

s l i g h t l y l e s s . e f f e c t i v e i n producing m o r t a l i t y of the 

Non-hirtipes l a r v a e and i t s e f f e c t s are more delayed. 
o 

At constant water temperatures of 21 - 22.5 C the e f f e c t s 

of temperature are immediate and do not i n c r e a s e with the 

time of exposure to the temperature although here again 

there i s some evidence that i t i s l e s s e f f e c t i v e and i t s 

e f f e c t s may be more delayed i n the case of the Non-hirtipes 
/• o 

l a r v a e . I f temperatures i n excess of 16 C, even i f given 

f o r - s h o r t periods, they w i l l i n c r e a s e the percentage m o r t a l i t y 

of the l a r v a e and t h e i r e f f e c t i s cumulative. There i s no 

evidence however to suggest that P . h i r t i p e s l a r v a e are any 

more s u s c e p t i b l e to these f l u c t u a t i o n s of high temperatures 

than the Non-hirtipes l a r v a e . The c r i t i c a l temperature above 

which m o r t a l i t y shows a marked i n c r e a s e i s not p r e c i s e l y known 

but i t probably l i e s below l6°C f o r both P . h i r t i p e s and Non-

h i r t i p e s l a r v a e , and the evidence f o r these two types of 

l a r v a e having d i f f e r e n t c r i t i c a l temperatures i s c o n t r a d i c t o r y 

although the greater weight of evidence suggests that the 

c r i t i c a l temperature may be s l i g h t l y higher f o r the Non-

h i r t i p e s l a r v a e . 
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l 1.rV Summer Stream Temperatures i n North Pennine Streams 

I t would seem from the evidence of the l a r v a l 

temperature-mortality experiments th a t a water temperature 
o 

of 15 C would be s u f f i c i e n t to prevent the completion of the 

l a r v a l development, and i t i s of i n t e r e s t t h e r e f o r e to examine 

the water temperature data which i s a v a i l a b l e f o r Swindale 

Beck and other streams i n the l o c a l i t y during the months from 

May to September when P . h i r t i p e s l a r v a e are not present i n 

the stream. 

The thermographs at 150m and kOOm i n Swindale Beck 

continued to operate u n t i l 5 June 1957. At 150m, i n the 

period a f t e r 5 May, when the l a s t l a r v a e occurred i n the stream 

u n t i l 5 June, the water temperatures remained high, water 
o 

temperatures i n excess of 15 C o c c u r r i n g on 1, 2 and 3 June 

being 15'.9°i 15.0° and l6'mk°C r e s p e c t i v e l y . S i m i l a r high 

maximum temperatures occurred at 400m' on 28 May,•31 May, 

1 June and 3 June being 15.0°, 15.3°» 15.8° and l6.8°C 

r e s p e c t i v e l y . I t i s i n t e r e s t i n g to note that the maximum 

water temperature was higher at 400m than a t 150m. T h i s 

occurred on a sunny day f o l l o w i n g a period of c o n s i s t e n t l y 

high water temperatures. Swindale Beck i s exposed to the 

south-west and i s t h e r e f o r e warmed by the sun f o r most of 

the day, e s p e c i a l l y a t kOOm where no t r e e s are present to 

provide shade. For 3Km, from 280m - l80m, the stream 

•passes through a shallow t r e e - l i n e d gorge, the t r e e s being 



i n l e a f from mid-May u n t i l Autumn, thus p r o v i d i n g shade 

during these months. This shading reduced the heating 

e f f e c t s of the sun s u f f i c i e n t l y to prevent the maximum • 

temperature at l80m a t t a i n i n g a value as high as that at 

400m. A. s i m i l a r e f f e c t has been described by Macan (1958) 

for a s i m i l a r type of stream r i s i n g i n open moorland and 

then flowing down a wooded slope. He noted a f a l l i n 

temperature from 21.6°C before the stream entered the 

wooded s e c t i o n to a minimum of l4'.0°C i n the p a r t shaded 

by the woodland. He pointed out however that the c o o l i n g 

e f f e c t of shading only occurs i n warm sunny weather c o n d i t i o n s 

while i n periods of high water l e v e l s a f t e r r a i n f a l l such drops 
• -t 

i n temperature are g r e a t l y reduced. Since June, J u l y and 

August are periods of s u s t a i n e d high temperatures, these 

i n v e r s i o n s of the temperature maxima between the open higher 

a l t i t u d e s and the shaded lower s e c t i o n of the stream are 

probably not uncommon during periods of f i n e weather. The 

thermal sums however remained higher at 150m (330.4° Hours) 

than at 400m (312..4° Hours) on 3 June. Since these high 

maximum temperatures were achieved before the period of high 

Summer temperatures., recognised by Macan (1958) to occur 

during J u l y and August i n most y e a r s , there seems l i t t l e doubt 

that during most periods of f i n e weather during these months 

temperatures of 15°C.' and above w i l l occur f r e q u e n t l y over the 

a l t i t . u d i n a l range of P . h i r t i p e s l a r v a e i n Swindale Beck1. 

I t may a l s o be assumed that the thermal sums at the higher 
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unshaded a l t i t u d e s w i l l show less divergence from those at 

the lower shaded a l t i t u d e s during these periods and may on 

occasions even be great e r . 

Thermograph data i s also a v a i l a b l e f o r Cross G i l l 

at 380m i n which P . h i r t i p e s larvae are known to occur and 

f o r Moss rBurn at 605m, a smaller stream from which P . h i r t i p e s 

larvae are absent. This data r e l a t e s to the Summer water 

temperatures from 28 June - 5 September 1951 f o r Cross G i l l 

and from 15 May - 30 September 1953 f o r Moss Burn. Both 

streams d r a i n the eastern slope of the Alston Block, having 

gradients of 1 i n 15-30. These lesser gradients may enable 

these streams to warm more q u i c k l y than Swindale and Crowdundle 

Becks where the gradients reach 1 i n 1.7. However t h e i r 

n o r t h - e a s t e r l y exposure may to some extent compensate f o r t h i s . 
o 

During these periods of recordin g , maximum temperatures of 15 C. 

or greater occurred on 38 of-the 90 days of complete record i n 

Cross G i l l and on 30 of the 155 days of complete record, i n 

Moss Burn. 

Mercury thermometer readings are also a v a i l a b l e 

f o r Cross G i l l j - Moss Burn and Trout Beck., a much l a r g e r 

stream 3-6m i n width (Table 22). 
o 

Water temperatures of 15 C and above are not 

uncommon i n the North Pennine Streams and i n the smaller 

streams, even at r e l a t i v e l y high al t i t u d e s . , they may reach 

l e v e l s at ivhich r a p i d m o r t a l i t y of a l l three species of 

b l a c k - f l y larvae would occur. The maximum temperature i n 



TABLE 22 Summer thermometer readings i n North Pennine Streams 

Altitude(m) No. of Readings exceeding. 
Readings 14.9°C 

Moss Burn 605 14May-23Sept 1952 75 21 

Cross G i l l 300 22Jun-llJuly 1955 19 16 

Cross G i l l 300 4-18July 1956 14 2 

Trout Beck 600 9-15July 1956 5 5 



Moss Burn on 12 successive days from 23 June to k J u l y 1952 

ranged from 20.3°C to 25.2°G" and maximum temperatures of 20°G 

were again achieved on 7 and 8 August i n the same year. There 

i s also evidence t h a t these temperatures occur r e g u l a r l y from 

year to year. 

There i s thus evidence t h a t the Summer stream 

temperatures are u n s u i t a b l e - f o r the development of P . h i r t i p e s 

l a r v a e . However from the r e s u l t s of the l a r v a l temperature 

experiments i t would appear t h a t these temperatures are also 

d e t r i m e n t a l to the development of S.monticoia and 5.variegatum 

l a r v a e . I f any d i f f e r e n c e does e x i s t between the c r i t i c a l 

temperatures f o r P.hirtjp.es and Non-hirtjpes l a r v a e , i t i s 

small, a l l o w i n g the larvae of S.monticoia and S.variegatum 

to develop i n only s l i g h t l y warmer water temperatures which 

may explain the r e s t r i c t i o n of these species t o the l a r g e r 

h i l l streams at low a l t i t u d e s . The Summer generation larvae 

of S.monticoia and S.'variegatum may w e l l have higher temperature 

tolerances than the Winter larvae of the same species, due perhaps 

to a c c l i m a t i z a t i o n e f f e c t s , i . e . under n a t u r a l c o n d i t i o n s the 

slower r i s e s i n water temperatures than those used i n the 

la b o r a t o r y experiments, might give the larvae scope f o r 

a c c l i m a t i z a t i o n , so t h a t i n stead of l8°C causing considerable 
o 

m o r t a l i t y , 22 G.'might be needed to have the same e f f e c t . 

http://hirtjp.es


l ' . J . Discussion 

Evidence has been given t h a t i n both Swindale and 

Crowdundle Becks during the period from 195^-57 the l a r v a l 

development period of P . h i r t i p e s i s p r o g r e s s i v e l y extended 

as the a l t i t u d e increases and i s longest near the normal 

upper l i m i t of the a l t i t u d i n a l range f o r t h i s species at 430m. 

Pupation at t h i s a l t i t u d e was between 2-4 weeks l a t e r than at 

l80m which was the lowest a l t i t u d e studied so t h a t development 

near the upper l i m i t of the a l t i t u d i n a l range cannot be completed 

before mid-May, while at the lower a l t i t u d e s i t i s completed i n 

ea r l y May. The time of hatching i s l e s s w e l l demarcated since 

f i r s t i n s t a r larvae were not found i n the samples from 195^-57'. 

Most of the hatching at 300m however occurred e a r l i e r than at 

l80m i n Swindale Beck, 1956-57» since the mean head-capsule 

widths of the l a r v a l samples were f o r a per i o d during the 

Winter, l a r g e r at 300m than at 180m. The l a r v a l samples at 

430m were very small i n the e a r l y season from 22 November 1956 -

8 January 1957 so there i s l i t t l e evidence to i n d i c a t e the time 

of hatching at t h i s a l t i t u d e . However i n the samples obtained 

on 15 January 1957 one seventh i n s t a r l a r v a was obtained at 430m 

while the l a r g e s t larvae i n the samples obtained from l80m and 

300m were 6th i n s t a r larvae., also the f i r s t l a s t - i n s t a r larvae 

obtained i n the samples were c o l l e c t e d on 8 March 1957 at both 

l80m and 430m despite the observed slower rat e ' of development 



at the higher a l t i t u d e . This would seem to i n d i c a t e t h a t 

hatching of the larvae occurred on average e a r l i e r at the 

higher a l t i t u d e s , thus compensating to some extent f o r the 

slower r a t e of development. • 

The thermal sum f o r January to May 1957 was 

s u b s t a n t i a l l y greater at 150m than at 4-OOm and t h i s . d i f f e r e n c e 

was consistent throughout the p e r i o d . From the evidence of 

other temperature readings along the l e n g t h of the streams i t 

may be assumed t h a t a decrease of thermal sum w i t h i n c r e a s i n g 

a l t i t u d e was the norm, at l e a s t d u r ing the Winter and e a r l y 

Spring. I t i s suggested t h a t i t i s 'the thermal sum or 

o v e r a l l temperature experienced by the larvae which i s 

responsible f o r the i n c r e a s i n g time taken to complete l a r v a l 

development as the a l t i t u d e increases. 

The evidence from the percentage change between 

the i n s t a r composition of the successive l a r v a l samples obtained 

from Swindale Beck, 1956-57» and i t s r e l a t i o n to the thermal sum 

experienced by the larvae between'the sampling dates, shows a 

very close r e l a t i o n s h i p between the o v e r a l l temperature 

experienced by the larvae and t h e i r r a t e of development'. 

This i s e s p e c i a l l y t r u e at l80m where c o r r e c t i o n s could be made 

to o f f s e t the anomalies created by the continued a d d i t i o n of 

small larvae to the samples, as a r e s u l t of an extended hatching 

p e r i o d . The existence, of a s i g n i f i c a n t c o r r e l a t i o n between 

the r a t e of development of the larvae and the thermal sum they 



experienced i n d i c a t e s t h a t the r a t e of development i s , atb 

l e a s t i n p a r t , d i r e c t l y r e l a t e d to the thermal sum, although 

i t may also be e f f e c t i v e i n d i r e c t l y through other f a c t o r s such 

as the dissolved oxygen concentration or the a v a i l a b i l i t y of 

food organisms. I t i s possible t h a t the changes i n the i n s t a r 

composition of the samples c o l l e c t e d from Swindale Beck, 1956-57, 

at l80m, 300m and 430m, which gave the appearance of a higher 

r a t e of development at' the lower' a l t i t u d e s , could have been 

caused by the steady washing down of the l a r g e r larvae from the 

higher to the lov/er a l t i t u d e s . A l lowing f o r the changes which 

occurred at the times of hatching and pupation, the i n s t a r 

composition of the samples were c o n s i s t e n t , w i t h the steady 

movement to the higher i n s t a r s and no marked redu c t i o n of the 

l a r g e r i n s t a r larvae i n the samples at the higher a l t i t u d e s was 

noted except during times of pupation. 

The increase i n the lengt h of the development period 

of P . h i r t i p e s w i t h i n c r e a s i n g a l t i t u d e , due to the lower thermal 

sum at the higher a l t i t u d e s , i s supported by the observations 

on the development of P.inflatum larvae f o r which the development 

per i o d i s about e i g h t months i n the much colder temperature 

regime of the stream at a l t i t u d e s above 660m. 

The annual cycle of P . h i r t i p e s breeding i n the lower 

p a r t s of the North Pennine streams appears to be adapted so tha t 

the larvae only occur i n the streams from October to May when 

the water temperatures are low. Over t h e i r a l t i t u d i n a l range 

development of the larvae i s completed by mid-May before the 



occurrence of the high maximum water temperatures. . I t i s 

suggested, on the evidence from the l a r v a l temperature -
o 

m o r t a l i t y experiments, t h a t water temperatures of 15 C or 

above w i l l cause high l a r v a l m o r t a l i t y and t h a t the e f f e c t 

of these high water temperatures i s accumulative. Evidence 

has been presented t h a t maximum water temperatures of 15°0 or 

above occurred i n l a t e May and e a r l y June at 150m and 4-OOm i n 

Swindale Beck, 1957» a n c* t h a t maximum water temperatures of a 

s i m i l a r order w i l l f r e q u e n t l y be- achieved i n periods of f i n e 

weather from J u l y to August at -these a l t i t u d e s . These high 

maximum water temperatures during the l a t e Spring and Summer 

would t h e r e f o r e be d e t r i m e n t a l t o the "development of any 

P . h i r t i p e s larvae present at these times. The long egg stage 

from June to October may th e r e f o r e be a method of s u r v i v i n g 

t h i s period of unfavourably high water temperatures. The 

upper l i m i t of the a l t i t u d i n a l range of P . h i r t i p e s larvae 

i s t h a t a l t i t u d e at which they can complete t h e i r l a r v a l 

development before the onset of the high maximum water 

temperatures. 

There i s no evidence however t h a t the thermal sum 

and the occurrence of high maximum water temperatures i n l a t e 

Spring d i r e c t l y c o n t r o l the a l t i t u d i n a l d i s t r i b u t i o n of 

P . h i r t i p e s larvae i n the streams, the i n i t i a l d i s t r i b u t i o n 

w i l l be l a r g e l y determined by the s p a t i a l d i s t r i b u t i o n of the 

eggs-, the a d u l t female f l i e s presumably tending to confine 



t h e i r o v i p o s i t i o n to a l t i t u d e s below 45.0m where the water 

temperatures are generally favourable f o r the development 

of the l a r v a e . 

I t i s suggested t h a t any P . h i r t i p e s larvae present 

i n the streams above ^50m w i l l not be able to complete t h e i r 

development before the advent of the high maximum water 

temperatures i n l a t e Spring due to the slower r a t e of 

development possible i n the lower water temperatures. This 

would then r e s u l t i n high l a r v a l m o r t a l i t i e s and f a i l u r e to 

complete t h e i r annual c y c l e . At s t i l l higher a l t i t u d e s a 

po i n t w i l l be reached where the maximum Summer water temperatures 
o 

seldom reach c r i t i c a l values of 15 C or above, and t h e i r 

accumulative e f f e c t i s i n s u f f i c i e n t t o prevent the completion of 

l a r v a l development. The water temperatures at these a l t i t u d e s 

are ther e f o r e s u i t a b l e f o r the development of P . h i r t i p e s larvae 

but the lengthening of the l a r v a l development p e r i o d , due to 

the lower water temperatures, coupled w i t h the long egg stage 

of t h i s species, would not enable the completion of the. annual 

cycle at these a l t i t u d e s . I t i s l i k e l y , but not proven, t h a t 

the larvae of P.inflatum a r e s e n s i t i v e to the r e l a t i v e l y high 

water temperatures as has been shown f o r P . h i r t i p e s l a r v a e . 

I t i s theref o r e suggested t h a t the larvae of P.inflatum occupy 

t h i s temperature regime i n the head:-waters of the stream above 

660m, the completion of t h e i r annual cycle being f a c i l i t a t e d by 

a short egg stage. The, absence of a long egg stage i n P.inflatum 

would conversely r e s t r i c t the lower a l . t i t u d i n a l d i s t r i b u t i o n of 
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the larvae of t h i s species to those a l t i t u d e s above which 

the water temperature does not become c r i t i c a l during the Summer 

months-. Although no evidence has been presented f o r the Summer 

temperatures i n the streams at the higher a l t i t u d e s , i t i s 
o 

u n l i k e l y t h a t the water temperatures o f t e n exceed 15 C during 

the Summer months as most of the water at these times i s derived 

from the colder ground waters and less from surface drainage 

which was shown by Macan (1958) to be responsible f o r the high 

maximum temperatures when i t occurred during periods of f i n e 

weather. 

From t h i s evidence i t would appear t h a t the o v e r a l l 

water temperature condit i o n s p r e v a i l i n g during the development 

periods and the occurrence of high maximum water temperatures 

during the l a t e Spring and Summer at the lower a l t i t u d e s plays 

an important p a r t i n the sequential displacement of P.inflatum 

by P.hirtipes. as the a l t i t u d e decreases i n several North Pennine 

streams. A s i m i l a r s equential displacement of Prosimulium 

species has been recorded f o r streams i n northern Norway 

(Davies, 1951» 5^) where P.ursinum Edwards occupied a p o s i t i o n 

a t the- higher . a l t i t u d e s i n the streams, s i m i l a r t o t h a t of 

P.inflatum,- being displaced at the lower a l t i t u d e s by P . h i r t i p e s . 

Since the larvae of the other b l a c k - f l y species 

present i n the streams were not the subject of a d e t a i l e d study 

l i t t l e can be said concerning t h e i r a l t i t u d i n a l d i s t r i b u t i o n 

and seasonal development. However the l a r v a l temperature -

m o r t a l i t y experiments i n d i c a t e d t h a t the water temperature 



becomes c r i t i c a l f o r the Winter generation larvae of both 

S.monticola and S.variegatum at approximately the same values 

as f o r P . h i r t i p e s l a r v a e , although there were some i n d i c a t i o n s 

t h a t the Non-hirtipes' larvae could withstand the e f f e c t s of 

high water temperatures f o r s l i g h t l y longer periods. .There 

i s i n s u f f i c i e n t evidence however to say t h a t these d i f f e r e n c e s 

are large enough to exp l a i n the presence of both S.monticola 

and S.varjegatum larvae i n the stream during 1 the p e r i o d of 

apparently harmful water temperatures during the Summer months 

I t may be t h a t the larvae of the Summer generations of these 

species are p h y s i o l o g i c a l l y adapted to the higher water • 
* 

temperatures occurring during the Summer, po s s i b l y by 

a c c l i m a t i z a t i o n . I f t h i s i s so, perhaps-the Prosimulium 

species are u n i v o l t i n e because' they have g e n e t i c a l l y been 

unable to produce larvae able t o acc l i m a t i z e to the Summer 

temperatures. 
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Section 2 

The e f f e c t s ' of temperature on the a c t i v i t y of the imagines 

of Simulium ornatum Meigen. 

2. A.. Biology of S. ornatum 

S.ornatum Meig. i s the commonest and most widespread 

of the B r i t i s h Simuliidae, the larvae and pupae being found i n 

almost a l l lowland water courses w i t h a moderate -or slow water 

c u r r e n t , e s p e c i a l l y where there i s t r a i l i n g v egetation. -The 

larvae are present throughout the year, the overwi n t e r i n g 

larvae producing a d u l t s from February t o A p r i l . Further 

generations of adu l t f l i e s emerge throughout the Summer and 

Autumn, the generations overlapping t o a large extent.. .Pupae 

are present u n t i l l a t e October i n most years. The adu l t female 

f l y b i t e s c a t t l e and to a lesser extent horses, c h i e f l y b i t i n g 

the b e l l y and inne r side of the t h i g h . .They are also known to 

b i t e other domestic mammals and man. The object of the present 

study, made during the Summers of 1956 and 1957, was to i n v e s t i g a t e 

the r e l a t i o n s h i p between the a i r temperature and the a c t i v i t y of 

the adult f l i e s under c o n t r o l l e d l a b o r a t o r y c o n d i t i o n s , and so 

to determine the optimal temperature range f o r a c t i v i t y . 

2.B. The. C o l l e c t i o n and Storage of the imagines of S..ornatum 

Pupae of S.ornatum were c o l l e c t e d from a small stream 

at Sherburn, 5Km to the east of Durham C i t y , Co. Durham. The 
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pupae were removed from the stream while s t i l l attached 

to the t r a i l i n g vegetation on which they had pupated. 

I n the l a b o r a t o r y the pupae were placed i n a shaded glass 

trough at approximately 17°C u n t i l the a d u l t f l i e s emerged. 

.The ad u l t f l i e s were then t r a n s f e r r e d to 2 inch x 1 inch 

glass l o n g e v i t y tubes s i m i l a r to those described by Davies, D.M. 

(1953) and kept i n a shaded moist trough. The entrances of 

the l o n g e v i t y tubes were covered w i t h a narrow nylon mesh and 

secured by a rubber band. Each tube contained a sugar cube 

on which the a d u l t f l i e s - c o u l d feed and a s t r i p of f i l t e r paper 

on which the f l i e s could rest.. No more than f i v e f l i e s were 

placed i n each tube and the sexes were kept separate. The 

day of emergence f o r a l l f l i e s was noted so t h a t the ages of 

the f l i e s could be determined when r e q u i r e d . .The m o r t a l i t y 

of the a d u l t f l i e s i n these tubes was very low during the 

f i r s t e i g h t days which was the longest period of storage of 

the f l i e s p r i o r to t h e i r use i n the temperature experiments. 

2.C. .The temperature - a c t i v i t y experiments 

2.C.(i) Method of measuring a c t i v i t y 

The experimental procedure used was s i m i l a r to 

t h a t used by Nicholson A.J. (193^) to i n v e s t i g a t e the i n f l u e n c e 

of temperature on the a c t i v i t y of Sheep B l o w f l i e s . The a c t i v i t y 

of the f l i e s was based on d i r e c t observations of the f l i e s under 



d i f f e r e n t temperature c o n d i t i o n s . Five e a s i l y recognisable 

types of a c t i v i t y were recorded as f o l l o w s : 

1. COMA : The f l i e s u s u a l l y l y i n g on t h e i r backs or 

hanging from the paper or cork by one • or 

more l e g s . 

2. REST : There i s no movement of the legs or body but 

the f l y i s i n a normal r e s t i n g p o s i t i o n . 

3. "MOVEMENT": This i s confined .to movements other than 

locomotory movements, such as cleaning, 

feeding and small movements of the legs and 

body. 

Self-explanatory. 

Self-explanatory. 

4. CRAWLING 

5. .FLIGHT : 

Any or a l l of these d i f f e r e n t types of a c t i v i t y may occur at 

the same time i n tubes c o n t a i n i n g several f l i e s and they can 

change q u i t e r a p i d l y from one form of a c t i v i t y ' t o another. 

The recording of each type.of a c t i v i t y must th e r e f o r e be made 

at a glance. Since the a c t i v i t y i s always i n a st a t e of f l u x 

and there may be large d i f f e r e n c e s i n the a c t i v i t i e s of 

i n d i v i d u a l f l i e s , l arge numbers of observations are re q u i r e d 

t o give a r e l i a b l e estimate of the a c t i v i t y . .Estimates of 

f l i g h t a c t i v i t y being more d i f f i c u l t t o estimate were made at 

d i f f e r e n t times from the other observations., by counting the 

number of i n d i v i d u a l f l i g h t s made by the f l i e s i n each tube 

separately during one-minute observation periods. 

IBRARl 
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Observations were made at d i f f e r e n t times on 

tubes c o n t a i n i n g one, s i x and ten f l i e s per tube. With ten 

f l i e s per tube, bursts of a c t i v i t y were p a r t i c u l a r l y n o t i c e a b l e , 

while w i t h only one f l y per tube the a c t i v i t y was g r e a t l y reduced 

and the d i f f e r e n c e s between the i n d i v i d u a l f l i e s were more marked. 

A. record was also kept of the numbers of f l i e s r e s t i n g on the 

corks of the experimental containers since Nicholson had shown 

t h a t t h e i r p r o p o r t i o n provided a good i n d i c a t i o n of the 

s u i t a b i l i t y of the temperature i n the case of Sheep-blowflies. 

.The e f f e c t of temperature was t e s t e d , f i r s t l y by 

using a ser i e s of constant temperatures at which separate sets 

of observations were made, and secondly by using a s t e a d i l y 

r i s i n g temperature and making observations at regul a r i n t e r v a l s 

as the temperature r i s e s . 

2 . C . ( i i ) Constant Temperature Experiments 

The groups of f l i e s on which observations were to be 

made -were placed i n 3 inch x 1 inch glass tubes which 

contained a 2 inch x 1 inch s t r i p of f i l t e r paper on which 

the f l i e s could r e s t . The tubes were closed w i t h corks 

which were pierced c e n t r a l l y by a 4mm bore glass tube 

approximately 5cm i n l e n g t h which was sealed at the upper end 

and blocked at the lower end which j u s t p r o j e c t e d beyond the 

cork, by cotton wool. These tubes contained a d i l u t e glucose 

s o l u t i o n and acted as a source of nutriment f o r the a d u l t f l i e s . 
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The cork was also pierced e c c e n t r i c a l l y by a hole of 

s i m i l a r dimensions, blocked w i t h dry cotto n wool to f a c i l i t a t e 

a l i m i t e d exchange of gases w i t h the e x t e r n a l atmosphere. 
O'" O" O " o o 

.Constant temperatures of 17 , 20 , 25 ., 30 and 35 C 

were maintained using a constant temperature water bath. This 

consisted of a rectangular glass trough, 20 inches x 11 inches 

x 11 inches deep, f i l l e d w i t h water. .The heating was provided 

by a 2 K i l o w a t t e l e c t r i c k e t t l e element c o n t r o l l e d thermo­

s t a t i c a l l y which maintained the water temperature to w i t h i n 

+ o o 

- 0.1 C at 20 C. The water i n the bath was c i r c u l a t e d by 

an e l e c t r i c s t i r r e r running at low speed to prevent a g i t a t i o n 

of the tubes which would stim u l a t e a c t i v i t y of the f l i e s . 
Two thermometers were immersed i n the water at e i t h e r end of 
the water bath, adjacent to the tubes of f l i e s , t o check the 

water temperature. .The constant temperature of 17°C was 

maintained by the j u d i c i o u s use of i c e during the observation 

p e r i o d , the heating element having been disconnected at t h i s 

temperature as i t was very close to the l a b o r a t o r y temperature. 

.The experimental tubes c o n t a i n i n g the f l i e s were held i n p o s i t i o n 

by a 1/3 inch t h i c k perspex s t r i p clamped across the top of the 

water bath. The glass feeding tubes were i n s e r t e d i n t o holes 

i n the perspex s t r i p and held i n p o s i t i o n by the upthrust of 

the water. The l e v e l of water i n the water bath j u s t exceeded 

the lower surfaces of the corks i n the experimental tubes. 
o 

The apparatus was set up and run f o r one day at 20 C, some of 



104-

the glass feeding tubes being replaced by thermometers and 

the remaining tubes c o n t a i n i n g .Potassium thiocyahate papers 

(Solomon, M..E.., 19^-5) • -The a i r temperature i n the experimental 

tubes remained w i t h i n - 0.1°C of the water' temperature and the 

r e l a t i v e humidity between 95 - 100$. The high humidity i s 

maintained p a r t l y by the d i l u t e glucose s o l u t i o n i n the feeding 

tube and p a r t l y by the close p r o x i m i t y of a large volume of 

water. I t seems f a i r t o assume t h a t t h i s high l e v e l of humidity 

w i l l be maintained at a l l experimental temperatures. The water 

bath was s i t u a t e d on a bench i n the l a b o r a t o r y , the i l l u m i n a t i o n . 

coming from a n o r t h f a c i n g window, so the f l i e s obtained a 

normal d i u r n a l l i g h t cycle and were not exposed to d i r e c t 

s u n l i g h t . The constant temperature of 10°C was maintained 

using a constant temperature cold room i n which the i l l u m i n a t i o n 

was provided by an e l e c t r i c l i g h t which was l e f t on from 9^00hrs 

t o l8.30hrs to simulate the n a t u r a l d i u r n a l l i g h t c y c l e . The 

constant temperature cold room was not however designed to 

operate e f f i c i e n t l y at t h i s r a t h e r high temperature so temperature 

readings were made of the a i r temperature near to the experimental 

tubes at the beginning and end of each-set of observations, the 

average of the two readings then being taken as the temperature 

at which the observations were made. .The v a r i a t i o n recorded 

was from 8.8°C to 12.0°C. 

I n the experiments where the experimental tubes 

contained 6 or 10 f l i e s , observations were made at 15 minute 



i n t e r v a l s between 9.30hrs and 17.30hrs except f o r a break 

of one hour between 12.30hrs and 13.30hrs. Observations were 

made on s e t s of ten tubes, so i n the case of 6 f l i e s per tube 

1800 observations on i n d i v i d u a l f l i e s were made a t each 

temperature and 3000 observations on i n d i v i d u a l f l i e s a t the 

same temperatures using 10 f l i e s per tube. Where only 1 f l y 

per tube was used, the observations were made at 10-minute 

i n t e r v a l s so only 420 observations were made on i n d i v i d u a l 

f l i e s during one day. To compensate for t h i s the experiments 

were repeated, making t o t a l s of 8k0 observations on i n d i v i d u a l 

f l i e s . Each s e t of experimental tubes c o n s i s t e d of equal 

numbers of tubes c o n t a i n i n g e i t h e r male or female f l i e s , but 

o c c a s i o n a l l y one or more tubes contained mixed male and female 

f l i e s depending on the a v a i l a b i l i t y of the d i f f e r e n t sexes. 

However s i n c e there was no marked d i f f e r e n c e i n the a c t i v i t i e s 

of the male and female f l i e s the observations for the sexes 

have been grouped together. D i f f e r e n t s e t s of f l i e s were 

used f or each s e t of observations a t one temperature and only 

f l i e s from two to s i x days old were used., except i n the 

experiment u s i n g one f l y per tube when the ages ranged from 

1 to 8 days. The s e t s of f l i e s were placed i n the water bath 

on the evening before observations were to be made so t h a t a l l 

f l i e s had a period of l ^ h r s i n which to a c c l i m a t i z e to the 

temperature. This however caused a high m o r t a l i t y a t 35°C. 
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Only one constant-temperature water bath was 
used and i n consequence the experiments were spread .over a long 
period from September to October i n 1956 and from J u l y to 
August i n 1957. The i l l u m i n a t i o n and the f l i e s themselves 
w i l l t h e r e f o r e be su b j e c t to some seasonal v a r i a t i o n . 

When the r e s u l t s were analysed the f l i e s i n a coma 

were discounted. The number of f l i e s a f f e c t e d i n t h i s way at 

the lower temperatures from 10°C to ;?5°C was very s m a l l , but at 

both 30°C and 35°C the m o r t a l i t y r a t e was high. When two f l i e s 

i n a tube c o n t a i n i n g 6 f l i e s , .or 3 f l i e s . i n a tube c o n t a i n i n g 

10 f l i e s were i n a coma or died during the course of observations 

the r e s u l t s f o r t h i s tube were discounted s i n c e i t was shown that 

the number of f l i e s i n each tube has a marked e f f e c t on the l e v e l 

of a c t i v i t y ( F i g . 2 3 ) . .The numbers of observations on which the 

r e s u l t s f or 30°C and 35°C are based i s consequently reduced, 

e s p e c i a l l y a t 35°C for 6 f l i e s per tube, and no r e s u l t s are 

a v a i l a b l e a t t h i s temperature for 10 f l i e s per tube. The 

observations made under the f l u c t u a t i n g temperature (8.8°C to 

12°C) have been grouped i n 1°C i n t e r v a l s so that here again the 

number of observations•on which the r e s u l t s are based has again 

been reduced, 50% of the observations being at 11°C and 25% at-10°C. 

The experiment u s i n g only one f l y per tube-was designed 

to t e s t the e f f e c t of ageing on the a c t i v i t y of b l a c k - f l i e s . 

Only female f l i e s were used and separate s e t s of f l i e s from 

1 day to 8 days old were maintained a t 20°C for observations. 
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The r e s u l t s are shown i n Table 23. I t can be seen that 
the a c t i v i t y of the f l i e s i n c r e a s e s between the f i r s t and second 
days, then remaining f a i r l y constant f o r the next 6 days,.the 
o v e r a l l v a r i a t i o n being 6.2%. On the eighth day the a c t i v i t y 
showed a considerable i n c r e a s e . The low a c t i v i t y on the f i r s t 
day may have been due to the l a c k of time i n which the f l i e s 
could a c c l i m a t i s e s i n c e some of these f l i e s were placed i n the 
experimental conditions only 2 -'3hrs a f t e r emerging. Since 
each f l y r e p r e s e n t s 3% of the observations i n each age group, 
the variation^between the second and seventh days i s due at 
l e a s t i n p a r t to the l a r g e d i f f e r e n c e s i n a c t i v i t y which can 
occur between the i n d i v i d u a l f l i e s . I t seems f a i r to assume 
therefore that the a c t i v i t y of the f l i e s does not vary g r e a t l y 
between the ages of 2 - 6 days. I n a l l other experiments 
only f l i e s w i t h i n t h i s age range have been used. 

The r e s u l t s f o r the experiments u s i n g 6 and 10 f l i e s 

per tube are p l o t t e d as curves, i n I5ig..2k as the f r a c t i o n s • 

r e s t i n g , "moving", and c r a w l i n g . A comparison of the curves 

shows that the a c t i v i t y i s g r e a t e r for 10 f l i e s per tube i n a l l 

r e s p e c t s . The shape of the a c t i v i t y curves are not symmetrical 

but show a r a p i d i n c r e a s e between 9 - 13°C and a much slower 

d e c l i n e as the temperature approaches the thermal death p o i n t . 

The i n i t i a l steep i n c r e a s e i n a c t i v i t y may be due to the 

s t i m u l a t i n g e f f e c t of f l u c t u a t i n g temperatures or,as. w i l l be 

seen l a t e r , to i t c o i n c i d i n g with temperature range i n which 

co-ordinated a c t i v i t y beggLns. The slower d e c l i n e i n a c t i v i t y 



TABLE 23 The a c t i v i t y of Simulium o ma turn imagines and 

ageing at 20°C and 95-100% Relative Humidity 

Fractions 

'Age (days) Resting "Moving" Crawling Active On Cork 

0 - 1 . .875 .021 .105 .125 .200 

1 - 2 .798 .031 .171 .202 .380 

2 - 3 .768 .023 .209 .232 .117 

3 - 4 .995 .025 .180 .205 .173 

4 - 5 ,802 .043 .156 .198 .110 

5 - 6 .750 .055 .195 .250 .129 

6- 7 .812 .042 .146 .188 .153 

7 - 8 .646 .066 .288 .354 .205 
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at higher temperatures i s to be expected s i n c e the temperatures 

remain high enough to allow co-ordinated a c t i v i t y to occur but 

the d e c l i n e may be l e s s marked as the r e s u l t of disc o u n t i n g 

tubes i n which m o r t a l i t y occurred. The maximum a c t i v i t y ,for 

10 f l i e s per tube occurs a t 12°C and that f o r 6 f l i e s per 
o 

tube at 17 C. . I t i s probable however tha t n e i t h e r of these 

two temperatures r e p r e s e n t s the true optimum temperatures f or 

a c t i v i t y . Examination of the shapes of the curves would 

suggest that the maximum a c t i v i t y i n both cases would l i e 

between these temperatures. 

.Co-ordinated locomotbry movements begin a t 9.5°C 

for both 6 and- 10 f l i e s per tube but they are preceded a t 

8.5°C by "movement" described as " f i d g e t i n e s s " by Nicholson (193&). 

The temperature at which these non-loeomotory movements occur 

cannot be determined from -these experiments except to say that 

they probably begin below 8.5°C. F i d g e t i n e s s or movement., 
although forming a high proportion of the general a c t i v i t y . 

o 

below 9.5 C;,does not continue to i n c r e a s e once the temperature 

l e v e l i s s u f f i c i e n t l y high to allow crawling, but remains 

r e l a t i v e l y low, only forming a gre a t e r proportion of the 

a c t i v i t y a t the higher temperatures which have a depressing 

e f f e c t on the co-ordinated locomotory movements. .The f r a c t i o n 

of f l i e s r e s t i n g on the cork was shown by Nicholson to i n d i c a t e 

the u n s u i t a b i l i t y of the temperature, higher numbers of f l i e s 

r e s t i n g on the cork i n d i c a t i n g the u n s u i t a b l e nature of the 
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temperature. The temperature-preference curve or f r a c t i o n 

of f l i e s r e s t i n g on the cork i s shown i n -Fig.25 f o r 10 f l i e s 

per tube only and i t shows a s i m i l a r p a t t e r n to that described 

by Nicholson (193^) and i n d i c a t i n g a p r e f e r r e d temperature of 

10.5°C - 17°C which corresponds with the range i n d i c a t e d f o r 

the optimum temperature f o r a c t i v i t y ' . 

The observations of f l i g h t a c t i v i t y were incomplete, 
o o o no observations being made at 30 C and 35 C and at 17 G and 

20°C for- the tubes with s i x f l i e s . .The. remaining observations 

are p l o t t e d i n Fig.26 as the average number of f l i g h t s per 

minute per f l y . The r e s u l t s r e p resent observations of a s i n g l e 

f l y for a period 2.2 to 5.0hrs. No f l i g h t s occurred a t 8.5°C 
"•"o ' o 

but the f l i g h t a c t i v i t y i n c r e a s e d r a p i d l y from 9.-5 - 11.5 0. 
o 

reachi n g a- higher value f o r 10 f l i e s per tube a t 11.5 0 than 

fo r 6 f l i e s per tube a t the same temperature. The optimum 

temperatures for. f l i g h t a c t i v i t y probably again l i e between 

11.5° - 17.0°C. .Although the observations are not complete, 

the curves f o r f l i g h t a c t i v i t y appear to correspond with the 

curves f or other co-ordinated movement., beginning a t the same 

temperature. 

2 . C . ( i i i ) R i s i n g Temperature Experiments 

The same constant temperature water bath was used 

but the heater was re p l a c e d with one of a lower wattage and 
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the thermostat was disconnected. "When switched on, t h i s 

apparatus produced a slowly r i s i n g temperature, r i s i n g on 

average 1°C i n 13-5 minutes. .Since the heater was not 

adj u s t e d during the period of the experiment, the r a t e a t 

which the temperature rose was s l i g h t l y quicker a t the lower 

temperatures than a t the higher temperatures. I n a l l , three 
, o o 

experiments over temperature ranges from 1.5 G - 22.5 C, 

5..0°C - 2zf.2°C, and 11.8°C - 29.0°C were performed and s i n c e 

the water h e a t i n g curves were the same i n a l l c a s e s , .the r e s u l t s 

of the three experiments were combined, the r e s u l t s being 

c o l l e c t e d i n 2°C i n t e r v a l s to produce smoother curves. 

The same experimental tubes were used as p r e v i o u s l y , 

each tube c o n t a i n i n g 10 f l i e s of mixed sexes. The s e t s of. 

10 tubes were kept i n the constant temperature coldroom a t 

8.8° - 12...0°C overnight before being t r a n s f e r r e d to the Water 

bath the following'morning. The water i n the water bath was 

reduced by the ad d i t i o n of i c e , the experimental tubes being 

placed i n the water bath immediately a f t e r the i c e had melted. 

.The f l i e s were given 5 minutes to s e t t l e and then the heater 

was switched on. ' .Observations of a c t i v i t y were made every 

15 minutes throughout the period., the temperature being noted 

at the beginning and end of each s e t of observations, the 

average of the two temperature readings being taken as the 

temperatures a t which the observations were made. .Flight 

observations were made every JO minutes and s i n c e the time 
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to make the f l i g h t observations was much longer, note of 

the temperature a t the beginning and end of the f l i g h t 

observation on each experimental tube was made. 

The a c t i v i t y of the f l i e s under c o n d i t i o n s of 

progre s s i v e l y , r i s i n g temperatures i s shown as curves i n Fig.27. 

The general c h a r a c t e r of the curves i s very s i m i l a r to those 

of the constant temperature experiments. General co-ordinated 

a c t i v i t y , such as cra w l i n g and f l i g h t , i n c r e a s e s r a p i d l y above 

10°C although o c c a s i o n a l f l i e s were observed c r a w l i n g a t lower 

temperatures., the lowest temperature a t which c r a w l i n g was 

observed was ^>,h°C. The lowest temperature a t which f l i g h t 

was noted was not i n a tube being d i r e c t l y observed and i s not 

there f o r e i n c l u d e d i n the r e s u l t s . T h i s f l i g h t occurred a t 

8.7°CV The next f l i g h t observed occurred a t 9 . ^ ° C , a f t e r 

which f l i g h t s became more frequent. The lowest temperature 

at which any form of a c t i v i t y was observed was 1.6°G s h o r t l y 

a f t e r the experiment commenced. At temperatures below 10°C 

the p r i n c i p a l form of a c t i v i t y e x h i b i t e d by the f l i e s i s n o i r 

o 
locomotory, and above 10 C these non-^locomotory a c t i v i t i e s 

o 
remain constant up to 20 C before declining, a t the higher 
temperatures. The co-ordinated locomotory movements i n c r e a s e 

o • 
r a p i d l y above 10 C reach i n g maximum values a t approximately 

o o 15 C for' c r a w l i n g and at 17 C f o r f l i g h t a c t i v i t y , ' a f t e r which 

they d e c l i n e , .the f r a c t i o n c r a w l i n g being l e s s than the f r a c t i o n 
o "•' 

of f l i e s showing "movement" above 2k C. .The f l i g h t a c t i v i t y i s 
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r a t h e r e r r a t i c a t the higher temperatures-, perhaps i n d i c a t i n g 

the d i s t r e s s i n g e f f e c t of these high temperatures although no 

m o r t a l i t y occurred during these experiments. The temperature -

preference curve (Fig.25) a l s o f ollows a s i m i l a r p a t t e r n to th a t 

observed i n the constant temperature experiments. This f i g u r e 

g i v e s the comparative a c t i v i t y curves f o r r i s i n g and constant 

temperatures, the a c t i v i t y (moving * cr a w l i n g ) being expressed 

as a f r a c t i o n of the maximum a c t i v i t y .observed i n each experiment. 

These a c t i v i t y curves i n d i c a t e d that the optimum a c t i v i t y i s 

achieved at lower temperatures under constant temperatures., 

which i s at v a r i a n c e with the f i n d i n g s of Nicholson who 

suggested that r i s i n g temperatures tend to s t i m u l a t e a c t i v i t y , 

so that a c t i v i t y under these c o n d i t i o n s would be optimal at a 

/ lower temperature than would be expected on the b a s i s of constant 

temperature experiments'. Examination of the temperature-preference 

curve however shows agreement with Nicholson's f i n d i n g s , i n d i c a t i n g 

that the p r e f e r r e d temperature i s higher i n the constant temperature 

experiments. The curve f o r a c t i v i t y may a l s o be d i s t o r t e d due to 

the s t i m u l a t i n g e f f e c t of the f l u c t u a t i n g temperatures experienced 

by the f l i e s over the temperature range from 8!.8°G - 12.0°C. 

I t i s probable therefore t h a t under more r i g i d l y c o n t r o l l e d 

experimental c o n d i t i o n s the curve .for the a c t i v i t y under 

con d i t i o n s of constant temperature would be d i s p l a c e d to the 

right 1.' 
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2.D. D i s c u s s i o n 

I t i s c l e a r from these experiments that temperature 

has a marked e f f e c t on the a c t i v i t y of imagines of S..ornatum 

under conditions of high r e l a t i v e humidity and that t h i s e f f e c t 

i s very s i m i l a r whether the temperatures are maintained at a 

constant l e v e l or p r o g r e s s i v e l y r i s i n g . - I t i s probable that 

a c t i v i t y i s sti m u l a t e d under conditions of r i s i n g temperature 

so th a t maximum a c t i v i t y w i l l be achieved at lower temperatures 

and i t i s these values which w i l l be of g r e a t e s t importance when 

comparing these experimental r e s u l t s with those observed i n the 

f i e l d . Temperatures below 10°C i n h i b i t locomotory movements 

although the o c c a s i o n a l f l i e s are capable of c r a w l i n g at much 
"• o 

lower temperatures and even f l i g h t at approximately 9.0 C. 

The range of temperature from 10°C to 23°C i s quite s u i t a b l e 

f o r a c t i v i t y of the f l i e s , the maximum f l i g h t a c t i v i t y o c c u r r i n g 

at 17°C. Of the d i f f e r e n t forms of. a c t i v i t y observed, the 

f l i g h t a c t i v i t y i s of g r e a t e s t importance s i n c e i t w i l l enable 

the d i s p e r s a l of the adult f l i e s from the streams- a f t e r emergence, 

mating, feeding, which, i n the case of the female f l y , i n v o l v e s 

the seeking out of a s u i t a b l e host from which to obtain a blood 

meal, and o v i p o s i t i o n . Both the o v i p o s i t i o n and b i t i n g a c t i v i t y 

of S.ornatum have been stu d i e d by Davies (1937) under f i e l d 

c o n d i t i o n s . He found that there was no c o n s i s t e n t tendency f o r 

the landing a c t i v i t y on the cow to i n c r e a s e with the temperature 

or to be d i r e c t l y r e l a t e d to the temperature i n any way. The 
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range of temperatures over which he observed the f l i e s 
o o 

landing on the cow was from 10 .C - 22 C, which i s i d e n t i c a l with 

the values obtained from l a b o r a t o r y experiments. He showed that 

wind speed was a major f a c t o r determining the landing a c t i v i t y 

and o v i p o s i t i o n a c t i v i t y i n the f i e l d . .It w i l l be seldom i n 

the f i e l d that temperature w i l l be the only, v a r i a b l e environmental 

f a c t o r s i n c e i t i s i n t e r - r e l a t e d with humidity and l i g h t i n t e n s i t y . 

I t would not be expected then th a t a c t i v i t y could be c l o s e l y 

r e l a t e d to the f l i g h t a c t i v i t y of the f l y under normal environmental 

co n d i t i o n s but i t i s only when the temperature becomes the f a c t o r 

l i m i t i n g the f l i g h t a c t i v i t y that the a s s o c i a t i o n between f l i g h t 

a c t i v i t y and temperature w i l l be seen.. .Since the environmental 

co n d i t i o n s i n the B r i t i s h I s l e s w i l l seldom reach values high 

enough to s e v e r e l y depress the f l i g h t a c t i v i t y , the r e l a t i o n s h i p 

w i l l best be seen at the temperature below which f l i g h t s are not 

observed.' I t would appear then that the r e s u l t s of the f i e l d 
observations confirm th a t f l i g h t a c t i v i t y of S...ornatum a d u l t s 

o • 
begins at 10 'C. 
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Summary 

1. I n two north-Pennine streams l a r v a e of Proslmulium h i r t i p e s 

normally occurred a t a l t i t u d e s below 450m and those of" 

P.inflat.um above 660m. .Sjmulium monticola and Simulium 

variegatum formed a mixed population along with P . h i r t i p e s 

below k^Om. and S.monticola probably had an extended range 

occurring together with P.inflatum at a l t i t u d e s above 660m. 

2. P . h i r t i p e s forms an i n c r e a s i n g proportion of the b l a c k - f l y 

l a r v a l population from November to May due to the a d d i t i o n 

of l a r v a e r e s u l t i n g from an extended hatching p e r i o d . 

3. The thermal sum from January to May .1957 was gre a t e r a t 

150m than a t kOOm and i s probably the normal case e_xcept 

perhaps during periods of f i n e summer weather* 

4. There are eigh t l a r v a l i n s t a r s during the development of 

• P . h i r t i p e s and the l a r v a l headr-capsule width provides a 

r e l i a b l e means of s e p a r a t i n g the l a r v a l samples i n t o 

i n s t a r groups. 

5. The f i r s t i n s t a r l a r v a of P . h i r t i p e s i s recorded f o r the 

f i r s t time i n the B r i t i s h I s l e s and i t s morphology c l o s e l y 

resembles that of the f i r s t i n s t a r l a r v a of a Canadian 

Prosimulium s p e c i e s , probably P.fuscum. 

6. The development of P . h i r t i p e s l a r v a e takes place more 

q u i c k l y at l80m and p r o g r e s s i v e l y slower at 300m and ̂ 30m, 

and the development i s at l e a s t i n pa r t d i r e c t l y r e l a t e d 



to the thermal sum. There i s a s i g n i f i c a n t c o r r e l a t i o n 

between the l a r v a l development and thermal sum at l80m. 

7. The dimensions of P . h i r t i p e s l a r v a e developing over a 

longer period of lower water temperatures are g r e a t e r 

than those of l a r v a e developing more q u i c k l y during 

periods of higher water temperatures.. 

8. I n l a b o r a t o r y experiments temperatures i n excess of 

16 UC - 18°C are harmful to .P.hirtipes l a r v a e and the e f f e c t 

of these temperatures i s accumulative. The l a r v a e of the 

winter generations of .S.monticola and S.variegatum are only 
• / 

s l i g h t l y l e s s a f f e c t e d by these temperatures. 

9. The r e s t r i c t i o n of P . h i r t i p e s l a r v a e to a l t i t u d e s below k^Om 

may be due to the thermal sum being i n s u f f i c i e n t to allow 

l a r v a l development to be completed by mid-May a f t e r which 

the thermal sum to a t l e a s t kOOm may reach harmful l e v e l s . 

10. The l a r v a e of P.inflatum develop i n c o n s t a n t l y cold water 

temperatures and the l a r v a l development period l a s t s 

'8 months compared to k - 5 months for P . h i r t i p e s . The 

presence of a long egg stage i n P . h i r t i p e s and i t s absence 

i n P.inflatum and the temperature regimes at the d i f f e r e n t 

a l t i t u d e s provide a b a s i s for the s e q u e n t i a l displacement 

of P.inflatum by P . h i r t i p e s l a r v a e a t lower a l t i t u d e s i n 

the streams-. 

11. .In l a b o r a t o r y experiments the a c t i v i t y .of Simulium ornatum 

a d u l t s i s r e l a t e d to the a i r temperature under constant 

humidity and l i g h t i n g conditions'. 
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12. Locomotory movements of S.ornatum a d u l t s commence at 
o o 10 C and the optimum temperature f o r f l i g h t i s 17 C 

when the r e l a t i v e humidity i s 95 - 100%. 
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