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Introduction

The  Simuliidae have a world-wide distribution,
being of great economic importance in many countries where
certain species are serious pests of livestock and man due
to their biting habits and their role as vectors for several
parasites: The death of farm livestock on a large scale has
occurred from time to time following the mass emergence of
black-flies from large river breeding sites, notably inmn
Saskatcheﬁan (Rempel & Arnason; 1947)1

In Great Britain few of the indigenous species are-
present.in lafée enough numbers to become serious pests
aithough they are known to bite a variety of birds and mammals

including man (Davies et al; 1962). Simulium ornatum Meig.

is known to transmit the filaroid nematode, Onchocerca gutturosa

to cattle in the British Isles (Steward, 1937) and it is probable

that black-flies act as vectofé in the transmission of various

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

in birds in Britain (Baker, 1958).

The immature stages of black-flies are entirely
aguatic and are common and often abundant in most relatively
permanent water courses throughout the British Isles, provided
they are not grossly polluted: Both the larvae and pupae have
essentially sedentary habits and show an exclusive preference

for moving water in their selection of attachment sites. The



reason for the selection of such sites by the larvae has
been the subject of much speculation; some authorities
claim that in this position they can best fulfil their
oxygen requirements (Smart; 1934; Rubzov, 1940), while
other; suggest that the advantage lies in its suitability
as a feeding site (wu: 1931; Zahar; 1951)2 Several workers
have noted that different assemblages of species are associated
with"water courses of different velocities and volumes of flow
(Zahar; 19513 Maifiand & Penny; 1967) , and Phillipson (1957)
in his study of the effect of current speed on the distribution
of two species of black-fly larvae suggests that velocity alone
could explain the larval distribution within a water course.
Edington (1968): however; in his s%udy of the influence of
water velocity on the habitat preferences of net-spinning
Caddis larvae; showed that although different sfecies had
definite water velocity preferences, these Qelocity preferences
could not be related to the sequential replacement of the
different species along the length of the water cgurse;
(This must be at least in part dependent on some other
environmental factor: most probably water temperature, while
thg selection of attachment sites within their range is
dependent on water velocity:

The effectlof water temperature on the development
of both black-fly larvae and pupae has been recorded on several

occasions; both in the laboratory and under normal environmental



conditions: The minimum water temperatures seldom prove
lethal and it is unlikely that larval development ever ceases
in certain species: even at stream temperatureé approaching
0°¢c (Davies; 1961): Moulting of black-fly larvae has been
seen to occur between 1°C - 3°C in both the laboratory and
the sfrééﬁ.(Zahar: 1951) although general developmepe was
retarded at these temperatures: Rising temperatures have
also been shown to accelerate the development o? the larvae
and pupae which consequently will determine tﬁé.dates on
which pupation and emergence of the adult flies will occur
(Zahar, 1951): Temperature not only appears to be a major
factor in determining the rates at which larval and pupal
development proceed: but also determines the extent of the
development: It has been noted (Smart, 1934; Zahar, 1951)
that pupae resulting from the overwintering larvae, developing
more slowly.in,generally lower water temperatureé, acHieve a
greater size-than fhose resulting from the more quickly
developing Summer generation larvae: This difference in the
éizes of the pupae is reflected in the sizes of the adult flies
(Edwards et al; 1939; Davies; 1957) which may in turn have some
effect on the reproductive capacity of the adult fliesc

The stream temperature seldom becomes high enough
to kill quickly and there are no records of high stream
temperatures causing mortality of black-fly lapvae; The major

factors responsible for decimating the larval populations seem=n



to be spates:;nd to a lesser extent predation by fish and
other water creatures (Maitland & Penny; 1967);

Temperature therefore acts mainly through its
effect on the rate and extent of growth and its consequent
effect on the time of emergence of the adult flies and to some
extent on the time Sf oviposition: It must therefore be a
major factor in determining whe&her or not a particular species
of black~fly can complete its life~cycle or cycles at a time
suitable for the emergence of the adult flies and for their
subsequent oviposition: It must be noted that since in
general the temperatures are suitable for development of the
larvae; it is not the level of temperature achieved, but the
thermal sum to which the larvae are exposed which is important
in determining the time of completion of larval development.
The thermal sum declines with increase in altitude so the
thermal sum at different altitudes in a water course will be
suitable for the completion of the larval deveiopment of
different black-fly species: This could provide a basis for
the sequential replacement of black-fly larvae at different

altitudes in a water course:

i It must be pointed out here that it is not the
altitude per se but the physical characteristics of the
environment"wﬁiph are dependent on the altitude above sea level,

such as temperature or the dissolved oxygen concentration of

the water. These physical characteristics, although closely



related to the altitude pef se; will be subject to local
variation such as the effect of the aspect of the stream
on the water temperaturec The altitude at which the thermal
sum is optimal for;the larvae of one black-fly species will
vary from year'to year with the yearly changes in water
temperature; but a general altitudinal range within which
de&elopment could be satisfactorily completed could be
established over a period of years: In species which have
more than one generation per year this range would be extended,
fewer generatioﬁs occurring at the higher altitudes (Zahar, l95i);'
The previous studies concerning the developmgnt_of
biack—fly.larvae and its relationship to tempe;ature have been
based on general observations of temperature or the temperature
levels during the period of study: The present study considers,

on a systematic basis; the relationship between the development

and altitudinal distribution of iggéimulium hirtipg; Fries;
larvae and the thermal sums to which the larvae are exposed
during their developmental period: It will be shown that
development of these larvae is very cloéely related to the
thermal sum and that the completion of development occurs at
a later date at the higher altitudes: The altitudinal
distribution of Etgg;giigg larvae in the stream is compared
with those of the larvae of other black-fly species present

in the stream during the period of study and an attempt.is

made to give an explanation for their different altitudinal



distributions; An attempt has also been made to explain
the absence of étﬁi;%iggg from the stream during the period
of higher water temperatures during the Summer months, while
other species of larvae are present at the same altitudes,
and are able to complete Summer genefations;

The study has; for convenience, been divided into
two sections; éectién 1l dealing with the field studies, and
with the lar%ﬁl temperature-mortality experiments,and Section 2
describes laboratory experiments investigating the relationship
between air temperature and the activity of the adult flies of

Simulium ornatum Meig;

This study was ;arried out from Summer-l956 to
Summer 1957; but Drf L: Davies; Department of Zoology,
Durham University: very kindly put at my disposal materials.
and data obtained from the study area during the previous

years 1954-561



Section 1

Growth of Prosimulium hirtipes Fries., larvae in Hill’

Streams of Northern England

1l.A. General biology of P.hirtipes and associated black-fly

species.

The species here described is the North European
form of _P-.hirtiges Fries. as re-defined by Edwards (1915)
"and Puri (1925): A careful examination of the larvae was
not carried out during the 1954-57 period of study to establish

the separation of these larvae from Prosimulium arvernense Grenier

(Davies, 1966);

A1l Prosimulium pupae obtained from the éfudy area

streams during this period possessed 16 respiratory filaments

g no-
and were therefore those of P.hirtipes while /P.arvernense pupae,
possessing 24-27 respiratory filaments, were obtained. The

larvae of P.arvernense are also known to occur in small rapid

stony streams, smaller than those inhabited by P;hirtipes, in
the Eastern and Midland regions of England and Wales, The

identity of all the Prosimul;um larvae in Crowdundle and Swindale

Becks, other than those of Prosimulium inflatum.Davies;_is therefore

assumed to be Prosimulium hirtipes Fries; This was confirmed in
1969 when some 40 Prosimulium larvae from Swindale Beck were

carefully examined and all proved to be Péhirtiges Friesﬁ
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In Britain the larvae of P:hirtiges are widely

spread throughout the hill streams of the Scottish Highlands
and in the Pennines from the Tyne-Solway gap to as far south
as Swaledale: They are also known to occur .in the Lake District.
The larvae inhabit the la?ge rapid mountain streams including the
"cascading parts of the la£ger streams on the valley bottoms, so
they occur from low altitudes up to about SOOm; The life
cycles of closelj related Pfosimulium sppt are well known and
have been.described by several workers; including O'Kane, Twinn,
Davies, D.M; and Rubzov: . Oviposition occurs in Ma& or June,
the eggs remaining on the bed of the stream until they hatch in
the Autumn; The‘larvae grow semi-continuousiy'during the ﬂinter
and early Spring, pupation and emergence occurring in late April
or May; The delay in the hatching of the eggs may be due to
some form of diapause which preﬁents_the larvaé of this species
being present in the stream during the period of higher Summér
water temperatures: Since.its developmenf is restricted to
the colder months and to the relatively colder hill streams
it is generally regarded as a cold water stenotperm; Tﬁére is
some evidence that the females are autogenous for their first
ovarian cycle (Davies, L;; unpublished observations), and perpabs
because of this little is kﬁown aboﬁt the biting activity of the
adult female flies;'

Three other black-fly species; Prosimulium inflatum

Davies, Simulium monticola Fried;, and Simulium variegatum Meig.
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occur along with P hlrtlEGS in both Swindale and Crowdundle
Becks.

In both Swindale and Crowdundle Becks the larvae of
P;inflaiu; collected during 1954-57 were all obtained from
altitudes of 660m or higher; except for 1 larva obtained at
630m on 22 November 1956; Collections from other streams in
the North Penninest Lake District and Scottish Highlands
(Davies; 1957a) also show a similar altitudinal range; The
larvae of P. 1nfi;££; are therefore confined to the headwaters

of rapid mountain streams: at altitudes of 660m or greater,

where the waters are permanently cold; The larval development
period is much 1ongéf than that of P;hirtiges which is completed
in 4.5 months, that of P.;ﬁflatum taklng approximately 8 months.
The size of the P&;;flatum larvae collected in November 1955 and
'1956 suggest that the larvae appear in the stream in early Autumn
and result from hatching some time in September or October,
Pupation does not occur until the following Summer since pupae
were collected from Swindale and Crowdundle Becks on 16 July 1953,
5 August 1954 31 dJuly 1955, and in the Cairngorms from 30 July -
2 August 1955. The development of P 1nf1atum larvae is therefore
slower than that of P~£;;tlées due probably to the lower water
temperatures. The slower rate of development of P.,inflatum
larvae is also illustrated by the fact that the larvae of both

P hlrtlges and. P 1nf1atum collected in March were of approximately

the same dimensions, but the larvae:of P.hirtiges pupated 1 - 13
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months later while those of P;inflaium did not pupate forsa
further 4 months despite the mature larvae of both species
having similar dimensions (Davies; 1966); The emergence of
the adult flies of iuiﬂéi;tum occurred from late July to
Augusf; It is therefore unlikely that the eggs of P.inflatum
undergo any form of diapause or dormaﬁcy as do the eggs of
P;hirti-;s; since %he time between thé emergence of the adults
and hatching céh be accounted for by 2 - 4 weeks from emergence
to oviposition by the female: and one month from oviposition to
the hatching of the egg: which is not an unusually long period
of incubation considering the low water temperatures. Only one
generation occurs during the year and therefore like P;hirtiges
it is univoltine: ‘

The remaining two species, S.monticola and S.variegatum,

are also sometimes regarded as cold water stenotherms since their
larvae occur in the relatively cold waters of rapid_hill streams:
Both species are however bivoltine; the Summer generation larvae.
being present in the relatively warmer water temperatures at this
time of the year: The_overwintering larvae of both species
produce adults which emergé from early May to June, while
emergence of the Summer generation adults occurs from July to

September; S varlegatum has a similar altitudinal range to

that of P hlrtlpes while S montlcola extends to much higher

altitudes. - At altitudes below 400m therefore these two species

often form mixed populations of larvae along with P.hirtiges;
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1.B. . Site of Fieldwork

The fieIdwo;k was carried out from November 1956 to
May 1957 in Crowdundle and Swindale Becks (Nat:grid refs;35/6832,
35/7029): These streams drain part of the wéstern slofe of the
North Pennine Ridge to the south of Cross Fell (Fig‘.l) and
eventually-flow into the River Eden: Crowdundle Begk rises
at 2760ft (823m) on the southern slope of Cross Fell and with
its tributarieg it drgins the western slope of the North fennine
Ridée from Cross Fell to Great Dun‘Fell; while Swindale Beck
rises at 2330ft (680m) on the western slepe of Knock Fell;

The stream profiles (Fiél2) are typical of those of
mountain str;ams: althoggh the gradients in the extreme upper
reaches ofmboth sjrgams are less steepﬁ The steeﬁest gradients
encountered.in both streams were 1 in 1;7m where the streams flow
over the escarpment formed by the faults of the Outer Pennine
Fault System; tﬁereafter the gradients stea§ily deqrease until
at 180m they are 1 in 40.7m for Crowdundle Beck and 1 in 42.4m
for Swindale Beck:

The extrgme upper reaches and the steeper escarpment
sectioné-of the.stréams above 400m flow over the rock strata
of the Lower Carboniferous Limestone Series with outcrops of
the Whin Sill (Dolerite): Sandstone and Melmerby Scar Limestone
occurring in the eséarpment sectioﬁst From 400m to 200m

altitude, the étreams flow over the rock strata of the Cross
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Fell Inlier consisting of rocks of the Silurian and
Ordivician period and several intrusive Lampophyne dykes.
Below 200m the streams flow over Stl Bees Sandstone of the
Triassic era:

The volume of flow in both streams is considerable,
even at ZOOm; and neither stream showed any signs of drying up
during the period 1954-57: The annual precipitation in the
fells which form the catchment area of these streams is
considerable, 102 inches (259mm) being recorded in 1954
(Coulscn;_l962) which is sufficient to sustain the water flow
even in the drier years:

The widths of the streams vary froem 0.5m, up to 1lKm
from the source; to 3 to 5m in the lower reaches approximately
6 or 7Km from the source:. The beds of the streams at all the
sampling points; except those above 650m, consisted of loose
stones between 5-50cms in 1ength: No rooted vegetation
occurred in the streams due to the scouring action of spates
which occur during'the Autumn and Winter and very little moss
growth was noted: Both streams rise on open moorland which
forms part of the Moorhouse National Nature Reserve with a

vegetation complex of Calluna; Eriophorum and Sphagnum species

(Cragg, 1961). The steep western escarpment has only a thin

peat covering and one of the dominant plants is Juncus squarrosus,

together with Deschampsia flexuosa, Festuca ovina, Gallium spp.

and Polytricum sp; in the drier parts and Eriophorum sp. and
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Sphagnum sp; in the damper parts; The lower reaches of
both streams are overhung by trqes; Swindale Beck flowing
through a shallow tree lined gorge for 3Km from 280m to 180m
while Crowdundle Beck is wooded for approximately 1Km from

210m to 180m.
1.C, Sampling Method

Three sampling sites were selected at 180m, 300m and
L20m in Swindale Beck and four sites at 180m, 275m, 400m and
420m in Crowdundle Beck; These sites were selected on the
basis of results from sampling along the lengths of both
streams during the previous years 1954-56 (Table l); At the
lower statioms Plhirtibes larvae were invariably present while
they were only obtained from stations above 450m during April
1954: This irregular'occurrence of Plhirtiges larvae above
450m and.the longer time requi;ed to obtain samples due to the
generally lower numbers of all black-fly larvae at the higher
altitudes led to the selection of sites between 180m and 450m.
The sites selected were typical sites for hill stream black-fly
larvae where the current is rapid; cascading over and between
stones; Both sites at 180m had a slower current due to the
lower gradient but they occur inhsteeper sections of the streanm

with a pronounced rippling current.
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Quantitative methods.of sampling were not used

since the object was to obtain samples of larvae which
represent the size distribution of the P;hirtipes larvae
present and not the relative abundance of larvae between the
sampling dates: Periodic collections of larvae were made at
the sampling sites by selecting and lifting stones from the
rapid sections; .Five to 30 stones usually yielded sufficient
larvae to- determine the broportion of P:hirtiges in the black-
fly larval population and also their size distributién. All
the larvae were removed from the selected stones with the side
of the forefinger and transferred into a_tube containing 70%
alcohol: This sampling technigue provided a good cross section
of the ?:hirtiges larval population: all instar stages, except
the first instar, beiné represented in the samples: There is
some evidence however that the 2nd and 3rd in§tar stages are
less efficiently obtained by this method of sampling, especially
in the early part of thé‘séason (November and December), when
the percentage of P:hirtipes in' the larval population is at
its lowest: In November 1968 a large sample of black-fly
larvae were collected while still attached to the petioles of
dead leaves (Acer sp:) which were trapped on the stones at the
180m sampling site in Swindale Beck. Of the 15,000 black-fly
larvae ccllected, onl& 6:9%'proved to be Pthirtiges of the
lst to 4th instars, and only 2 first instar larvae were found;

It is not. surprising therefore that no first instar larvae of .



17
P.,hirtipes were obtained in the necessarily smaller samples
obtained from 1954—57: The low numbers of 1lst instar larvae
of P;hirtiges in the samples is due partly to the short duration
of this stage; approximately 2 days (Davies; 1960), part of
which will be taken up by the dispefsal of the larvae from their
oviposition sites: It is probable also that the relatively
shorter durations of the 2nd and 3rd instars will be a factor
contributing to the lower numbers of these larvae in the
samples;

Samples of the larval black-fly population were
collected from the three sites in Swindale Beck (180m, 300m,
430m) at regular intervals from November 1956 to May 1957,
and samples were also collected from four sites in'browdungle
Beck (180m, 275m; 400m; 420m) on 19 December 1956; 8 January 1957,
15 January 1957 and 23 January 1957. Sampling in Crowdundle
Beck was disccntinued aféér 23 January 1957 pecause the
percentage of P;hirtipes larvae was tobnémall to provide a

reliable estimate of the size distribution of the larvae present.

1.D. Altitudinal distribution of P;hirtipes larvae and
their proportion in the black=fly larval population

at differeht times during the year

The percentage of P;hirtigeé in all the larval samples

was readily determined as the larvae were quite distinct from
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those of the other species present at all stages in their

development; The larvae of S.monticola and S;variegatum '

. are not easily distinguished; especially in the early instars,

so no separation of these larvae was attempted; The percentages

of P,hirtipes in the larval'samples obtained from Swindale and

Crowdundle Becks from November 1956 to May 1957 are given in
Table 2; The percentages of P:hirtipes in the larval sgmples

from previous years are given in Table l:

.Pihirtiges larvae form a progressively larger
proportion of the total black-fly .larval populati;n as the
season progresses (Figt}) until the og§et of pupation in April
or early May, and this increase is more.marked as the altitude
decreasesﬂ Prior to the hatching of the first P;hirtipes
larvae in the Autumn, the black-fly larval population consisted

~entirely of S.monticola and S.variegatum larvae which have

hatched from the eggs of the Summer geaneration adults; These
larvae showed éﬂlafge size distribution due to an extended
period of hatching which was seen to continue through the Winter
months; Hatching of P:hirtipes larvae-beginé in late October
or early November and results in the steady increase in the
proportion of P:hirtiges larvae in the pépulation: Between

30 January and 19 February there was a marked rise in the
proportiog of P;hirtipes larvae at 180m which did pot occur

at the higher altitudes; and corresponded with a large number

of the smaller larvae in the sample on 19 February (Fig.4)
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Larval Head-capsule Widths
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which resulted from a large hatch in late January; Very
little hatching occurred after 19 February as very small
larvae were absent from the samples at all altitudes after
this date; The proporticn of P:hirtipes larvae in the
population however continued to increase; which must have been

due to the loss of S.monticola and S.variegatum larvae from the

larval population; This continued rise was probably due to

limited pupation of the larger S.monticola and S;variegatum

larvae with the arrival of the warmer water temperatures in
mid March: The fall in the proportion of P:hirtiges larvae
on 5 April at 180m; 25 April at 300m and 4 May at 430m
coincides with the occurrence of the pupae of P:hirtipes at
these altitudes: The fact that the proportion of P;hirtiges
larvae falls with the onset of pupation of this species shows
that pupation of Plhirtiges larvae is spread over a much
shorter period than pupation of the other black-}ly larvae
present in the population: The rise in the proportion of
P.hirtipes in the larval population after 15 April at 180m
is due to later pupation of larvae resulting from the large
later hatch in January:

The decrease in the proportion.of P:hirtizes larvae
in the black=fly larval population with increase in altitude
between 180m and 430m; and the very low percentage of this .

species at #BOm; indicates that 430m is near to the upper

limit of the altitudinal range of P.hirtipes larvae in
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Swindale Beck during the 1956-57 season: A similar
altitudinal distribution of P:hirtipes.larvae is seen when
the percentages of P:hirtipes larvae in the samples taken
from both Crowdundle and Swindale Becks; 1954-56; are examined:
P;hirtiges larvae were invariably present in the samples obtained
below 450m where they formed 20-50% of the total larval population,
whilg in samples obtained aboéve 450m_they-ére absent or form a
very small proportion (Table 3): The upper limit of the
distribution of P:hirtipes larvae in both Swindale and Crowdundle
Becks appears, in most years; to occur at approximately 450m;
A similar altitudinal distribution of PZhirtiEes was also found
in other streams (Table 4) draining the western slope of the
North Pennine Ridge and in three streams in the Upper Spey
Valley, Invernes;#éhiret

.P;hirtipes larvae formed the highest proportion of

the black-fly larval population at 275m in Crowdundle Beck on
all occasions, and at 300m in Swindale Beck ig April 1955 and
March 1956: JIn the reéaining two years when samples were
taken the proportion was greatest at 180m in Swindale Beck:
If we assume that P;hirtiges larvae will form the greatest
percentage of the larval population at the centre of its
altitudinal range, the central point of its altitudinal range
would lie between 180m and 300m in Swindale and Crowdundle Becks.,
The year 1954 seems to have been an exceptidnal year for

P.,hirtipes larvae in Swindale Beck for not only did they form



TABLE 3. The occurrence of Pr_osimulium hirtipes larvae

above and below 450m

180 - 450m 450 - 800m
No. of % No. of - %
larvae hirtipes larvae hirtipes
CROWDUNDLE BECK |
16 Apr. 54 611 13.2 284 0.7
14 Apr. 55 1063 21.3 35 0.0
SWINDALE BECK
15 Apr. 54 429 61.5 626 3.3
23 Apr. 55 1160 46.5 148 0.0
23 Mar., 56 2721- 37.5 269 0.0

22 Nov. 56 3316 1.1 924 0.0
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a very high proportion of the total black-fly larval
population but their altitudinal distribution was greatly
extended forming 415%fof the sample at 630m which is only
100m below the source: The proportion .of P:hirtiBes larvae
was also higher during this year in the samples obtained from
Crowdundle Beck and there is some evidence of an extended
altitudinal distribution in that one larva was present in a
sample obtained at 630m: The reason for this extension of
the altitudinal range during this year is not clear but it
does serve to illustrate that suitable sites are available

for the development of P.hirtipes larvae above 450m,

1.E. Seasonal Development of Prosimulium hirtipes larvae

at different altitudes

In order to assess the development of the larvae
it is necess;ry to obtain a measure of their growth in size
and if possible to achieve their separation into instars so
that the development can be followed from instar te instar:
Since the morphology of the different instars was not known
and only the final and first instar (unknown for this species
at the time of study) stages could be identified with any degree
of certainty, it was decided to obtain growth measurements and
to use these to follow the development of the larvae and also

if possible to use them as a basis for the separation of the

larvae into their respective instars.
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The more highly sclerotized parts of the larval
cuticle were selected for measurement since these will show
the least variation in dimensions during an instar stage,
thus giving a better separation of the instars: Terterjan (1957)

showed that the head-capsule width provided a more reliable

means of separating the instars of Simulium (Wilhelmia)
paraequina Purit than measurementé of the softer parts of

the larva's body: Grenier (1960) also showed that measurement
- of the length of the highly sclerotised mandible provided a
reliable basis for the separation of some-of the instars of

Simulium damnosuﬁ Theobald; Measurements of the head-dapsule

widths and the widths of the hypostomial teeth were made on a
trizal series of larvae and the former were adopted since they

appeared to provide a better separation of the instars.

1.E.(i) Samﬁling and measurement of larval head-capsule

width

ASamples of larvae were obtained at 2 to 4 week
intervals from lSOm; 300m and 430m in Swindale Beck, throughout
the development period from 22 November 1956 to 15 May 1957;
The three sites cover the altitudinal range of P:hirtiges
previously described: The samples were collected as described
earlier and after separation of the P:hirtipes larvae and
determination of their percentage in the sample; the larvae

were carefully decapitated in 90% alcohol; ‘The decapitated
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heads were then carefully arranged sn a microscope slide
in a drop of Euparal which facilitated their correct
orientétion; Each head capsule was arranged with the dorsal
surface uppermost and the width of the head-capsule was
measured between the eye-spots using a microscope fitted with
a micrometer eye piece; The optical system of the microscope
gave a magnification of 100x: The micrometer scale in the
eye piece had 100 divisions and it was found that 79 divisions
of this scale were equivalent to 1mm: The head-~capsule widths
throughéut this account will be measured in "divisions'" where
1 division = 1/79th mm:- Where possible in the figures the
measurements in millimetres are shown along with the measurements
in "divisions": Any head capsules which were damaged during
sampling were discarded: These amounted to 4;5% of the totai
number of larvae which is relatively small considering the
method of sampling:

In all, some 6632 larvae were measured, these being
obtained from different altitudes in two streams over a period
of 5 years and for one of these years: being obtained at
regular intervals throughout the developmental period; The
results of thesf measurements are shown as a polymodal head-
capsule width distribution (Figt5b) and as head-capsule width
distributions for the separate samples from 180m and 300m in
Swindale Beck, 1956-57 (Fig-."ﬁ)_." ‘The head-capsule width
distribution for the larvae obtained from Swiﬁdale Beck on

23 November 1968 is also included in.Fig;Ba:



Fig. 5. Polymodal Head-capsule Width distributions of

P. hirtipes larvae and their separation into Instar

) distributions.
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l;E;(ii) Measurement of growth by use of the mean

head-capsule width

A measurement of the growth attained by the P:hirtipes
larvae in each sample can be obtained by calculation of the mean
head-capsule width of the larvae in each sample; those for the
samples obtained from Swindale Beck: 1956-57; are given in
Table 5.

As expected;'the larvae in samples from all altitudes
show an increase in their mean head-capsule width from the
beginning to the end of the season: but tﬁe pattern of this
increase is far from uniform: The increase in the mean head-
capsule widths of the samples from 180m and 300m remains low
during the earl& period of develocpment until the end of February.
This is due partly to the continued addition of small larvae to
the sample resulting from the prolonged period of hatching at
both altitudes, small 2nd instar larvae being present in the
samples taken at both altitudes on 30 January: The occurrence
of the very large number of small larvae in the sample from
180m on 19 February 1957; resulting from the large late hatch
at this altitude, caused a reduction in the mean head-capsule
width or 'megative" growth; .Although a similar change did not
occur at 300m it does emphasise the need for caution when
interpreting mean head-capsule width data ;; terms of growth,
while hatching is still occurring: It resulted in an apparent

reversal of the growth of the larvae-at 180m and BOOm; Up to
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30 January thellarvae at 180m had a mean head-capsuls width
greater than that of the larvae at BOOm; but because of -the
pattern of hatching; the larvae at 300m had a mean head-capsule
width greater than that at 180m from 19 February until 25 April
when the former position was restored: due to the more rapid
growth of the larvae at 180m during this periodl The pattern
of development between the earlier sampling dates at 430m was
similar to that at lSOm; but since there was no evidence of a
similar pattern of hatchiﬁg at this altitude; it must be due
to errors in the calculation of the mean head-capsule width
resulting from the extremely small numbers of larvae in the
samples at this time:

The larvae at 180m reach their maximum growth

earlier than those at 300m; the mean head-capsule width of‘
59:3 divs: being very close to the mean head-capsule width
of the known last instar larvae (62:1 divst); indicating
that the majority of éhe larvae have reached the last instar
{. (81:2%): The maximum mean head-capsule width of 58:2 divs.
achieved by the larvae at 300m does not represent their
maximum growth, since only 62:5%'of the larvae in this sample
had reached the last instar and sampling was discontinued
after this .date (15 May 1957)-: The larvae at 430m had a
mean head-capsule widfh of 58?9 divst on 25 April 1957
which was greater than that acﬂiéégd bj‘Ehe larvae at 180m

on the same date, and was approximately the same as the
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maximum mean head-capsule width achileved by the larvae at
180m. Since the larvae in the 430m sample consisted of
68;3% final instars, 2414%57th instars: 4;9%:gth instars
and 2.4 5th instars, it might be expected that the larvae
developing at 430m will achieve a larger mean head-capsule
width than those developing at lSOm: The early attainment
of this large mean head-capsule width by the larvae at 430m
may be the result of a short; concent;ated hatch in the early
part of the season and the absence ofj or greatly reduced |
later Haﬁching which had the effect of reducing the mean
head-capsule Qidths at the lower altitudes:

Last instar larvae; as distinguished-by the presence
of black pupal respiratory filament histoblasts occurred earlier
in the samples obtained from 180m in Swindale Beck, 1956-57
(Table 6) than at the higher'altitudes: It will be seen
1ater.however that last instar larvae were present in the
stream prior to these dates; on 8 March at 180m and 430m,
and 23 March at 300m (Fig:ll); the early appearance of the
last instar larvae at 430m perhaps indicating an earlier
starting of Autumn hatching at this altitude:

Pupation of.P:hirtiBes larvae began between
23 March and 5 April at 180m; between 15 April and 25 April
at 300m, and between 25 April and 5 May at 430m; pupae of
P;hirtipes being observed in the stream at each of these

altitudes on the latter dates stated: Observations of the
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occurreﬂCe of the last instar larvae about to pupate, i:e:
those with black pupal respiratory filament histoblasts, and
the time of pupation of the larvae at the different altitudes,
confirm the previous observations that the development of the
larvae is quicker at 180m than at 300m and 430m: The later
pupation at 430m also suggests that development of the larvae
is slowest at the highest altitude: It is also interesting
to note thét the time from the first appearance of the last
instar larvae in the samples to the beginning of pupation
increased with altitude; being 28 days at 180m; 33 days at
200m and 58 days at 430m; again suggesting slower development
with increase in altitude:

Data from both Swindale and Crowdundle Becks in
the previous years; 1954-56 (Table 7); when samples were
obtained from different altitudes on the same date, also shows
a decrease in the mean head-capsule width as the altitude
increases: On 19 May 1955 in Swindale Beck pupation and
emergence were completed at 180m while at 300m numerous
pupae were present; some empty; but no larvae showing that
pupation was éomplete but emergence of the adult flies was
still in process; At 400m however 1arvae_vastly outnumbered
the pupae and no empty pupal skins were found; showing that
pupation was in process but emergence of the adult flies had

not begun at this altitude. Thus pupation of the larvae in

Swindale Beck during 1955 was at least 2 to 3 weeks later at
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430m than at 180m, which is similar to what happened in
1956-57 when pupation was 3 to 4 weeks later at 430m than
at 180m. |

From the evidence of the mean head-capsule widths
of the larval samples and the occurtence of the last instar
larvae and pupation, there seems little doubt that development
of the larvae proceeds more guickly at the lower altitudes,
and the differences in the rates_of development would have
been more marked had it not been obscured by the appearance
of a second large hatch at 180m in Swindale Beck in 1957.

The mean head-capsule widths of the larval samples,
although providing a general ba51s on whlch the development
of the larvae could be studied at the -different altltuges,
was not sufficieﬁtly precise to enable a more detailed
analysis of the larval development espec1ally durlng the
early period when hatching was occurrlng. It was necessary
therefore to separate the larval samples into their respective
instere and this necessitated the recognition of the larval
instars on the basis of their head widths; and later:by other

criteria.

1.E.(iii) - Determination-of the number of larval instars
for P;hirtiges
(a) Examination of the head-capsule width distributions
. An analysis of the polymodal head-capsule width

distribution for P.hi:tiges (Fig.5b); including measurements
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from some 6506 larvae obtained from both Swindale and
Crowdundle Becks; 1954-57; was made: Since there is no
statistical method available for the analysis of pqumodal
distributions, certain basic assumptions were made to facilitate
this analysis:

Of the several instar head-capsule width distributions
which make up the polymodal distribution; only that of the last
instar can be separated with any degree of certainty using data
relating to the known last instar larvae with black pupal
respiratory filaments: These larvae were found to have a
mean head-capsule width of 62:1 divs: In the remaininé
distribution distinct peaks occurred at 23 divs., 32 divs.,
and 41 divs:, and from 41 divs: to 75 divs:'only one peak was
distinct at 53 divs: Since the mean head-capsule width of
the last instar larvae .is 62;i divs: and the range of head-
capsule widths from 41 divs: t? 75 divs: is grggter than the
range covered by the reét of the distribution &hich included
tﬁree distinct peaks; it can be assumed that this part of the
distribution represents two distributions which show a greater
degree of mergence; It was also assumed that another peak
occurred at the lower end of the distribution at approximétely
18 divs; which was obscured by the larger numbers of larvae
in the.higher distributions: This may be justified since
the first instar, which must be less than 11 divs: would have

"to more than double its size to reach the first distinct
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distribution with a peak at 23 divsl - It was assumed

therefore that 6 peaks were present in the distribution

represénting 6 larval instar distributions: Since the mean

head-capsule widths of all the instars: except the last, cannot
be calculated, it was assumed that Dyar's Growth Rule was
applicable, and it was found that a Gro&th Index of ll28
provided the best fit to the observed peaks of the distribution
and the caléulated mean head-capsule width of the last instar
larvae; .The true mean head-capsule widths of the 6 instar
distributions were taken as 62:1 divél for the last instar
distribution and the 5 mean head-capsule widths of the
remaining 5 instar distributions were calculated from this,

using a Growth Index of 1328?

It was next assumed that é

a: the head-capsule widths in each larval instar distribution
show a normal distribution about the mean:

b; the maximum deviation from the mean is equal to the
difference between the true mean of the instar head-
capsule width distribution and the true mean of the
instar head-capsule width distribution aboveg; For
the last instar distribution the maximum déviation was
taken as being the upper end of the‘distributionc

c. the maxima of the polymodal distribution are the
ma#imum values at tpe true means of each instar head-

capsule width distribution (= y).
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The standard deviation (6~ ) for each instar head-capsule

width distribution was then -calculated

True mean of 3rd instar distribution - True mean of 2nd I'.D'..

g = -
3,2
The number of larval head~capsule widths in each instar

distribution can now be calculated from the general equation

for a normal curve

x* z3

N “202 ~2

]==rﬂ76 or N=]rﬁﬁe

Since the value of y is taken atz;he true mean x =0

~75% _
It follows then that = |

Therefor-e_ . N = )I 0'\/‘2.11'

Using this formula the numbers of larval head-capsule widths (N)
in each instar distribution were célculated and comparéed with
the known total,number?{arval measurements (6500)-.- The numbers
of larval head-capsule width measurements were then proportion-
ately adjusted so that they totalled 6500 and the standard

deviations for each distribution were adjusted accordingly'.'



Example

2nd Instar
3rd
Ltn
5th
6th
7th

8th

measurements in the polymodal distribution, the calculated

y (max.)

2
15
142
179
210

1hk
95

True
mean

0.938
1.094
2344
2.813
2.813
3.750
bl

Total

N
5
4y
835
1263
1481

1354

963

5942

N (adj.)
5
45
913
1381
1620
1481.

1051

6499

Since there are 6500 larval head-capsule width

32

o—(4dj.)
1.026
1;197
2.564
3.077
3.077
4,102

s b2k

numbers of larval measurements (N) in each head-capsule width

distribution is increased by

of larval-head-capsule width measurements is as nearly as

igg%g : so that the total number

possible equal to 6500. The standard deviation is then

adjusted to accommodate the increased numbers of measurements

in each distribution.

On this basis normal distribution curves were

constructed for each instar distribution and a composite

polymodal distribution was produced for comparison with the

observed polymodal distribution.

When this was done the

calculated polymodal distribution gave a much greater separation
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of the penultimate and final instar distributions than
occurred in the 6rigina1 polymodal distribution so we must
assume that Dyar's Growth Rule; ifet a constant:growth
increase factor,-does not hold true for growth between the
penultimate and final instars: The remaining instar
distributions showed separations of the peaks similar to
those in the original polymodal distribution but slightly
displaced to the lefti

A second polymodal distribution was next calculated
taking these observations into accounti- It was assumed in
this case that the peak at 53 divs. represented the true mean |
head-capsule width of the penultinate instar distribution and
that Dyar's Growth Rule only held true for the first 5 instar
distributions of the polymodal distributionf Using a Growth
Index of 1:31 which;prod&ced a good fit with ﬁhe peaks of the
first 5 instar distributions: the true means of these
distributions were c;iculatgd: .The true mean of the finél
instar distribution remained at 62:1 divsf The same procedure
was used as previously; except for the calculation of the
standard deviation of the penultimate instar distributiona
In this case it was calculated from the difference between
the true mean of the penultimate instar ‘distribution and the
true mean of the instar distribution below; instead of the
true mean of the instar distribution abovef This was necessary

as the penultimate and final instar distributions have a greater
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degree of overlapping, so that calculation of the standard
deviation from the difference between their true means would
produce a fglse impression of the deviation of £he head-capsule
widths in the penultimate instar distribution:

The second calculated polymodal distribution fitted
the original polymodal distribution very well and proviaed a
basis on which further work could be done to more clearly
separate the larval head~capsule width distributions of the
separate instarsq

On the basis of this analysis it seemed that there
were 7 larval instars during the deveiopment of P:hirtipes
larvae, the lst instar which had not been found in fhe samples
and 6 others which were represenfed in the polymodal
distributionﬂ

The earliest instar distribution which was obscured
by the larger numbers of measurements in the later instar
distributions was next investigatéd to try to establish its
presence with greater certainty: The lower end of the
polymodal distribution (11l-23 divs:) was plotted on probability
paper and an inflexion at 17 divsi in the expected straight
line indicated that the distribution was bimodal over this
range of larval head-capsule widths: The number of head-
capsule width groups was however small so that no accurate
separation of the two distributions could be made using the
graphical method for the separation of bimodal distributions

(Lewis & Taylor; 1968)," The calculations made indicated that
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the mean head-capsule width of the earliest instar
distribution lay between 14;5 - 17:5 divs:

The distributions of the larval head-capsule widths
of the penultimate and final instars indicate that the amount
of growth occurring between these instars is proportionately
less than between the earlier instars which approximately
follow Dyar's Growth Rulé: This is to be expected since
the pupal aﬁd imaginal histoblasts show their greatest
development at this time and therefore a larger proportion
of the resources of the organism will be used for the
development of these structures and therefore less to the

increase in the size of the larval structures.

1.E.(iii) (b) The morphological study of.P;hirtiEes larvae

It was decided to obtain a large sample of
P.,hirtipes larvae at the beginning of the season, during the
initial period of hatching; to try to establish the existence
of the earliest instar with a mean-head-capsule width of
between 14;5 and 17;5 divs: and to make a study of the
morphology éf the 1arvae'to confirm or reject the different
instar distributions as postulated in.£he analysis of the
polymodal distribution of the larval head-capsule widths:

& large sample of black-fly larvae; approximately
15,000, was obtained from Swindale Beck at 180m on 23 November
1968: Since large numbers of dead leaves were trapped on the

rocks of the sampling site, the opportunity was taken to employ
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a different sampling technique wﬁich would ensure the
collection of small 1arvae: The petiolés to which many larvae
were clinging were detatched and transferred; with the larvae
still attached, to tubes containing 70%-alcohol:l The percentage
of E;gi;tipes larvae was very low and only 133 P:hirtipes larvae
were obtained: The head-capsule widths of the lafvae were
measured, 2as previously; using the same scale (79 divs: = 1mm;)t
The larvae were not however decapitated so that the width of
thbshegd-capsule could later be related to the morphology of
the entire larva: The distribution of the head-capsule widths
of these larvae is ;hown in FiQtEaj The larvae included 2 first
instar larvae and the remaining larvae varied in head-capsule
width between 11 - 24 divs: The smallest larvae; excluding
the first instar larvae; had head-capsule widths equél to the
head-capsule widths of the smallest larvae obtained during
sampling in the years 195#-57: The distribution is polymodal
showing three distinct peaks at 12 divsi: 15-16 divs:; and
23 divs@} the latter corresponding to the first distinct peak
of the polymodal distribution for 1954-57? ' This indicated
that 3 instar distributions were preéént in addition to the
1st instar: The peak at 15-16 divisions confirms the presence
of the suspected instar distribution with a mean head-capsule
width between 14:5 - 17:5 divs:.in the 1954-57 polymodal
distribution, while the pesk at 12 divs., which had not been
suspected, indicated the presence of an additional instar

distribution; The data from all head-capsule width distributions
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thus indicates that eight instars are present during the
larval development of Pthirtigesi The mean head-capsule
widths of these instars are sﬂown in Table 8 along with the
respective Growth Indices:

The number of instars during the development of
black-fly larvae has been the subject of much research and
a historical survey is well set out by Grenier (1960)?
The concensus of opinion is that there are usually 6 ingtars
during the development of black-fly larvae. Puri (1925),
on the basis of morpholegical characters alone; was able to
distinguish 6 instars during the development of both Simulium

aureum Fries. and Simulium erythrocephalunm Degeer; Most other

workers have relied, at least in ‘part, on biometric studies for
the separation of the instars; That of Terterjan (1957), who

established 6 instars for Simulium (Wilhelmia) paraequina Puri.,

is particularly notable for the biometrical study of many of
the larval structures 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 separation
of the larval instars: Gfenier (19§O) however relied more on
morphological characters for the establishment of 7 instars in

the development of Simulium damnosum Theobald larvae, but he

relied on measurements of the length of the mandible for the
separation of the 5th and 6th instar larvae. The use of
good morphological characters in the separation of the instars

is to be desired since they are less subjecf to variation due




TABLE 8, The mean head-capsule widths of the instars of

P.hirtipes larvae and Growth Indices

INSTAR 1 2 3 4 5 6 7 8

Mean head-capsule

width (divs.) 1o 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 conditionsl It is seldom in
biometric studies that the instars can be completely separated
and most workers have shown considerable overlapping between
the instars (Smart, 193%; Terterjan; 1957; Grenier, 1960;
Harrod, 1964): The use of preliminary biometric studies is
however very useful in indicgting the number of instars and
the mean head-capsule widths of their instar aistributions;
fhis would be very useful as this would enable groups of
larvae to be obtained for morphological study which will be
almost entirély composed of larvae of the same instar staget

In this study the reverse is true since the only
data available for the separation of all the larval instars
are the widths of the head—capsules; these having .been discarded
after measurement: The purpose of the morphological s?udy in
this case is to confirm the previous conclusions drawn from the
analysis of the polymodal distribution of the larval head-capsule
width measurement§? The morphological terms used in this account
of the morphology of the larvae are mainly those proposed by
Crosskey (1950):

The morphology of 50 P:hirtigei larvae was studied,
the smaller larvae being.obtained from Swindale Beck at 180m
on 23 November 1968 and 4 January 1969; while the larger larvae
were collected from the river Belah: Westmorland; on 11 May 1963
and were kindly provided by Drl L: Pavies: In the case of the
smaller larvae it was possiﬁle to examine a number of larvae

with the same head-capsﬁle widths which corresponded to the
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peaks of the polymodal distributions, but the smaller
number of larger larvae available necessitated the examination
of larvae over a range of head-capsule widths lying within the
later instar distributions (Table 9):

The larval head widths had been previously determined,
s0 the larvae were decapitated and the head capsules carefully
dissected; The large cephalic fans; ~ the mandibles and
maxillae; the hypostomium and the antennae were then mounted
in Euparal under separate coverslips: The thoracic and
abdominal sections of the larvae were next carefully hydrated
before the posterior attachment~6;gan aﬁa anal é;lerite were
dissected out and mounted flat in .a water mounting mediud:
This medium caused no hardening of the tissues and this
facilitated the more effective flattening of the posterior
attachment organ during mountingf The particular ﬁbath};s
examined were the number of rays in the large cephalic fans;
the number of antennal joints and their proportions (FigiGH);

- the proportions of the mandibles (Fig;—.:6J) together with the
numbers of preapical spines and the number of teeth on the
inner preapical ridge (Fig:6K); the proportions of the
sclerotised region of the maxillary palp (Figt?); the number
and arrangement of bristles on the hypostomium together Qith
the proportions of the hypostomial teeth (Figs: 7 and 8);

the number of raéial rows in the posterior attachment organ

and the number of hooks per row.
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Using a Baker microprcjector and the mirror of
a Camefa Lucida the larval structures were projected onto a
sheet of drawing paper mounted on an inclined board to avoid
distortion: All features which were to be measursd were
first drawn and after projection of a millimeter scale
(O&Olmm divisions) onto the sanme sheet: meg;uféments were
made as shown in the figures: All the smaller features,
especially with the smaller larvae; were- carefully checked
with the use of an oil immersion leas (x 800). A full record
of all the measurements and observations made == included in
Tables 10 (a) = (f); which also include some measurements of
the next instar structures which were visible in some of the
larvae about to moult into the next instarf The nomenclature
of the antennae is the same as that used by Grenier (1960)%
The method of méasuremént 55 the antennae is showﬁ in fié:%H%’
Since the exact positions of the antennal_joints between the
sensilla and joint 3; and between joint 3 and joint 2, were
not clear and £herefore the measurements of joint 3 refér to
the length of the darkly sclerotised region which was more
readily discernible. The distal end of joint 2 was also
taken as the mid-point of a line drawn between the bases of
the more‘conspicuous spines between Jjoints 3 and 2; The
methods of measuring the mandiblesj maxillae and hypostomial
teeth are illustrated in Figs: éJ and 7: The relationships

of the lengths of the central and lateral teeth of the
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¢—sensilla

'y,

apical teeth

2

preapical teeth
N\
preapical spines <7 A\
\ \ K
’\ = inner preapical ]

E ridge
o

1

H . | l 01 mm J
FIG. 6.- ANTENNAE and MANDIBLES of Prosimulium hirtipes larvae:

A-H: The growth of the Antennae from 1st. to 8th. Instars

(; Mandible of 7th. Instar larva.

J:Mandible of 8th. Instar larva.

K:Mandible tip of 8th. Instar larva giving the nomentlature
of the teeth and spines. '
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STAGE | STAGE VII
| A

FIG. 8. HYPOSTOMIA OF THE 8 LARVAL

INSTARS OF Prosimulium hirtipes.




TABLE 10,

Morphological Data for Prosimulium hirtipes larvae

10(a) 2nd Instar larvae

10(b) 3rd and 4th Instar larvae

10(c) 5th Instar larvae

10(d) 6th and 7th Instar larvae

10(e) 8th Iﬁstar larvae

10(£f) Morphological data for fo}lowing instars from

larvae about to moult

All measurements, excluding the head-capsule width,
are given in 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
asterisk,
The proportions of the hypostomial teeth are summarized
below each table; the nomenclature used follows that given in

Fig,7.

L = Length W = Width
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hypostomium differ from instar to instar and for ease of

description the teeth have been numbered as in Fig;7;

The morphological study of the larvae showed that

the first, second, third, fourth and eighth instars could be

separated on the basis of morphological characteristics in

addition to their distinction on the basis of head-capsule

width, as follows =

Instar

Instar.

Instar

Instar

1.

Egg bursting tooth present
One antennal joint in addition to the sensilla
No cephalic fans preseht

One pair of bristles present on the hypostomium

Egg bursting tooth absent
Two antennal Joints in addition to the sensilla
Cephalic fans are present

One pair of bristles present on the hypostomium

Three antennal joints in addition to the sensilla,
joint 3 being longer than joint 2 + joint 1

Two pairs of bristles present on the hypostomium

Three antennal joints in addition to the sensilla,
joint 3 being shorter than jeint 2 + Jjoint 1 and
joint 2 is longer than joint 1

Three pairs of bristles present on the hypostomium

41
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.Instar 8;.Pupa1 respiratory filaments are black when
fully developed
Mandible is elongated; the length being 2;14 -
2.29 x the width
Large cephalié fan has 40-44 rays
Radial rows of hooks in the posterior attachment

organ have up to 15 or 16 hooks

The above features represent only the principal_morphological
differences, but_differences in the numbers of rays in the

large cephalic fan; the number of preapicai spines on the
mandibleé, and the proportions of the hypostomial teeth

provide additional evidence for the separation of the instars:

A number of second instar larvae which were about to moult
showed developing skeletal structures; vparticularly the number
of hooks in the radial rows of hooks in the posterior attachment
organ,lthe number of preapical spines on the mandible, and the
number of bristles on the hypostomium which correspond with

the features of the third instar larvat .. The changes in the
structure of the antennae described by Puri (1925) and also
noted by Terterjan (1957) and Grenier (1960) also hold true

for the first four instars of P.hirtipes. The numbers of
pairs of bristles on the hypostomium of P:hirtigesflarvae
however differs from that described by Grenier for Simulium

damnosum but agrees with Terterjan's observations of the

larval instars of S.(W.) paraequina for the second to fourth
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instars, differing only in the presence of one pair of
bristles on the hypostomium ;f the first instar larva.

The recognition of the final instar by the separation of

the cervical sclerites from the post—oqciput or collar, as
occurs in several species of-black-flj larvae and used by
Grenier as one of the principal features by which he recognised
the final (7th) instar §f §;ggg£g§gg: does not occur in the
final (8th) instar of ;THE;EiEes:

Examination of the morphology of the fifth to
seventh instars did not provide as clear evidence for their
separation as was ogtained for the other instars; The sixth
to eighth instars do however show the progressive development
of the pupal and imaginal histoblasts;'no development’of these
histoblasts being noted in the fifth iﬁstar larvae exgmiyed.
The stage of development of these histoblasts was not uéed'
for the separation of the sixth andseveth instars as there
seemed to be no distinet change between thé instars, but
rather progressive development during the instars: If however
a number of morphological characters are used; the fifth and
seventh instars can be separated with a good dégreéﬂPf
certainty: |
Instar 5}:No evidence of imaginal or pupal histoblasts;

24k to 29 rays in the large cephalic fan;

6 - 8 preapical spines on the mandible (usually 7);

Tength of the mandible .198mm to .24k mm;



Instar 7.

3 antennal joints in addition to the sensilla;
Joint 3 is shorter than joint 2 + joint 1,

joint 2 + joint 1 being 1:5 x to 2 x joint 3:
Joint 2 is equal to or less than joint 3;

3 - & pairs of bristles on tﬁé hypostomium;
Width of the hypostomial teeth .O049mm to .060mm;
The central tooth of the hypostomium exceeds the
lateral tee;h.;nd central tooth 1b is equal in
length to lateral teeth 1b; ‘The posterior
attachment organ has 62 to 78 radial rows of

hooks having 8 to 11 hocks per row;

The imaginal and pupal histoblasts are well

developed; 33-36 rays in the large cephalic fan;
7 - 9 preapical spines on the mandible (usually 9);

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

" 3 antennal joints in addition to the sensilla;

Joint 2 + joint 1 is approximately 2 x joint 3:
Joint 2 is longer than joint 3;

Lk -« 5 pairs of bristles on the hypostomium;

Width of the hypostomial teeth '.070mm to .O080mm;
The central tooth of the hypostomiuﬁ exceeds the
lateral teeth and central tooth 1lb is greater than
lateral teeth 1b but shorter than lateral teeth 1.
Protuberances la are not present on either the
central tooth or the lateral teeth 1;

The posterior attachment organ has 75—81 radial rows

of hooks having 10 to 13 hooks per row,
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Only two 6th instar larvae were critically examined and

they showed affinities to both the 5th and 7th instar larvae.

Instar 6i The imaginal histoblasts are small but ciearly
visible; |
27=31 rays-in the large cephalic fan;
7 = 9 preapical spines on the mandible;
Length of the mandible :286mm to f288mm;
3 antennal-joints in addition to the'sensilla:
Joint 3 is shorter than joint 2 + joint 1
Joint 2 ; jsint 1l is approximately 2 x joint 3;
Joint 2 is longer than joint'3;
3 to 4 pairs of bristles on the ﬁypostomium;
Width of hypostomial teeth .06lmm to .O062mm;
The céntral tooth of the hypostomium.exceeds
the lateral.teeth and central tooth 1b is longer
than lateral teeth 1b but shorter than lateral
teeth-i; Protruberances la are not present on
either the central tooth or lateral teeta 1;
The posterior attachment organ has 75-=79 radial

rows of hooks having 9 to 12 hooks per row.

Owing to the small number of larvae examined,
the existence of the 6th instar cannot be established with
certainty on the basis of morphological characters; For
the separation of this instar we must rely on the evidence
from the measurements of the head-capsule widths of a large

number of larvae,
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Q# the basis of morphological characters;
seven instars (lst - 5th and 7th - 8th) can be distinguished,
thus confirming the presence of at least seven instars; The
presence of the remaining instar; the 6th instar, is established
mainly on evidence from the polymodal.head-capsule width
distribution of the 1arvae: The mean ﬁead-cébsule width of
the 5th instar corresponds with the peak at 31 divs; in fhe
polymodal distribution and the mean head-capsule width of
the 8th instar is that of the known final instar larva,
namely 62;;wdivs: It seems unlikely that only one instar
should lie between 31 diﬁs: and 62tl divs: since.this
represents a doubling in the width of the head-capsule and
also two peaks, at 41 divs: and 53 divsf; occur in the
polymodal Qistf;bution during this interval: Of these two
peaks, the peak at 41 divs: is the more distinct and therefore
must represent the mean head-capsule width of a 6th instar;

It must be noted that the'larvae_used for the
morphological examination were obtained from two different
localities and developed under very different environmental
conditions: The smaller lar;ae; up to 37 divs: head-capsule
width, were obtained from Swindale Beck during the Winter
(Nov; 23 & Jan: 4) while the larger larvae with head-capsule
widths of 40 divs: and greater were all obtained from the
river Belah in mid-May when many larvae had already pupated:

These large larvae were thus biased towards being the last or
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tail-end of thé larvae reaching full growth in Spring and
tﬁus are like}y to have grown relatively rapidlyt There is
some evidence that the larvae which develop quickly under
conditions of high water temperature fail to achieve head-
capsule widths as 1a;ge as those of the larvae developing
more slowly under conditions of low water temperaturei
The use of larvae developing at such temperature extremes
‘was unfortunate because the point of“overié; was in the
6th instaf; Tﬂe position must be clarified at a later
gate by the use of later instar larvae from Swindale Beck
obtained before pupation commences:

The nature ;f the material used in thg.morphological
study of the instars was therefore likely to show some
telescoping of dimensions of the later instars; and;
allowing for this; the existence of 8 instars; all-told,

seems most likely.

1.E.(iv) Morphology of the first instar larva of

Prosimulium hirtipes Fries.

The opportunity is taken at this point of giving
a brief account of the first instar larva of P:hirti es,
since t@ere are no records of the first instar larva of
this species haying~beéq found previously in the British

Isles. The larvae closely resemble the first instar

larva of a species of Prosimulium: probably.P:fuscum
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Syme & Davies, obtained by Davies (1960) from three
streams to the north of Ottawa; Canada; in October 1958,
and I am indebted to Drl L:vDavies for the identification
of the British specimensl Two first instar larvae were
obtalned from 180m in Swindale Beck on 23 November 1968,

one of which was subsequently lost during mountlng.

Since the only Prosimulium species known to occur in this
'sfream, at this altifude; is P:hirtiges; it can be“assumed
that these firéfliﬁéééf.i;;;;e éfe P:hirtiges larvael

The similarity; both in dimensions and morphology,
to the Canadian larvae is very striking and only minor
differences can be séen: ‘

The general form of the larva resembles that of
the later instars (Fig:9A) and has a length; inclﬁding the
head, of 0.9 to 1.0mm. The width of the head-capsule at
its broadest point near the posterior margin is O}l4mm and
in length it measures 0:18mm: The body pigmentation was
light brown while the head capsu;e was only lightly
sclerotised and was for the most part light yellow in colour:
The posterior occipital regions and the ﬁost-occiput were
darkly pigmented producing a black 'collar' while the oval
region surrounding the egg-bursting‘tooth Qas also darkly
pigmented: The 'T' shaped mandibular phragma produced a
darker area extenéiﬁg to the antennal sockett

Of the less heavily sclerotised parts of the body,

little was discernable without the use of a phase contrast




X 800

\____/

0-05 mm [

Fig. 9. FIRST INSTAR LARVA of Prosimulium hirtipes Fries.

A. Lateral view of Entire larva. B. Ventral and C. Dorsal
views of head-capsule. D. Hypostomium.
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microscope, the anal gills were however simple and th?ee
branched as in the later instars and the posterior
attachment organ had 3 hooks in each radial row but the
number of rows could not be determined:

The most conspicuous feature of the head capsule
was the complete absence of the cephalic fans: The post-
occiput and occipital regions are extended; as in the first
instar larvae of other Simuliidae so that they almost meet
in the midline leaving a narrow occipital cleft from which
the sutures bounding the posterior region of the cephalic
apotome extent anterior-laterally forming a }Y' shape:
Ventrally (Fig.9B) the postgenal cleft is sh;liow and
rectangular as in the later instars and the dark pigmentation
of the collar does not extend onto the postgenal bridgei
The eye spots lie near to the posterior margin of the head
capsule; - The antennae have one joint which is more lightly
sclerotised than in the later instars with a conical sensilla
at the apex; The antennal socket is surrounded by a lightly
sclerotised extension of the mandibular‘phragma a;d it
contains two sensilla 1§ing near-the base of the antenna:

The mandible is darkly sclerotised at the tip .
(Fig.1l0) where a curve series of seven teeth are quite
distinct followed by two or three more slender spinesi
The maxillae were less easily distinguished but their general
shape resembled that in the later instars: The two prominent

spines in the maxillary comb of the later instars were not visible,




FiG. 10. DORSAL VIEW OF THE HEAD - CAPSULE OF THE FIRST INSTAR LARVA

OF Prosimulium hirtipes Fries.

O0:-1mm
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The labrum was well developed (FiQ:lO) as noted.
by Davies (1960) although in the specimen it appeared to
be slightly retracted near the apex: On this section of
the labrum Davies noted three pairs of bristles; the hindmost
of which had conspicuous socketsf In the first instar larva
of Plhirtipes only the hindmost of these three pairs of
‘bristles is present: The ﬁppermost two-branched median
plate at the extreme front end of the l;abrum; described by
Davies, is also clearly visible (figtlo): with a diat&m
attached: The remaining details of the labrum and hypo-
pharynx were not sufficiently clear to allow accurate
description:

The hypostomium has seven principal teeth as in
the later instérs, one central and three lateral pairét
The central tooth however exceeds the lateral teeth "1",
thus differing from the arrangement of the teeth in the
second instar larva where the central tooth is equal to
or less than lateral teeth "10": The general shape of
the hypostomium appears to be more rectangular than in the
later instars and like the sécond instar it carries a single
pair of bfistles: |

The larger number of instars-in the development of
P;hirtiEES'larvae kthan is usually found during the‘
developmént of the larvae of other genera) may be associated
with the more primitive position of this genus (Davies, 1960)

as exemplified by the strﬁcture of the first instar larvé;
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1.E.(v) Establishment of the instar head-capsule
width ranges for the separation of the data

into instars

Having established the presence of eight instars
it is now possible to effect the separation of the instars
on the basis of their head-capsule widthﬁ The mean head-~
capsule widths of each instar distribution can be obtained
from the polymodal distribution? then knowing the maximum
number of larvae with the mean head-capsule width and
assuming a deviation from the mean: equal to the number of
divisions between the mean head-capsule width of the instar
and the mean head-capsule width of the instar above, normal
distribution curves for the larval head-capsule widths of
each instar . can be conétrﬁcted (FigiE)i The points at
which these distribution curves overlap provide the liﬁits
of the head-capsule width range for each larval.instapi
It is recognised that a small prop;rtion of the larvae will
be attributed to the wrong instar: however; when several
instars are present these errors will be self-compensating
(iCéc just as many larvae from the lower in;tar will be
wrongly attributed to the instar above;-as larvae from the
higher instar Qill be wrongly attributed to the instar

below)f
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The 1arval instars of P hlrtlges were thus
separated as shown in Table ll

The calculation of the Growth Index (Table 12) between
the different instars reveals that there is no constant relation-
ship between the different instars: This might be expected as
these larvae did not develop under controlled experimental
conditions, the environmental conditions experienced by the early
instar larvae which mostly develop during the colder months being
very different from the warm environmental conditions experienced
by the later instar larvae during their development in the Spring;
In calculation of the Growth Index; the Growth Indices between the
earlier ;ns£ar larvae will be subject to a high§r degree of error
since the unit for measuring the head-capsule width (1 division =
1/19mm) is equal t; 1/3rd of the difference between the mean head-
capsule widths of the 1lst and 2nd instar larvae; while it is equal
to only 1/12th of the difference between the mean head-capsule
widths of the 6th and 7th instar larvae:

It can however be seen that the growth éccurring
between the earlier instars (1lst to 5th) is on average greater
than that occurring between the later instars (5th to 8th) and
that the smallest growth index was obtained for growth between
the penultimate and final instar larvae: Similar

patterns of development are shown in the data of both

Terterjan (1957) and Grenier (1960) for which the




TABLE 11, The larval head-capsule width ranges (divisions)

for the separation of the data into instars

Maximum Minimum
Mean Head-capsule Head-capsule Head-capsule
Instar 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)

Earaeguina, Simulium damnosum and Prosimulium

- hirtipes

S, (Wilhelmia) Earaégﬁina Puri S,damnosum Theo, P;ﬂiééiﬁéé Fries.
(after Terterjan, A.E, 1957) (after Grenier P, |
' ' & Feraud, 1960)

Instar Head width Head width Mandible length Head-capsule
immediately width
after -
moulting
1 to 2 1.76 - 1,56 1,20
2 to 3 1,47 1,60 1,37 . 1.29
3 to 4 1.50 1,78 - 1,40 1.48
4 to 5 1.30 1.28 1,33 1.39
5 to 6 1,32 1.19 1.38 1,28
6 to 7 1,23 1,29
7 to8 ' 1.17

(6 instars) (6 instars) (7 instars) (8 instars)
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Growth indices have been calculated (Table 12). The
increase in the length of the mandible of S.dammosum

shows a very similar pattern of growth; while that of the

increase in the head-capsule width of ST(WTlparaeguina is
also simi;ar to the growth of P:hirtipes larvae, except

that the proportionate graﬁfh between the penultimate and
final instars is slightly greater than between the_#th and
penultinate instar which is not %o be fxpected; The Growth

Indices calculated from measurements of the head-capsule

widths of'Sﬁ(W;)paraeguina immediately. after moulting however
show a decrease in the proportionate growth between the

penultimate and final instars.

1.E;(vi) Measurement of larval development using the

Percentage Change Index

Using the previously determined head-capsule width
ranges fo; the differen£ instars of P:h;rtiggs larvae, the
numbers of each instar larvae in the samples obtained from
Swindale Beck, 1956-57; were determined: They were then
expressed as a percentage of the total larvae in each sample
to enable the comparison of the instar composit;op of the
samples obtained on different détes and at different
altitudes during the seaéon: The instar composition of
all the samples o£f;ined throughout the season; 1956-57;

at three altitudes=(180m; 300m and 430m) in Swindale Beck
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is shown in Fig;ll: The samples usualiy contained
larvae of several different instars; 70% of the samples
having 4 or more instars: These histegrams show clearly
the instar composition 6f each sample and how tﬁis changes
as the season prbgresses;_the smaller instar larvae being
more numerous at the beginning of the season and only the
larger instar larvae being present at the end of the season:
At 300m, where the hatching was more uniform; the changes
from the smaller to the larger instar larvae are most regular;
The changes at 1804 follow a less regular pattern almost
forming two separate groups of instars; the parallel
development of which can be followed throughout the season;
This was due, as h;; been previously mentioned; to the
occurrence of distinct early and late periods of hatching;
The samples from 430m show still less regular changes in
their instar.homposition due mainly to errors ;rising from
the small sizes of the samples ;arly in themgeasén: &he
pattern of.later development at this altitude is similar
to that occurring at 180m and 300m:

' Knoﬁing the.insfar coméosition-of each sample
it is now possible to qbtain a measure of the development
between the successi;e-Sampling dates by calc;iating the
Percentage Change Index%: .This is done by first expressing
the number of larvae in éach instar of a sample as a per-
cehtage of the whole-sample and then taking two successive

samples and.determining the percentage of the larvae which
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have apparently moved from lower to higher instars. If all

the larvae move to the next instar above then 100% change has

occurred and since there are seven moults (eight instars) the

maximum change which could occur during the season would be

700%.

\

first instar larvae were obtained in the 1956-57 samples;

An example of the calculation is given below:

In-
star

|

Oy 3 ©o

i

N W &

. The total % change

Percentage of sample
in each instar

Sample Sample (taken 1 week later)

A

10
10

20

30
20
10

« The Daily % change

B

0
10
10
20
30
20
10

0

.F_

It

0

10
10 5.

10 “?

10

10+10+10-10-10~0-10 larvae moved up

, 10410+10~10-10=0 larvae moved up

10+10+10-10-10 larvae moved up
.10;10+10-10 larvae moved up
.10#10+10 larvae moved up

10+10 larvae moved up

10 larvae moved up

In this study the maximum change will be 600% as no

0%.
10%
10%.
20%.
30%.
= 20%.
= 10%.

100%

= 100% in 7 days (i.e. all larvae have moved

up 1 instar)

lhl}%fper day

The Daily % change and the Cumulative % change

between the successive samples from the three altitudes

(180m, 300m and 430m) in Swindale Beck were calculated and

are given in Table 13,

A1l the calculations did not follow
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the above pattern but, due to errors arising from the
addition to the sample of newly hatched larvae or the removal
of larvae from the sample due to pupation; a certain-percentage
change could not be accounted for oﬁ the basis ﬁf the growth of
larvae to the instar above: -The total percentage change which
cannot be accounted for in each c;i;ulation are given in
Tables 13(a) and (b): These inaccuracies occurred principally
in the calculations for the 180m samples during the later period
of hatching and for the samples at 430m where only small samples
were available: | —

.The daily percentaée chénée shSws large fluctuations
throughout the sampling period varying from a minimum of 0,6%
per day to a maximum of 7:1% per Qay: It appears then that‘
at no time during the sampling period were the environmental
conditions preventing development of the laryae; but they
caused great variations in the extent of the development;
Exgmination of the histograms of the daily percentage change
(Fig;lz) sho&s that the pattern of development at the different
altitudes is similar in many respectst This suggests that the
fluctuations in the daily percentage changé are not random
fluctuations but are tﬁe result of one or more environmental
factors which have similar effects at all three altitudes;

The greatesf éimilarityléccurs between the first five samples
at 180m and 300m: The similarities between the d;ily

percentage change after 30 January 1957 at these altitudes is
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less marked and coincides with the occurrence of a large
number of smaller larvae in the 19 February 1957 sample at
180m resulting from the large late hatch at this altitude;
This also accounts for the large percentage change which
cannot be accounted for in the calculation of the daily
percentage change between the 30 January 1957 and 1§ February
1957 samples at £80ﬁ: At 300m where the hatching occurred
more evenly, the efféct on the daily percentage change was
less marked; -

"In order to obtain a truer fictﬁre of the daily
percentaée change at i80m; it is necessary to apply a
correction which will reduce the inaccuracies resulting from
the late hatch: Examination of the head—capsuie width
distributions of the individual samples at 180m (Fig.l)
shows that two almost separate distributions are present,
one derived from the early hatch and the second derived from
the late hatch: The two distributions were separated as
accurately as possible and for clarity the second distribution
has ?een shaded: The larvae derived from the second hatch
appear as second and third instars in the 15 January 1957
sample. The larvae derived from the first Autumn hatch
reach the last instar by 8 March 1957: The proportion of
last ins%ar larv;e falls in the 15 April 1957 sample, rising
again in the sample taken on 25 Ap}il 1957 with the appearance
in the last instar of larvae derived from the.secoﬁd hatchi

This separation in the numbers of last instar larvae provides
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additional evidence that the two hatches remain reasonably
separate throughout their developmenf: . Corrections were
made to all daily percentage changes between the samples at
180m which contained larvae from both hatches (15 January 1957
to 5 Apri; 1957 samples): The corrections to the daily
percentage changes between these samples were made in the

following way :-

EARLY 'HATCH LATE HATCH

Number of Daily %. Number of Daily %
larvae .Change - larvae Change
30 Jan. 57 172 50 '
, 3.5 3.1
19 Feb. 57 - 93 331
265 ' 381

Difference between the Daily percentage changes = 0.4%
.°. Average of Daily percentage changes = 3.5 = (0.4 x %) %.
3i3%.

It is basically the average of the daily percentage changes
for the early and late hatches which is adjusted in proportion
to the numbers of larv;e present in these hatchesi The daily
percentage changes for the separate-hatches and the corrected
daily percentage change at 180m are also given in Table 13(a)

and are shown as histograms in 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 this altitude (Figt#) show no separation into two hatches
and therefore a similar correction is unnecessary: The
effect of the hatching will therefore slightly reduce the
values for the daily percentage change: The corrected
values for the daily percentage change at 180m show a much
improved correlation with the values obtained for 300ml

1.F. Measurement of Stream'Temperatureé

The water temperature was the oﬁly environmental
factor studied: .During the period of study the water
temperature was recorded when each sample was obtained,
using a wmercury in glass thermometer graduated to oL1°c;

At the time of each reading the thermometer bulb was held

in the rapid water and shéded from the sun: .The readings

for Swindale Beck, 1956-57; are given in Table 14: All the
.readings were made between ll:OO - l5:00hrs in the same
sequence, the higher altitude t;mperatures being taken first:
A temperaturé gradient which decreases with increasing,éltitude
was evident for most of the sampling period except in the early
Spring when the temperature at 300m sometimes exceeded that at
180m; |

In order to.obtain more detailed and reliable stream

water temperature data, two Cambridge mercury-in—steel




TABLE 14 Stream temperatures (°c) in Swindale Beck, 1956-57

180m 300m 430m
22 Nov. 56 2,5 2.0 0.9
19 Dec, 56 ' 5.2 - 4,7 4,2
8 Jan. 57 7.8 7,2 6.9
15 Jan, 57 lv 1.6 0.4 0.1
30 Jan. 57 i 4.8 4.1 3.4
19 Feb, 57 C2,1 ' 0.6 0.2
8 Mar, 57 ? 7.0 6.5 5,5
23 Mar, 57 8.2 8.7 6.5
5 Apr. 57 | 11,8 - 8.5
15 Apr. 57 8.3 7.4 5.8
25 Apr, 57 9.2 11,5 7.4
4 May 57 11.4 13,2 11.0

15 May 57 9.7 g 9,1



60
thermographs were set up on 8 Januéry 1957 at two stations on
Swindale Beck; One was situated at 150m while the other was
adjacent to the stream at 400m: . The 6 inch thermograph bulbs
were placed in the shade in rapid deep'water and they wer; never
exposed to the air during their period qf qperatiop: The thermographs
were checked at 1 to 2 Week-interva;s against a mercury thgrmometer
and gave consistent readings differing-from the thermometer by iOLBOCJ
The hourly thermoegraph readings were corrected to correspond with ;he
single thermometer used>for checking both instruments: Due to a
mechanical defect the cloék of the t?ermograph at 4OOm occasionally
stopped before the chart was due to be changed and; in all, it was
out of operation for 18% of the time (23 days out of 127 days).

The thermograph at 150m fﬁnctioned continuously throughout the
period;

The thermal sum above OOC was obtained from the
thermograph reaq}ngs-and the thermal sym for the short periods
when the 400m thermograph was out of operation was estimated
on the assumption that tﬁe.hourly water témperatures at 400m
bore the same relationship to those at 150m as during the
previous seven teo twelve days when both instruments were
working; There is no reason to believe that the estimation
of these thermal sums at 400m introduced sufficient error to
invalidate the conclusions drawn from the results: The
thermal. sums for the periods between samples and the cumulative
thermal sums are given in Table 15: -The temperature data

obtained from the thermographs at 150m and 400m will 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
Therm, Sum Cumulative Therm, Sum Cumulative
between Therm, between Therm,

1957 Samples Sum Samples Sum
8-15 Jan 529 529 412 412
15-30 Jan 1388 1918 850 1262
30Jan-19Feb 1965 3883 1515 2777
19Feb- 8Mar 1526 5408 860 3637
8-23 Mar 2875 8286 2279 5915
23Mar-5Apr 2225 10511 1804 7719
5-15 Apr 1395 11906 1044 8763
15-25Apr 1780 13686 1472 10236
25Apr~-4May 1896 15582 1662 11898

4May-15May 2112 18525 1696 13594
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very closely to the water température regimes ét the 180m
and 430m sampling sites respectivelyl; The water temperature
regime at 300m is.taken as being halfway between that at 150m
and 400m, an assumption which is approximately true in-view
of the temperature readings given in Table 14:

The thermograph water temperature readings at 400m
were usually 0;2 - l;OOGTlower than at ;EOm; only on four
occasions, in Spring; were the daily maximum temperatures
higher.at LOOm than at 150m: The daily thermal sum was
however always greater at lEOmj the cumulative thermal sum
for the period from 8 January 1957 to 15 May 1957 being
17,693.4%H above 0°C, while at 400m for the same period
it was only 13,593.6%H above 0°C. .An estimate of the -
cumulative thermal sum at 300m will therefoze be 15,643°E
abovemooé;; iﬁei -

- : 0 o N
13,593 + 176934 = 13593.6 °H above 0°C.

The general pattern of stream.tempgratures
correspondé Qéii'wi££ égaf described by Macan (1958):
The 'winter'beriod' during January and February was a time
&hen-the water teméeratures were at their lowest with little
general tendency to rise (Fig:lh) while the 'second-period'
which Macan delimits as from just before the-Equinox (Mar;éo)
to just after the Solstice (June 21) is a period of increasing

temperatures, the fine weather producing large temperature

fluctuations; The winter of 1956-57 was the mildest of the



Fig. 14. Histogram showing the Daily 7 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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years 1954-57 (Macan) and the water temperatures sﬂowed
an earlier rise at the epd of February: . The water
temperature first reached 10°C at 150m and 400m‘in
Swindale Beck on 11 March 1957 which was one day earlier
than noted by Macan during the same year for Outgate Beck,
a small stony stream near Ambleside; Weétmorland: Two periods
of particg;arly iow wéter temperatures bccurred during the
'winter-period! on'l4 and 15 January 1957 and from 18 to
é} February 1957: During the latter period the minimum
temperature reached OOC on two successive days at lSOm:
The water temperatures rose sfeadily from 24 February 1957
at 180m, reaching maximum temperatures of 121100; 13;100
and 11.5°C on the 11, 12 and 13 March 1957 respectively.
For the remainder of the period the temperatures remained
ﬁigh, the maximum water-temperature exceeding 8:O°C.on 52
of the 62 days: The stream water temperatures at 400m
followed a simii;;ﬂ;attern of fluctuation but were relatively

coldef;‘

1.G. Discussion of the relationship between development
(as measured by the percentage change) of the larvae

and the water temperature

A comparison of the development of the larvae,
as represented by the Cumulative Percentage Change, and
thée overall water temperature, as represented by the

Cumulative Thermal Sum (degree hours above OOC), can be seen
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in Fig.l5 for both 180m and BOdm in Swindale Beck, 1956-57;
The Cumulative Percentage Change betwegn the samples at 180m
has been corrected to compeEsate for the two hatches and the
curve produced shows a quite remarkable fit to the curve for
the Cumulati;e Thermal Sum:at this altituder This shows that
the development of thé larvae; as measured by the changes
between the instars, is very closely associated with the
overall environmental température: The curve obtained for
the Cumulative Percentage Change at 300m does not show such
a good fit but this might be expected since this curve could
not be corrected to compensate for the continued hatchihél
These errors are-therefore particularly associated with the
early part of the cufve: Jn the latter part of the curves
the larvae developing in the higher water temperatures at
180m show a greater percentage change than fhose developing
in the lower water temperatureslat 300m and achieve their
maximum develepment at an earlier date:

The use of cumulati&e curves: although p;oviding
a means of comparing the overall development of the larvae
with the overall water temperatures experienced by the larvae
at the different altifudes; does not allow any precise
comparisons to be made: K more precise comparison can be
made if the daily percentage change between the sampling
dates is compared @irectly-with the thermal sum above 0°c
for the same period (Figs: 12 & 13): When examined in this

way it cén be seen that in general, during periods of low
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water temperatures, less development eccurs, while in
periods of high water temperatures the development is
accelerated; | This is particularly well demonstrated in
the period between 8 January 1957 - 15 January 1957 when
the lowest average daily thermal sum: for the period when
thermograph temperatures were taken; was recorded at l50m;
This corresponded with the lowest daily percentage change
for the largae at both 180m and BOOm: .A comparison with '
the same period af 430m is not possible since the larval
sgmples were too small until 15 January 1957 at this altitudei
Although the periods with higher average daily thermal sums
in general corresponded with those with high daily percentage
changes, the amoun£ by which the daily percentage change
increased was not always proportionately relatéd to thg
amount by which the average daily thermal sum increased
and in some instances the average daily percentage change
declined while the aQerage éaily thermal sum increased:
The relationship was however tested for the periods when
temperature data was available by calculafing the Correlation
Coefficients between the total percentage change for each
period between sampling and the thermal sum for the same
periods, at three altitudes (180m, 300m and 430m). At
180m the Correlation Coefficient ;'0:?55; which with 7 degrees
of freedom is ;ignificant at the 102 level of sigﬁificance:
At 300m the Correlation Coefficient = 0:532: which with

8 degrees of freedom is not significant at the .10, level
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of significance; (The :lO level of significance for
8 degrees of freedom = .549.) At 430m the Correlation
Coefficient = O:}??lwhich with 6 degrees of freedom is
not significanf at the ;lO level of significance: .(The
;10 level of significance for 6 degfees of freedom = :622i5
A significant correlation therefore exists between the
development of'P;hirtiEes larvae,ana the overall water
temperature to which the larvae are exposed for the greater
part of their development period at 180m in Swindale Beck;
At the higher altitudes (300m and 430m) the correlation is
not significant which will be dug in part to the uncorrected
errors due to hatching at 300m and the smaller numbers of
larvae in the samples at 400m: However; the absence of a
precise correlation; especially at the higher altitudes, is
not unexpected since the development of the larv;e is not
uniform but occurs in seven stéps or moults: Let us assume
that a certain thermal sum; x degree hours; is required for
a larva to complepe its development during an instar: _ff
the larva receives a thermal sum of x degree hours or x + 1
degree hours before the next sampling period; it will have
moulted during the sampling period and wili be recorded in
the percentage change of the sample: -If; however; it only
receiyes x - 1 degree hours it will not moult until the
following or a later sampling period and therefore will not
be included in the percentage change of the s;ﬁple: Therefore

‘when dealing with the development of insect larvae in a
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population the amount of development they show is not
only dependent on the environmental conditions between the
sampling dates but also in part on the previous environmental
conditions, which do not become effective until the next
sampling period% Thus ﬁhe fact that the percentage change
may be lower while the thermal sum hag increased; or vice-
versa, does not necessarily invalidate a relationship between
the two factors for that period: If the corrected histogram
for the aaily percentage.change at 180m (Fig:l3) is compared
with those for 300m and 430m (Fig:la) for the period between
15 January 195% and 23 March 57 when the water temperatures
declined to low values iﬁ mid-February and rose steadily to
guite high values in early March (Fig:14); the development
of the iaffae; aé indicated by the daily percentage change,
appears to be progressively displaced to the right with
incréasing altitude: This indicates that development which
occurred during one sampling period at the lower altitud;
could not be completed during the same period ét the-higher
altitudes because of the lower overall temperatures, and was
delayed until the following sampling periodf Thus at 430m
from 19 February - 8 March 1957 the daily percentage change
was relatively_higﬂ despite the lower temperatures, but in
the following period, 8 March - 23 March 1957; when the
water temperaturés rose; many of the larvae which had Just
completed a moult in the previous sampling period were

unable to make sufficient growth to moult during this period
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and had to wait until the following period to complete
their next moult: This type of development; especially
where water temperatures are low;.will tend to mask a close
correlation which does exist; as is shown by the larvae
vdeveloping at 180m; between the overall temperature and
the development of the larvae:

The relationship between the water temperature
and the development of the larvae at 180m in Swindale Beck,
1957, is perhaps best illluetrated in Fig.14, At the
beginning of the period (8 = 15 January 1957) growth is
checked by the generally low temperatures ana very few
larvae moult while the relatively warmer temperatures of
the following period (15 - 30 January 1957) produce a marked
rise in the percentage change. The period from 30 January -
19 Febrnary 1957 is slightly warmer; having an average daily
thermal sum of 98t3°hrs as compared with 92:5° Hours, but
the percentage change falls sharply showing that many of
the larvae have not made sufficient growth from the moult
during the previous.pericd in order tc moult during this
period: During the following_period: when the average
daily thermal sum is slightly less (89:8°Hours) and includes
a particularly cold periodi the percentage change rises due
at least in part to the growth made during the previous
perlod4 -The follow1ng two perlods, 8 March - 23 March 1957
and 23 March - 5 April 1957: show percentage changes which

correspond with the temperature regimes experienced by the
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larvae, however a fali in temperature during the period
from 5 April = 15 April 1957 causes a marked fall in the
percentage change: .The subseqﬁent rise in water temperatures
from 15 April - 25 April 1957 caused a marked rise in the
percentage change which declined sliéhtly from 25 April -
Lk May 1957 despite the higher temperatures, due partly to
the loss of the larger larvae which were pupatlng.

Another factor which must be borne in mind, but
is difficult to make allowance fbr: is the different amounts
of growth which the different instars undergoi If a given
thermal sum produces a given amount of ierva1 growth, the
same thermal sum may not cause the moulting of the penultimate
instar larva into .the final instar larva; while it might enable
the moulting of the first instar larva into the second instar
larva: |

The relationship between the overall temperature
and the development of the larvae was also examined by
calculating the percentage transfer of larvae which occurred
between pairs of instars at different times and altitudes
throughout the sampling period (Figs. 16, 17, 18 & 19).
Where the hatching of the larvae is prbionged and uneven,
errors, eimilar to thosSe encounted in the calculation of
the percentage change between whole samples; occuri This
is parricularly evi&ent in the uncorrected percentage transfer
of larvae between the pairs of instars for 180m in Swindale .

Beck, 1957; where the moultsassociated with the main larval
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hatches appear to be completely sepafated; However
when the larvae of the two hatéhes at this altitude are
considered separately (Figll?) this se?aration is less
distinct and a more correct picture of the actual events
can be seen:

At 180m 86% of the first hatch larvae moulted
into the fifth instar between 22 November 1956 - 19 December
1956 in which stage the majority of them remained until
15 January 1957 = 30 January 1957 when 65% moulted into
the siﬁth instar: This delay coincided with a period of
colder water temperaturesl The majority of these sixth
instar larvae (64%) moulted into the seventh instar during
the following period of higher water temperatures but the.
moulting of the seventh instar larvae into the last instar
were again delayed, 48% of the first hatch larvae not
moulting into the‘iast instar until 23 March —'5 April 1957.
This dglay in moulting again coincided with a period of
lower water temperatures from 19 February - 18 March 1957.
The larvae of the éecond hatch at thié altitude appeared as -:.%
second and third instar larvae in the sample taken on
8 January 1957; These larvae showed a high deg?ee of
moulting during the cold period from 8 January - 15 January
1957, 83% moulting from the second to third instars and
29% of the third instars moultingjinto fourth instars;
thus although tﬁe lowef water temperatures produce lower

percentage changes between the whole samples, the transfer



of larvae between different pairs of instars is dependent
more on the stage of development reached by these larvae;

Of the 80% second instar larvae which became third
instars by the 15 January 1957; 56% had ¥eached the fifth instar
by.l9 February 1957 which is approximately 25 days to cémplete
two moults; Of the 83% fourth instar larvae which became fifth
instars by 19 December 1956; 64% had reached the seventh instar
by 19 February 1957, approximately 62 days to complete two
moults, The temperatures during these periods are roughly
comparable so it would appear that the overall temperature
required to produce a given number of moults between the early
instars is less than that required to produce the same number
of moults between the later instars: If this is true, then
under constant temperature conditions the time between moults
would gradually increase with the later instars: Examination
of the histograms in Fig:l7 however shows a general convergence
of the time interval during which the moults between pafticular
pairs of instars take place: The larvae developing later in
the season, when the watef temperatures are generally higher,
pass through their moults more quickly than those developing
early in the season: The effect of the rising water
temperatures during the Spring is thus to compress the long
period during which small larvae fesulting from an extended
period of h#féhiﬁg occurred in the stream into a relatively
shorter period when mature larvae are present: This may be

further shortened by similar temperature effects on the
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development of the pupae so that emergence will occur over
a shorter period than hatchingi 'It is probably a similar
effect to this which re-establishes the defipite Spring
generation of the bivoltine and trivoltine species; the
generations of which show an increasing spread as the. Summer
progfésses; |
- It is possible; from the data relating to the transfer
of larvae between the pairs of instars: £o determine the average
thermal sum experienced by the larvae between each moult and
thus obtain an estimate of the thermal sum-required by the
larvae to complete their developmenft Such data might prove
useful in the control of black-fliesr

There is some evidence that associated with the
quicker development of P;hirtigei larvae during the periods
of higher water temperatures there is a reduction in the size
attained by the larvae, as indicated by a reducﬁion in their
head-capsule'widths:~- This is most evideﬁt when the mean head-
capsule widths of the known last instar larvae (those with black
pupal respiratory filaments) are examined (Table 16);' There is
a decrease in the mean head—capsﬁle width éf these iarvae from
5 April 1957 to 4 May 1957 at 180m in Swindale Beckl The last
instar larvae on'5 April 1957 are derived from the early larval
hatch which have developed over a long period of geherally low
water temperétures; while the last instar larvae present from
25 April 1957 to 4 May 1957 are derived from larv§e of the late'

hatch and have therefore developed. over a shorter period of



TABLE 16

© 180m

300m

430m

The mean head-capsule widths of the known last

instar larvae of P,Hirtipes in Swindale Beck, 1957,

5 Apr

'66.5 (10)

- (0)
- (0)

at 180m, 300m & 430m

15 Apr 25 Apr

65.0 (1) 63,7 (15)

- (0) - (0)

- () 69.0 (1)

4 May

59.2 (33)
64.5 (4)

no sample

Number of known last instar larvae

15 May

no larvae

62,5 (13)

no sample
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generally higher water temperatures; A similar trend is
also evident between 4 May 1957 and 15 May 1957 at 300m in
Swindale Beck; Since the thermal sums also decrease with
increased altitude it might be expected that the mean head-
capsule widths of the last instar larvae will increase with
increase in the alfitude at which the larvae develop: Only
two comparable sets of data are available to shoew this, on
25 April 1957 at 180m and 430m; and on 4 May 1957 at 180m
_and 300m; However in both cases the number of larvae are
too small to be reliable; but in both cases the larvae at the
higher altitudes have the greater mean head—capsuie widths;
The comparison of the mean head-capsule widths of all the
last instar larvae; that is those with a head-capsule width
of 58 divisions or-greater; is less reliable since it will
include a number of seventh instar larvae due to the overlapping
of the head-capsule Qidth distributions which is especialiy |
marked at times just prior to thé main final moulting period;
At this time there is an overlap of tﬁe.seventh instar
distribution into the eighthinstar range but no compensating
overlap of the eighth instar distribution into the seventh
instar rénge; .It would be expected therefore that when the
mean head-capsule widths of all last instar larvae are examined,
the mean heaa-capsule width would increase up to the time of the
main final moult and thereafter follow the pattern described for
the known lgst insta? 1arvae€ The mean head-capsule widths of

the last instar larvae at three altitudes in Swindale Beck, 1957,
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and at two altitudes in both Crowdundle and Swindale. Beck
during the years'1954_-_56, are given in Table 17, The head-
capéule width of the last instar larvae-again show a tendency
to decrease after the main period of moulting into the final
instar and to increase with increase in altitude: These
differences in.the A;an head-capsule widths of the larvae
developing under;different conditions of water temperature
correspond with the observations of Smart: 1934; Edwards

et al, 1939; Zahar, 1951; and Davies 1957; on the different
sizes of the Spring_and Summer generation pupae and imagines
which were perhaps more marked due to the larger water
temperature differencgs at these times of the yea;; The
variation in the maximuﬁ head-capsgle widths achieved by the
larvae developing under different water temperature regimes
does howéver show an additional source of error when attempting
the separation of the larval instars on the basis of the mean

head-capsule width.

1.H, Effects of temperature on the Mortality of P.hirtipes
larvae and the larvae of two associated Black—fly speciles

in laboratory experiments

The restriction of P;infyatgg larvae to the head
waters of the streams where the water temperatures are
permanently cold, and the occurrence of P;hirtiges larvae at

lower altitudes only during the Winter and early Spring when
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the water temperafures are again cold; suggests tﬁat perhaps
the higher water temperatures which occur during the Summer
months (Macan, 1958) at the lower altitudes may in some way

be detrimental to the development of; or even lethal to;

the larvae of both Prosimulium species present in the stream.

The larvae of both S;mgnticola and S;varieggtum also form part

of the black-fly larval population at the lower altitudes in
these streams during the Winter and Spring when they develop
at approximately the same rate as the P;hirtiggi larvae.

Both S.monticola and S.variegatum are however bivoltine,

producing Summer generations of larvae which can thrive in

these streams during the period of high Summer water temperatures:
It was decided therefore to examine the water teﬁperature
conditions which normally prevail at the lower altitudes in

these streams during the Summer months and to perform
Temperature’- Mortality experiments on larvae of the black-fly

population a?;thesé'altitudes to try to account for the absence

of P.hirtipes larvae from the streams during the Summer months,

l.Hﬁ(i) Temperature - Mortality experiments

1.8.(i)(a) Apparatus and experimental procedure

K11 larvae used in the experiments were obtained
from Swindale Beck at 300m where large numbers of larvae
were readily available and therefore the time taken to collect

the large number of larvae required for the experiments was
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minimal. The larvae, after collection,‘were transported
in large thermes jars to prevent any excessive rise in
temperature during their transfer to the laboratory: In the
laboratory the larvae were transferred to large ‘glass Jars of
approximately 3 litres capacity which contained aerated pond
water; The apparatus was essentially the same as that described
by Smart (1934), the good aeration and rapid water current,
siﬁﬁlating the natural environmental conéitions of the larvae,
being provided by a continuous stréémmgf.air bubbles travelling
up a glass tube (2cms diameter) completely iﬁmersed in the water:
The jars, after settlng up, were left in a ronstant temperature
cold room overnight which malntanned a water temperature of
b - 5°C; The larvae were found to re-attach themselves inside
the glass tube and at points near the entrances to the tube
where the water current was most rapid:. The following morning
all dead larvae, which had died as the result of collection or
their transport to the laboratory; were rémoved with a pipette
and discardea as transport mortalitya The variation of the
water temperature in the experimental jars réquired the removal
qf some of tﬁe jars from the C:T: éoldroom to other situations
with the consegquent ihterruﬁtion,of the compressed air éuppiy:
Such transfers Qere completed quickiy,(lo to 15 seconds): to
prevént the detachment of the larvae and éach time spéh a
tfansfer.was made thé compressed air supply to the appropriate

control- jar was interrupted for a similar.pg;iod:
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The larvae survived well under the experimental
conditions; The larvae in the control jars at 4 - 5°¢
showed cumulative mortalities of,£3:4%fand 14:0% after nine
days in Experiment 1, and 4 1% and 11 9% after seven days in
Experiment 2. _ The greater part of thls mortallty however
occurred in the first two or three days, probably therefore
being a delayed transport mortallty, and fell to O% to 2% per
day for most of the perlod. To test whether the hlgh mortallty,
which occﬁrrea in some experimental jars, was caused by poisoning
due to the accumulation of the larval.exeretor& material, the
water in Jar 2 (Experiment 2)-was replaced after 1% days by
slowly running in 5-=jar volumes (15 litres) of cleaﬁ aerated
pond water,at the correct tempereturet The excess water was
syphoned off at the same rate from the bottom of the jar where
the faecal material had'accumulated: It can be seeﬁ from
Table 19 that the mertality in Jar 2 was comparable with that
in Jar 1 where the water Qas.ngt_dhanged: It was concluded
therefore that the poisoniné of the water by faecal meterial
was of minor importaﬁce as a -mortality factor during-the
course of these experimentsf

The lighting conditions were controlled to simulate
as nearly as possiele the natural diurnal 1ight cycleﬁ Jars 1
and 2 (Experiment 1), Jars 3 and 4 (Experiment 1) and Jars 1
and 2 (Experiment 2) which were in artificial lighting conditions

- \ i .
only received light during the day, while-the other jars received
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a natural diurnalllight cycle: Since -the control larvae
received only artifici;l-lighting and suffered only a low
mortality, the lighting conditions cannot be consideredi to
be of great importance as a mortality factor in these expeyiments.

Temperature readings were taken in all jars at hourly
intervals throughout the day using a mercury thermometer; The
dead larvae were removed with élpipétte each mor?ing; sorted
and éounted:

Two experiments were perfprmed: each using 3 pairs
of jars, oné pair bginé maintained at 4 - 5°C &as a contfol in
each experiment; The remaining 2'éairs of jars in each
experiment were subjected to different temperature conditions
as indicated in Table 183

. The larvae used in E#periment 1 were obtained on
8 March lé57'and contained fourth to seventh instar larvae of
Péhiftiges of which 53% were fifthiinstar larvae; while the
larvae used in Experimént'Z were obtained on 23 March 1957
and contéined,fourth to final instar larvae of P;hirtiges
of which 51% were sixth iﬁstar iérva;: No-data concerning

the instar composition of the S.monticola and S;variegatum

larvae is available, but it can be assumed that' the difference

between the gevelopment of the larvae on the two dates!is
apprbximateiy the same as that for the_P:hirtiQes larvae:
Each jar contained between 1833 and 2331 1arvae; of which
4.8 - 11;9%7in Experiment 1 and 9:3 to ll:B%Tin Experiment 2,

were P.hirtipes larvae; all the remaining larvae being either



TABLE 18 The water temperatures of the experimental jars

in Experiments 1 and 2

Experiment 1 JAR 1 o Experiment 2 JAR 1 o
4 = 5°C Control 4 - 5°C Control
JAR 2 JAR 2
JAR 3 o JAR 3 4 -19%
21-22,5°C in C,T,room . Fluctuating
JAR 4 JAR 4 temperature
JAR 5 o , JAR 5
16-18"C in Laboratory 16-18°¢

JAR 6 JAR 6



S:monticola or Slyarigggtum larvae: The dead larvae on

removal from the Jjars were separated into P:hirtipes larvae

and Non~hirtipes larvae for fecbrding:‘" Since na distinction
was made between the two Simulium species present; for ease of
description they will be referred to as the Non-hirtipes laryge
during the remainde{ of this account: When the experiments
were terminated all the larvae were removed; and in- this case

the living larvae were a}so separated and their numbers recorded.
A1l the dafé.relating to the mortality in both experiments is:

shown in Tables 19(a) and (b) and Tables (a) and (b) of Appendix 1.

1-.H‘.(i)(b) Results

If the daily percentage mortality of P;hirtiges
larvae for each member of a pair of jars kept under identical
temperature conditions is compared; they are found to be very
similar, and the same was true for the mortality of the Non-
hirtipes 1arvaet The larger variations which did occur. were
at the beginning of the experiments and were also séen in the
control jars where they extended over the first three days:
They were probably again due to the residual effects of
transferring the larvae to the laboratppy; This is to some
extent confirmed as these differences ﬁere ;esé;mapked iﬂ
Exﬁeriment 2; when the larval experimé;tgnwere bﬁgun 42 pours
after-the collection of the larvae: while in Experiment 1,
which commenced only 18 hours after the collection of the

larvae, a smaller proportion of the larvaé Suffering transport
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mortality will have been removed: The differences in the
percentage mortalities of the larvae in the pai#s of jars
also tended to be higher in those jars where high mortality
rates occurréa: Since the differences in the mqr?alities
of the larvae in each membe{ of a pair"of Jjars is ;flatively
small, the results for pairs of jars have been .combined and
are given in Tables 19(a) and l9(b) A1l the relevant dé#a
for the 1nd1v1dual jars is given in Tables (a) and (b) of
Appendix l,

-The“cumulative thermal sums for ea?h jar were
cglculated ﬁo the nearest:deg;ee hour above O?C for each jar
but since the variation between the membe;s of the respective
pairs of jars was very small; they ;re given in Tébles 19(a)
aﬁd (b) as the average cumulate thermal sum for gﬁch pair of
jars; Where the larvae were not maintained_in constant

temperature rooms the calculation of the thermal sum required

the iﬁterpolétion of the night temperatures. In jars 5 & 6
'of.both Experiments 1 and 2 the overall tempgrature variation
wasfonly 200; So any errors in the calculation will be quite
small; The determination of the thermal.sums for jars 3 and

4 of Experiment 2 was more difficult since par?_Pf the cooling
during each tempe?ature'fiuctuatiqn occurreé at nigh£: These
calculations wére‘the?efore done graphicélly and by calculating
the cooling curves froﬁ the initial rates of cqo}ing and
intérpola£inglthe results; and the thermal sum was determined

from the area under the curves produced;
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The delayed transport mortality which occurred
especially in the control jars 1 and 2 of Experiment l; and
was also apparent in the other experimental jars of Experiment 1
and to a lesser extent in Experipent 2; will be of the same
proportions iﬁ all the jars of each e;periment; and thefefore
its presence will not invalidate any conclusions which may be
drawn from_comparisops of the percentage 1a;va1 morteiity;
between the.different pairs of jars within each experiment:

Care must however be taken when comparing the reeults of
Experiment 1 with those of Experiment 2: not only because of
the difference in the delayed transport mortality; but also
because of the different instar compositions of the lerval
populations used:-

It is apparent from these experlments that continuous
temperatures of both 16 =~ 18 C and 21 =~ 22 5 C will cause 100%.
mortality of both the P.hiftiges and Non-hirtiges larvae wittin
2 - 5.days, but both températufes lie beneath the therm;l death
point for the larvael The continuous temperature of 4 = 5°G
in the controls of both experiments showed a very low mortality
in the later periods; showing that this temperature was suitable
for the completion of larval development: The critieal
temperature, that is.the temperature above which 100% mortality
of the larvae will occur before.development is complete, mqet

lie between 5 - 16°¢. Above this temperature the mortality

rate of the larvae will increase with incréase in temperature,
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therefore as expected the mortality rate was higher at
21 - 22.5°C than at 16 - 18°C, the mortality rate at the
higher température being approximately 2 x that at 16 =~ 18°C
as is shoﬁn by the times taken to reach 59% larval mortality
(Table 20). An accurate determination of thé critical
temperatures cannot be made on the basis of the present
experiments since the only constant temperatures at which the
larvae were maintaiﬁed were above the critical temperature:

The relationships between -the mortality of the larvae
énd the water témperatures.to'whidh th;y were exposed is shown
in Figs: 20 and 21: The mortalities afe shown as a percentage
mortality of the larvae at risk; which cpmpenéates for the
apparent fall in the ?ergentége mortality during each period
especially as 100% mortality is approached. At 21 - 22.5°C

larvae occurs at a constant rate

the mortality of E;hirti es
£hroughout the experiﬁent; falling only slightly during the
last period, probably due to the achievement of 100% mortality
before the dead larvae were removedl " At 16 - 18°C the initial
mortality of P:hirtipeb larvae i1s low during the first day in
both experiments but rises dﬁri;g the third and fourth days in
Experiment 1, to a rate of mortality similar to that seen at

21 - 22;5001 In Experiment 2 this increased mortality begins
on the second day: This delay in.the mortality at 16 - 18°%¢
may in-part be due to the time taken for the water temperature
" to rise froﬁ b - 5°C'ét the begiﬁning of the experiment to 17%

which took approximately 8 hours in both experiments;-but the



TABLE 20 Time (Hours) taken to achieve 50% larval

mortality in Experiment 1

P.hirtipes Non-hirtipes

Temperature larvae larvae
JARS 5 & 6 16-18°C  76hrs (963) 77hrs (1075)
JARS 3 & & 21-22.5°C 32hrs (603)  38hrs (831)

( ) Cumulative thermal sum in degree hrs

above O°C
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delay of the mortality on the second day in Experiment 1 at
this temperature cannot be due; in>any way: to the time taken
for the water temperature to rise: At éhis temperature
therefore there is evidence of a delay of one to two days
befiore the temperature has a marked effect on the mortality
of the larvaei Bearing in mind the delayed transport
mortality of the larvae ‘in the control jars; the early mortality
of the larvae could well have been lower? The preseﬁce of a
delayed transport mortality in the larvée maintained at 16 =~ 18°d
is indicated in Experiment 1 where .the percenfage mortality of
the larvae at risk fell during the second dayi

When the larvae were subjected to a water temperature
fluctuating between 4 = 26:5°C; having maximum temperatures of
18.5%¢, 19.0°C, 20.0°C, 20.5°C and 19.9°C during the first five
days before being kept at 4 =~ BOG'for the remainder of the
experiment, the mortality of the larvae remained at a very low
level during the first-three days; only showing a marked increase
in mortality after the fifth fluctuation: . Phis shows clearly
that the effects of harmful temperatures may not be immediate
but are accumulative as is shown by the continued higher rate
of mortality during the last three days of the experiment when
the water temperature was at 4 - 506: a level which would
normally prod#ce only a very low mo;talityc

At temperatures below 21 - 22:5OC"an accunmulative
.effect of temperaturé can be seen: This can be demonstrated

more clearly-when the data is plotted graphically (Fig;zz);
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the thermal sum to produce 1% Mortality of the larvae

being plottéd on the X axis and the cumulative thermal sum
being plotted on the ¥ axis: If the temperature has an
accumulative effect there will be a decrease in the thermal
sum required to produce 1% mortality as the cumulative thermal
sum increases, that is;'the graph will show a downward slope
from left to righti When the graph is parallel to the Y axis

the mortality is proportional to the thermal sum and no

accumulative'effect is evidenti At 21 - 221500 the mortality

of the larvae is propertional to the thermal sum and no
accumulative effect is evident; while at 16 = 18°G the
tempe{ature becomes more effective in prpducing mortality of
the larfae until by the'third day it is almost proportional

to the thermal sum; indicating a cumulative effect during the
first two days: At 4 - 500; after a low mortality during the
fifst three days; the mortality decreases despite the increase
in the thermal sum and no accumulative effect occurél Where
the temperature was allowed to fluctuate (4 - 20:500) above.
and below the critical temperature: the graph is similar to
that at 4 - 5°C.for the first three daysil  However bé%ween

the third and fourth days the mortality increases and an

accumulative effect can be seen; and even after return to the -

cooler water temperatures the mortality remained proportional
to the thermal sum although at a slightly'lqwer level than at -
the higher constant temperatureé; Although differences do

occur in the relationship between the larval mortality .and
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. and the thermal sum for the P:hirfiges and Non-hirtipes

larvae, especially in the control jars at 4 - 500; where

the difference was mainly due to the difference in the initial

larval mortalities; the general relationships between the larval

mortality and the thermal sum is the same for both P: hirtipes
and Non-hirtipes larvae: |

We can conclu@e; from the previous data; that
temperatures above 16 - 18°c are too high; if applied
continuously to allow any of the larvée to complete.fheir
development, and temperatures of 16:- 20:500; even when applied
for short periods; 2525hrs: 3hrs: 5:25hrs; 9}5hrs and 5hrs,_a;
they were in Experiment 2; have cumulative effects which cause
a marked mortality, perhaps being éufficient to prevent completion
of development by fhe larvae: The critical temperature must
therefore lie below 16°C but above the average maximum
temperature which they normallj experience during the completion
of their development during the Spring:

Since both S;ﬁonticolé'and S;variegatum are both

bivdltine, their larvae of fhe Summer generation will
experience much higher stream temperatures than those of the
Winter generation: The maximum temperatures in several north
Pennine streams frequently éxceed 15°G'during late June, Jul&
and August (Table 22): The larvae of P:h;ftipes however only
occur during the Autumn and Winter when the water temperatures
are considerably lower; the maximum temperature at 150m in

Swindale Beck only exceeding 13;060 on three occasions towards
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the end of their development period; Since the Summer

generation larvae of S:mpnticola and Sﬁvariegatum must be
adapted to the higher Sumﬁer stream temperatures; we might
expect to be able to detect some difference in the effects
of high water temperatures on the mortality of P}Hirtiges
larvae as compared with the Non-hirtipes 1arvée; which would
then provide an explanation for the absenée éf a Summer
generation in P;hirtipesr

Tﬁe daily percentage mortality for both P:hirtipes
and Non-=hirtipes larvae correspond well at the lower temperatures
of the control jars; however at the higher temperatures
differences can be seén: In all the experimental jars
maintained at 16 - 18°C and 21 - 22.5°C the cumulative
percentage mortality wés greater for the P:hirtiges larvae,
that is, the effects of the high water temperatu£es tended
to produce 100%. mortality of P:hirtiges larvae sooner than
for the Non-hirtipes larvaez In jars 3 and 4 of Experiment 1
where the temperature range was 21 - EZTEOG"there was also a
marked difference between the mortalities of the P:hirtipes
and Non-hirtipes larvae on the second day as caﬁ be seen by
examination of the percentage mortality of the larvae at risk
for these jars (Table l9(a)t This again shows that the higher
temperatures are less rapidly effective in causing the mortality
of Non-hlrtlges larvae and it may be that at this temperature
there is a delayed temperature effect, as at the lower

temperatureé, on the first day: which is obscured by a high
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transport mortality; This may also be true for the
P;hirtipes larvae, but the délay does not ;xtend into the
second d#y; '

The'differenéés in the mortalities of the P:hi;tipes
and Nqn-ﬁirtiges lérvae was less clearly defined in the jars
maintained at 16 - 1800; but at this temperature in both’
Experiﬁents 1l and 2 the percentage mortality dpring‘the secon&
and third days was consisten;1§.i6wer for the Non—hirtiggs ,
larvae (Table 21): This again indicates that the higher
témperatures take longér to become effective on the Non-hirtipes
larvae: This effect may have been more marked were it not for
under the experiﬁgntal conditions as is shown by the
mortalities of these larvae in the control jars.

In jars 3 and 4 of Experiment 2; where the larvae
were subjected to flu;tuéfing temperatures; it might be
expgcted that, because of the apparent delay'in the effectiveness
of the high temperétqres on the Non-hirtiges }arvae; the
accumulative effect of the temperature would occur later or
cause a lower percentage mortality: This was not the case;
the cumulative effect of teﬁperature occurred sooner for the
Non—hirtipes larvae and caused a slightly higher percentage
mortélity;

We may conclude from these experiments that constant

water temperatures of 16 - 18°C will cause a high mortality 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°¢) JAR 6 45,3 43,2
EXPT.2 JAR 5 78.1 63,0

(16-18°¢C) JAR 6 73.1 68.6



87
both.P;hirtiEes and Non-hirtipes larvae; the rate of
mortality increasing with the time of exposure to the
temperature: This water temperature range is however
slightly less effective in producing mortality of the
Nog-hirtiges'larvae and its effects are more delayedl
At constant water temperatures of 21 = 22:590 the effects
of temperature are immediate and do not increase with the
time of exposure to the temperature although here again
there is some evidenc; that it is less effective and its
ef%ects'may be more delayed in the case of the Non-hirtipes
larvae; If temperatures in excess of 1600: even if given
for-éhort periods; they will increase the perceptage_mortality
of the larvae and their effect is cumulatiYe: There is no
evidence however to'sgggest that P:hirtipes larvae are any
more susceétible to these fluctuations of high temperatures
than the Non=hirtipes larvae: The critical temperature above
which mortality shows a marked increase is not precisely known
but it probably lies below 16°C for both P.hirtipes and Non-
hirtipes larvae, and the evidence for thesewtwo types of
larvae having different_critical t;mperatufes is contradictory,
.although the éreater wéight of evidence suggest§ that the

critical temperature may be slightly higher for the Non-

hirtipes larvae;
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1.7 Summer Stream Temperatures in North Pennine Streams

It would seem from the evidence of the larval
temperature-mortality experiments that a wafer-temperature
of 15°C would be sufficient to prevent.the completion of the
larval development, and it is of interest tHerefore to examine
the water temperature data which is available for Swindale
Beck and other streams in the locality during the moﬁths from
May to September when P:hirtigés larvae arg-not present in
the stream. |

The thermographs at 150m and 400m in Swindale Beck
continued to operate until 5 June 1957. At 150m, in the
period after 5 May; when the last larvae occurred in the stream
until 5 June, the water temperatureg remained high; water
temperatures in excess of 15°¢C occurring on 1; 2 and 3 June
being 15.9°, 15.0° and 16.4°C respectively. _ Similar high
maximum temperatures occurred at 400m on 28 May:'31 May;
1 June and 3 June being 15.0°, 15.3°, 15.8° and 16.8°C
respectively: It is interesting to note that the“maximum
water temperature was higher at 400m than at 150m: This
occurred on a sunny day following a périod ef consistently
high water temperatures: Swindgle.Beck is exposed to the
south-west and is thefefore warmed by the sun for most of
the day, especially at AOOm where no Frees are present to
provide shade; For 3Km; from 280m - 180m; the stream

‘passes through a shallow tree-lined gorge; the trees being
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in leaf from mid-May until Autumn; thus pfoyiding shade
during these months; This shading reduced the héating
effects of the sun sufficiently to prevent the maximum .
temperature at 180m attaining a value as high as that at
40Qm; A similar effect has been described by Macan“(l958)
for a similar type of stream rising ig open moérland énd
then flowing down a wooded slopet‘ He noted a fall.in
temperature from 21:6?& befofe the stream entered tﬁe
wooded section to a minimum of 14ﬁb°c in the part shaded
by the woodlandi ..He éointed out however that the cooling
effect of shading.only occurs in warm sunny-weather condiéions

drops

while in'periods of high water levels after rainfalljsuch
in temperature are greatly reducgdrl Since June: July-and
Augﬁ;t are periods_of sustained high temperatures; these
inversions of the temperature maxima between the open higher

" altitudes aﬁd the shaded lower section of ﬁhe stream are
probably not uncommon dqring periodé of fine Wgatﬁer;' The
thermal sums however remained higher at 150m k330f4° Hours)
than'at 460m (312;4°'ﬁours) on 3 June: ~ Since these high
maximum temperatﬁres were achieved before the period of high
Summer temperatures; recognised by Macan (1958) to occur
dﬁring July and August.in most years: there seems little doubt
that during most periods of fine weather during these months
temperatures of‘lS?CTand above will occur fregquently over the
altitudinal range of P:hirtiges larvae in Swindale Beckf

It may also be assumed that the thermal sums at the higher
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unshaded altitudes will show less divergence from those at
the lower shaded altitudes during these periods and may on
occagions even be greater:

Thermograph data is also available for Cross Gill
at 380m in which P:hirtipes larvae are known to occur and
for Moss .Burn at 605m; a smaller stream from which P;hirtigeﬁ
larvae a;e absent; This data relates to the Summer water
temperatures from 28 June = 5 September 1951 for Cross Gill
and from 15 May - 30 September 1953 for Moss Burn: Both
streams drain the egstern slope of Fhe Alston Block; having
gradients of 1 in 15-30: These lesser gradients may enable
these streams to warm more quickly than Swindale and Crowdundle
Becks where the gradients reach 1 in i:7f However their
north-easterly exposure may to some extent compensaté for this;
During these periods of recording: maximum temperatures of 1500
or greater occurred on 38 of the 90 days of complete record in
Cross Gill and on 30 of the 155 days of complete record in |
Mo§s Burnc‘ |

Mercury thermometer reddings are also available
for Cross Gill, Moss Burn and Trout Beck: a much larger
stream 3-6am in width (Table 22).

Water temperatures of 15°C'and above are not
uncommon in the North Pennine Streams and in the smaller
streams, even at relétively high altitudes: they may reach

levels at which rapid mortality of all three species of

black-£fly larvae would ogcur} The maximum temperature in



TABLE 22 Summer thermometer readings in North Pennine Streams

Altitude(m) No, of Readings exceeding .
Readings 14,9%
Moss Burn 605 14May-23Sept 1952 75 21
Cross Gill 300 22Jun-11July 1955 19 16
Cross Gill 300 4-18July 1956 14 2

Trout Beck 600 9-15July 1956 5 5
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Moss BPurn on 12 successive days from 23 June to 4 July 1952

ranéed from 20:300 to 25:2°G"and maximum temperatures of 20°C

were again achieved on 7 and 8 August in the éame year: Thére

is also evidence that these temperatures Sccur regularly from
year to year:

There is thus evidence that the Summer stream

temperatures are unsuitable:for the development of P:hirtipes
larvae; Eowever from the results of the larval temperature

experiments it would appear that these temperatures are also

detrimental to the development of S;monticoia and S;variegatum

larvae. If any difference does exist between the critical
temperatures for P.hirtipes and Non-hirtipes larvae, it is

small, allowing the larvae of S.monticola and S;variegatum

to develop in only slightly warmer water temperatures which
may explain the restriction of these species to the larger

"hill streams at low altitudes. The Summer'generation larvae

of S;monticola and S}variegatum may well have higher temperature
tolerances thén the Winter larvae of the same spécies; due perhaps
to acclimatization effects; i:e: under natural conditions the
slower fises in water temberatures than those used in the
laboratory experiments; might give the larvae scope for
acclimatization, so that instead of 1800 causing considerable

mortality, 22°Gfmight be needed to have the same effect,


http://hirtjp.es

92

1.J. Discussion

Evidence has been giﬁen that.in both Swindale and
Crowdundle Becks during the period from 1954-57 the larval
development period of P:hirtiges is progressively extended
as the altitude increases and is longest near the normal
upper limit of the altitudinal range for this species at 430mﬁ
Pupation at this altitude was between 2-4 weeks later than at-
180m which was the lowest altitude studied so that development
near the upper limit of the altitudinal'range cannot be completed
before mid-May, while at the lower altitudes it is completed in
early May:' The time of hatching is less well demarcated since
first instar larvae were not found in the sampiés from 1954-571
Most of the hatching at 300m however occurrea.earlier than at
180m in Swindale Beck; 1956-57; since the mean head-capsule
widths of the larval samples were for a period during th;
Winter, larger at 300m than at lSOmﬁ The larval samples at
430m were very small in the early season from 22 November 1956 -
8 January 1957 so there is little evidence to indicate the time
of hatching at this alti£udet However in the samples obtained
on 15 January 1957 one seventh instar larva was obtained at 430m
while the largest lé:vae in the samples obtained from 180m and
300m were 6th instar larvae; also'the first last-instar larvae
obtained in the samples were collected on 8 March 1957 at both

180m and 430m despite the observed slower rate of development



at ﬁhe higher altitude: This would seem to indicate that
hatching of the larvae occurred on average earlier at the
higher altitudes, thus comﬁensating to some extent for the
slower rate of developmentf‘

Tneée thermal sum for January to May ;957 was
substantially greater at 150m than at L00Om and this.difference
was consigtent throughout the period: From the evidence of.
other temperature readings along the length of the streams it
may be assumed that a decrease of thermal sum with increasing
altitude was the norm; at least during the Winter and early
Spring; It is suggested tha* it is “the thermal sum or
overall temperature experienced by the larvae which is
responsible for the inéreasing time takeﬁ to complete larval
development as the altitude increases:

The evidence from the percentage change between
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the instar composition of the successive larval samples obtained

from Swindale Beck, 1956-57, and its relation to the thermal sum

experienced by the larvae between the sampling dates; shows a
vefy close relationship between the overall temperature
experienced by the larvae and their rate of developmentﬁ

This is especially true at 180m where corrections could be made

to offset the anomalies created by the continued addition of

small larvae to the sampies,“aé a result of an extended hatching

period. The existence of a significant qorreléfion between

the rate of development of the larvae and the thermal sum they



experienced indicates that the rate of development is, att
least in part, directly related to the thermal sum; although

it may also be effective indirectly througﬁ other factors such
as the dissolved oxygen concentration or the availability of
food organisms; It is possible that the changes in the instar
composition of the samples collected from Swindale Beck; 1956-57,
at 180m, 300m and 430m; which gave the appearance of a higher
rate of.development at the lower'altitudes; could have been
caused by the Steady washing down of the larger larvae from the
higher to-the lower altitudes: Allowing for the changes which
occurred at the times of hétching and pupation; the instar
composition of the samples were consistent: with the steady
movement to the higher instaré and no marked reduction of the
larger instar larvae in the samples at the higher altitudes was
noted excep£ ﬁpring times of pupationt

The increase in the length of the development peried
of P:hirtiges with increasing altitude; due to the lower thermal
sum at the higher altitudes; is supported by the observations
on the development of P;inflatum larvae for which the development
period is about eight months in the much colder temperature
regime of the st:eam at altitudes above 660m:

The annual cycle of'PlhirtiEes breeding in the lower
parts of the North Pennine streams appears to be adapted so that
the larvae onl& occur in the streams from October to May when
the water temperatures are low: . Over their altitudinal range

development of the larvae is completed by mid-May before the



occurrence of the high maximum water temperétures; It is
suggested, on the evidence from the larval temperature =
mortality experiments; that water temperatures of 15°C or
above will cause high larval mortality and that the effect

of these high water temperatures is accﬁmulative: Evidence
has Been presented that maximum water temperaturgs of.15°C or
above occurred in late May and early June at 150m and 400m’ in
Swindale Beck, 1957, and thaplpaximum water temp;ratures of a
similar order will frequently be-achieved in periods of fine
weather from July to August at these altitudes: These higﬁ
maximum water temperatures during the late Spring and Summer
would therefore be detrimental to the development of any
P.hirtipes larvae present at these timest The long egg stage
from June to October may ‘therefore be a method of surviving
th;s period of unfavourably high water temperatures: The
upper limit of the altitudinal range of P:hirtipes larvae

is that altitude at which they can complete their larval
development before the onset of tﬁe high maximum water
temperatures;

There is no evidence however that the thermal sum
and the occurrence of high maximum water temperatures in late
Spring directly controi the altitudinal distribution of
P.hirtipes larvae in the streams, the initial distribution
will be largely determined by the spatial distribution of the

eggs, the adult female flies presumably tending to confine
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their oviposition to altitudes below 450m where the water
temperatures are generally favourable for the:development
of the larvae:

It is suggested that-any:P:hirtipes larvae present
in the streams above 450m will not be able to complete their
development before the.advent of the high maximum water
temperatures in late Spring due to the slower rate of
development possible in the lower water temperatures; This
would then result.in high larval mortalities and failure to
complete their annual cycle: At still higher altitudes a
point will be reached where the maximum Summer water temperatures
seldom reach critical values of 15°C or above; and their
accumulative effect is insufficient to prevent the completion of
- larval development: The water temperatures at these altitudés
are therefore suitable for the development of Plhirtigesilaryae
but the lengthening of the larval development period; due to
the lower water temperatures; coupled with_the lbng egg stage
of this species, would not enable the completion of the annual
cycle at these altitudes: It is likely; but not proven, that
the larvae of P;inflatum are sensitive to the relatively high
water temperatures as has been shown for Plhirtiges larvae;
It is therefore suggested that the larvae of Péinflatum occupy
this temperature regime in the head-waters of thelstream above
660m, the completion of their annual cycle being facilitated by
a short egg étage: The absence of a long egg stage in P;inflatum

would conversely restrict the lower altitudinal distribution of
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the larvae of this species to those altitudes above which
the water temperature does not become critical during the Summer
months; Although no evidence has been.presentéd for the Summer
temperatures in the streams at the higher altitudes; it is
unlikely that the water temperatures often exceed 15°C during
the Summer months as most of the w;ter at these times is derived
from th;.colder ground waters and less from surface drainage
which was shown by Macan (1958) to be responsible for the high
maximum temperatures when it occurred during perioeds of fine
weather:

From this evidence it would appear that the overall
water tempgrature conditions prevailing during the development
‘periods and the occurrence of high maximum water temperatures
during the late Spring and Summer at the lower altitudes plays
an important part in the sequential displacement of P:inflatum

by P;hirtiges as the altitude decreases in several North Pennine

streams. A similar sequential displacement of Prosimulium

species has been recorded for streams in northern Norway

(Davies, 1951, 5%4%) where‘Plursinum Edwards occuéied a position

at the higher altitudes in the streams, similar to that of

P:inflatum,-being displaced at the lower altitudes by ?lhirtipes:
Since the larvae of the other black-fly species

present in the streams were not the subject of a detailed study

little can be said concerning their altitudinal distribution

and séasonal development: However the larval temperature -

mortality experiments indicated that the water temperature



becomes critical for the Winter generation larvae of both

S.monticola and S;variegatum at approximately the same values

as for P.hirtipes larvge; although there were some indications
thét the Non-hirtipes larvae could withstand the effects of
high water temperatures for slightly loager periods; .There

is insufficient evidence however to say that these differences

are large enough to explain the presence of both S.monticédla

and S:variegatum larvae.in the stream during' the period of
apparently harmful water temperétures during the Summer.monthsl
It may be that the larvae of the Summer generations of these
species are physiologically adapted to the higher wat;r :

»

temperatures occurring during the Summer; possibly by

acclimatization, If this is so, perhaps-the Proéimulium

species are univoltine because they have genetically been
unable to produce larvae able to acclimatize to the Summer

temperatures,
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Section 2

The effects of tempgratufe on the activity of the imagines

of Simulium ornatum Meigen:

-

2.4. Biology of S.ornatum

S;ornatum Meig; is the commonest and most widespread
of the British Simuliidae; the larvae and pupae being found in
almost all lowland water courses with a moderate -or slow water
current, espé;iélii where there is-trailing vegetation; The
larvae are present throughout the year; the overwintering
larvae producing adults from Febru?ry to April: Further
generations of adult flies emerge throughout the Summer and
Autumn, the generations overlapping to a large extent; .Pupae
are present until late October in most years: The adult female
fly bites cattle and to a lesser extent horses, chiefly biting
the belly and inner side of'the thighﬁ .They are also known to
bite other domestic mammals and mant The ébject of the present
study, made during the Summers 6£ 1956 and 1957; was to investigate
the relationship between the air température and the activity of
the adult flies under controlled laboratory conditions, agd S0

to determine the optimal temperature range for activity;

2.B. The Collection and Storage of the imagines of S;ornatum

Pupae of S.ornatum were collected from a small stream

at Sherburn, 5Km to the east of Durham City: Co. Durham. The
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pupae were rgmoved.from the stream while still attached
to the trailing vegetation on which they had pupatedl
In the'laboratory the pupae were placed in a shaded glass
trough ét approximately 170C until the a@ult flies emerged:
The adult flies were then transferred to 2 inch x 1 inch
glass longevity tubes similar to those described by Davies, D.M.
(1953) and kept in a shaded moist trough; The entrances of
the longevity tubes were covered with a narrow nylon mesh and
secured by a rubber band; Each tube contained a sugar cﬁbe
on which the adult flies-could feed and a strip of filter paper
on which the flies could rest; No more than five flies weré
placed in each tube and the sexes were kept separate; The
day of emergence for all flies was noted so that the ages-of
the flies could be determined when requiredi .The mortality
of the adult flies in these tubes was very low during the
first eight days which was the longest period of storage of

the flies prior to their use in the temperature experiments.
2.C. [The temperature - activity experiments

2.C.(i) Method of measuring activity

The experimental procedure used was similar to
that used by Nicholson A.J. (1934) to investigate the influence
of temperature on the activity of Sheep Blowflies. The activity

of the flies was based on direct observations of the flies under
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different temperature conditions, Five easily recognisable

types of activity were recorded as follows :

1. COMA : The flies usually lying on their backs or
hanginé from the paper or cork by one'or
more 1egs;

2; REST : There is no movement.of the legs or body but
the fly %s in a pormal resting position}

3. "MOVEMENT": This is confined to movements other than

. locomoéori-ﬁéééments; such as cléaning;
feeding and small movements of the legs and .
body;

4; CRAWLING : Self—explanétory;

5. FLIGHT : Self-explanatory.

Any or all of these different types of activity may odcur at
the same time in tgbes containing several flies and they can
change quite rapidly from one form of activity to another:

The recording of each type.of activity must therefore be made
at a glancé; Since the activity is always in a state of flux
and there may be large différences in the activities of
individua} flies, large numbers of observations are required
to'gi%e a reliable estimate of the éctivity: Estimates of
ﬁlight activity being more difficult to estimate were made at
different times from the other observations, by counting the

number of individual flights made by the flies in each tube

separately during one-minute observation periods;

¢ uins LY
AUG 1969
femon




-102
bbservations were made at different times on
tubes containing one; six and ten flies per tubei With ten
flies per tube, bursts of activity were particularly noticeable,
whiie with only one fly per tube the activity was greatly reduced
and the differences between the individual flies were more marked.
A record was also kept of the numbers of flies resting on the
corks of the experimental containers since Nicholson had shown
that their proportion provided a good indication of the
suitability of the temperature in the case of Sheep—blowflies;
The effect of temperature was tested; firstly by
using a series of consfant temperatures at which separate sets
of observations were made, and secondly by using a steadily

rising temperature and making observations at regular intervals

as the temperature rises.

2.C.(ii) Constant Temperature Experiments

The groups of flies on which observations were to be’
made ‘were placed in 3 inch x 1 inch glass tubes which
contained a 2 inch x 1 inch étrip of filter paper on which
the flies could rest; The tubes were closed with corks
which were pierced centrally by a 4mm bore glass tube
approximately 5cm in length which was sealed at the upper end
and blocked at the lower end which just projectgd beyond the
cork, by cotton weol; .These tubes contained a dilute glucose

solution and acted as a source of nutriment for the adult flies.
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The cork was also pierced eccentrically by a hole of
similar dimensions, bloéked with dry cotton wool to facilitate
a limited exchange of gases with the external atmoéphere:

.Const;nt temperatures of 170: 200; 250; 300 and 3500
were maintained using a constant temperature water bath: This
consisted of a rectangular glass trough; 20 inches x 1l inches
x 11 inches deep, filled with water: .The heating was ﬁrov;ded
by a 2 Kilowatt electric kettle element controlled thermo-
statically which maintained the water temperature to within
* O.loc-at 2o°c; The water in the bath was circulated by
an electric stirrer running at low speed to p#event égitation
of the tubes which would stimulate activity of the flies;
Two thermometers were immersed in the water at-either end of
the water bath, adjacent to the tubes of flies; to check the
water temperature: .The constant temperature of l?OC was
. maintained by the judicious use of ice during the observation
period, the heating element hafing been disconnecéed at this
temperature as it was very close to the laboratory temperature;
The experimental tubes containing the flies were held in position
by a 1/3 inch thigk perspex strip clamped across the top of the
water bath; The glass feeding tubes were inserted into holes
in the perspex strib and held in position by the upthrust of
the water; The level of water in the water bath just exceeded

the lower surfaces of the corks in the experimental tubes..

The apparatus was set up and run for one day at ZOOC, some of
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the glass feeding tubes being replaced by thermometers and
the remaining tubes containing Potassium thiocyahate papers
(Solomen, M;E;, 1945): The air temperature in the experimental
tubes remained within = O:lOC of the water temperature and the
relative humidity between 95 - 100%: The high humidity is
maintained partly by the dilute glucose solution in the feeding
tube and partly by the close proximity of a large volume of
water; It seems fair to assumé that this high level of humidity
will be maintained at all experimental temperaturesl The water
bath ‘was situated on a Bench in the 1aboratory; the illuminafion .
coming from a north facing window; so the flies obtained a
normal diurnal light cyclé and wére not exposed to direéf
.sunlighf: The constant temperature of 10°C was maintained
using a constant temperature éold'réom in which the illuminatien
was pro%ided bylan electric iight which was left on from 9;00hrs
to 18:30hrs to simulate the n;tural diurnél light cycle: The
constant témperature ¢old room was not hewever designed to
operafe efficiently at this rather high temperature so temperature
readings ‘were made of the air temperature near to the experimental
tubes at the beginning and end of each -set of dbservations, the
average of the two readings then being taken as the temperature.
at which the observations were made: .The variAtion recorded
was from 8.8°C to 12;000: -

In the experiments where the experimental tubes

contained 6 or 10 flies; observations were made at 15 minute
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intervals between 9:30hrs and l7:30hrs except for a break
of one hour between 12:30hrs and 13:30hrs: Observations were
made on sets of ten tubes, so in the case of 6 flies per tube
1800 observations on individual flies were made at each
temperature and 3000 observations on individual flies at the
same fempér;tures using 10 flies per tube: Where only 1 fly
per tube was used, the observations were made at 1O-minute
intervals so only 420 observations were made on individual
flies during one day: To compensate for this the experiments
were repeated, making totals of 840 observations on individual
flies: Each set of experimental tubes consisted of equal
numbers of tubes contéining either male or female flies, but
occasionall§ one or more tubes contained mixed male and female
flies aepending on the availability of the different sexes;
However since there was no marked difference in the activities
of Fhe male and female flies the observations for the sexes
have béen grouped together: Different sets of flies were
used for eaéh.sef of observations at one temperature and only
flies from two to six days old were used; except in the
experiment using one fly per tube when the ages ranged from
1 to 8 days; The sets of flies were!placed in the water bath
on the evening before obsefvations were to be made so that all
flies had a period of 15hrs in which to acclimatize to the

temperature. This however caused a high mortality at 35°C.
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Only one constant-temperature wafer bath was
used and in.consequence the experiments were spread over a long
period from September to October in 1956 and from July to
- August in 1957; The illumination and the flies themselves
will therefore be subject to some seésonal_variation:

When the results were analysed the flies in a coma
were discounted; The number of flies affected in this way at
the lower temperatures from lOOC to ?500 was very small, but at
both 30°C and 35°C the mortality rate was high. When two flies
in a tube containing 6 fliés, or 3 flies in a tube containing
10 flies were in a coma or died during the course of observations
the results for this tube were discounted since it was shown thaf
the number of flies in each tubé has!a marked effect on the level
of activity (Fig;23): .The numbers of observations on which the
results for 30°C and 35°C are based is consequently reduced,
especially at 3500 for 6 flies perltube; and no results are
available at this temperature for 10 flies per tube; The
observations made under the fluctuating tempefature (8;800 to

12°C) have been grouped in l°C intervals so that here again the

number of observations on which the results aré based has again

be%ﬁ'reduced, 50% of.the observations being at llOC and 25% at:lOoC.
= The experiment using only one fly per tube was designed

to test the effect of ageing on the activity of black-flies;

Ohly female flies were used and sepafate sets of flies from

1 day to 8 days old were maintained at 20°c for observations.
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The results are shown in Table 23: It can be seen that
the activity of the flies increases betwee# the first and second
days, then remaining fairly constant for the next 6 days, .the
overall variation being 6:2%: On the eighth day the activity'
showed a considerable increase: The low activity on the first
day may have been due to the lack of time in which the flies
could acclimatise since some of tﬁese flies were placed in the
experimental cohditions only 2 -'§hr§ after emerging: Since
each fl& represents 5% of éhe observations in each age group,
the variationébetween the second and seventh days is due at
least in part to the large differences in activity which can
occur betﬁeen the individual flies: It seemg fair to assume
therefore that the activity of the flies does not vary greatly
between the ages of 2 - 6 days: In all other experiments
only flies within this.age range have been used:

The results for the e#periments using 6 and 10 flies
per tube:are plottéd as curves.in.Em;24 as the fractions
resting, "moving", and crawling: A comparison of the curves
shows that the activity is greater for 10 flies per tube in all
respects; The shape of the activity curves are not symmetrical
but show a rapid increase between 9 - 1290 and a much slower
decline as the temperature appioachés the thermai death point;
The initi%l steep increase in activity may be due to the
stimulating effect of fluctuating temperatures or;as_will be
seen later, to it coinciding with temperature range in which

co-ordinated activity bég;ns; The slower decline in activity



TABLE 23 The activity of Simulium ornatum 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 a .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 is to be expected since the temperatures
remain high enough to allow co;ordinated activity to occur but
the decline may be less marked as the resulé of discounting
tubes in which.mortality occurred: The maximum activity for
10 flies pef tube occurs at 12°C and that for 6 flies per
tube af-17oC: It is probabie however that neither of these
two temperatures represents the true optimum temperatures for
activity; Examination of the shapes of the curves would
suggest that the maximum activity in both cases would lie
between these temperatures;

Co-ordinated locomotory movements begin at 9:500
for both 6 and 10 flies per tube but they are preceded at |
8.5°%¢C by "movement" described as "fidgetiness" by Nicholson (l95§);
The temperature at which these non-locomotory movements occur
cannot be determined from these exﬁeriments except to say that
they probably begin below 8;5001 Fidgetiness or movement,
although forming a high proportion of the general activity .
below §;5°ngoes not continue to increase once the temperature
level is sufficiently high to allow crawling, but remains
relatively low, only forming a greater proportion of the
activity at the higher temperatures which have a depressing
effect on the co~ordinated locomotory movements: .The fraction
of flies resting on the cork was shown by Nicholson to indicate
the unsuitability of the temperature: highe£ numbers of flies

resting on the cork indicating the unsuitable nature of the
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temperature. The temperature-preference curve or fraction
of flies resting on the cork is shown in-Eig:ZE for 16 flies
per tube only and it shows a similar pattern to that described
by Nicholson (1934) and indicating a preferred temperature of
10;500 - l7°C which corresponds with éhe range indicated for
the'optimum temperature for activityf

The obserVations.of flight activity w;re incomplete,
no observations being made at 3000 and 3500 and at 17OG and
ZOOC for- the tubes with six flies: .The. remaining observations
are plotted in fig:26_as the average number of flights per
minute per fly: The results represent observations of a single
fly for a period 2:? to S:Ohrs: No flights occurred at 8;500
but the flight activity increased rapidly from 9:50 - 11:50C
reaching a higher value for 10 flies per tube at 11:500 than
for 6 flies per tube at the same temperaturel The oﬁtimum
temperatures for flight activity probably again lié between
11;50 - 17;000; Although the observations are not complete,
the curves for flight activity appear to cofresﬁond with the
curves for Ather co-ordinated movement: beginning at the same

temperature;

2.C.(iii) Rising Temperature Experiments

The same constant temperature water bath was used

but the heater was replaced with one of a lower wattage and
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the thermostat was disconnectedl When switched on, this
apparatus produced a slowly rising temperature; rising on
average lOC in 13;5 minutesi- Since the heater was not
adjusted during the period of the experiment; the rate at
which the temperature r;se was slightly quicker at the lower
temperatures than at the higher témperatureé: In all; three
experiments over temperature ranges from 115°C'- 22:500;

5;000 - 24;2°C, and ll:8°C - 29:000 were performed and since

the water heating curves were the same in all cases;,the results
of the three experiﬁents were combined: tﬁe results being
collected in 2°C intervals to produce smoeother curves;

The same expérimentalutubes were used as previously,
each tube containing 10 flies of mixed sexes: The sets of.
10 tubes were kept in the constant temperature coldroom at
8.8° - 12;O°C overnight beéore being transferred to Ehé water
bath the following'morning: The water in the water bath was
reduced by the addition of ice: the experimental tubes being
placed in the wdter-bath immediately after the ice had melted;
.The flies were given 5 minuﬁes to settlg and then the heater
was swi?ched on: '.6bservations of activity were made every
15 minutes throughout the period; the-temperatufe being noted
at the beginning and end of each set of observations; the
average of the two temperature readings being taken as the
temperatures at which the observations were made: Flight

observations were made every 30 minutes and since the time
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to make the flight observations was much.longer, note of
the temperature at the beginning and end of the flight
observation on each experimental tube was madef

The activity of the flies under conditions of

progressiveiy.rising temperatures is shown as curves in Fig;27:
The generél character of the curves is very similar to those
of the constant tempe:ature experiments: General co-ordinated
activity, such as crawling.and“flight? increases rapidly above
10°¢c although occasienal flies were observed crawling at lower
temperatures, the lowest temperature at which crawiing was
observed was 3:4001 . The lowest temperature'at which flight
was noted was not in a tube being directly observed and is not
therefore included in the resultsf This fligﬁt occurred'at
8:7°CT The next flight obsérved occurred at 9:4°C; after
which flights became more frequent: The lowest temperatyre
at which any form of activity was observed was IT6°C shortly
after the experiment.commenced: At temperatures below 10°¢
the principal form of activity eihibited by the flies is non=-
locomotory, and above 10°C'these non;locomotory a;tivities
remain constant up ts 20°C before declining at the higher
temperatureéi The co-~ordinated locomotory moveme;ts increase
rapidly above 10°C'reaching maximum values at approximately
15°C for' crawling and at 17°C for flight activity, after which
they decline, .the fraction crawling being less than the fraction

of flies showing "movement" above 24°C,  The flight activity is
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rather erratic at the higher temperatures; perhaps indicating
the distressing effect Af these high temperatures although no
mortality occurred during these experimentsi The temperature -
preference curve (Fig:25) alse follows a similar pattern to that
observed in the constant tem?e;ature experimentsc This figure
gives the comparative aétivi%y cu¢§es for rising and constant
temperatures, t%? activity (méving + crawling) being expressed
as a fraction of the maximum'activity observed in each experiment;
These activity curves indicated that the optimum activity is
achieved at lower tegperature§ uﬁder-constant temperaturés,
which is at wvariance with the findings of Nicholson Who
suggested that rising températures tend to stimulate activity,
so that activity under these conditions would be optimal.at a
lower témperature than would be expected on‘the-basis of constant
temperature experimentéj Examina£ion of the tempe;ature-pr?ference
curve however shows agreement with Hiéholspn's findings, indicating_'
that the preferred temperature is.higher in fhe constant temperature
experiments: The curve for activity may also be distorted due to
the stimulating effect of the fluctuating temﬁeratures experienced
by the flies over the temperature range from SESOGf- 12;O°ét
It is probable therefore fhét under more rigidly controlled
experimental conditions the curve .for the activity under
conditions of constant temperature would be diéplacgd to the

right',



113

2.D. Discussion

It is clear from these expefiments that temperature
has a marked effect on the activity of imagines of S;ornatum
under conditions of high reiative humidity and that this effect
is very simil;f whether the temperatures are maintained at a
constant level or progressively rising: It is probable that
activity is stimulated under conditiens of rising temperature
so that maximum activity will be achieved at lower temperatures
and it is these values which will be_of-greatest importance when
comparing these experimental resul%s with those observed in the
field; ' Temperatures below 10°¢ inhibit locomotory movementé
although the occasional flies are capable of crawling at much
lower temperaturesland even flight at approximately 910002
The range of temperature from 10°C.to 23°C is quite suitable
for activity of the flies; the maximum flight activity eccurring
at 1700; Of the different forms of.actiﬁity observed, the
flight acti%ity is of greatesf importance since it will enable
the di;persél of the adult flies-frém the streams after eme?gence,
mating, feeding, which; in the case of the female fly; involves
the seeking out of a suitable host from which to obtain a blood
meal, and oviposition: Both the oviposition and biting activity
of S;ornatum have been studied by Davies_(l957) under field
conditionsi He found that there was no.consistent tendency for
the landing activity on the cow to increase with the temperature

or to be directly related to the temperature in any way; The
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range of temperatures over which he observed the flies
landing on the cow was from 1090 - 22°c; which is identical with
the values obtained from laboratory experiments: He showed that
wind speed was é major factor determining the landing activity
and oviposition activity in the field: It will be seldom in
the field that tempéfature will be the only variable environmental
factor since it is inter-related with humidity gnd light'intensity:
It would not be expected then that activity could be closely
related to the flight activity of the fly under normal environmental
conditions but it is only when the temperature becomes the factor
limiting the flight activity that-the associétion between flight
activity and temperature will be seen: Since the environmental
conditions in the British Iéies Wili seldom reach values high
enough to severely depress the flight activity;-the relationghip
will best be seen at the temperature below which flighté are not
observed;' It would appear then that the results of the field
observations confirm that flight activity of S;ornatum adults

begins at 1OQC;
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Summary

In two north-Pennine streams larvae of Prosimulium hirtipes

normally occurred at altitudes below 450m and those of

P.inflatum above 660m., Simulium monticola and Simulium
variegatum formed a mixed population along with P.hirtipes

below 450m and S.monticola probably had an extended range

occurring together with P;inflétum at altitudes above 660m;
P.hirtipes forms an increasing proportion of the black-fly
larval population from November to May due.to the addieion
of larvae resulting from an extended hatching period:

The thermal sum from January to May 1957 was greater at
150m than at 400m and is probably the normal case qgcept
perhaps during periods of fine summer weather;

There are eight larval instars during the development of

- P,hirtipes and the larval head-capsule width provides a

reliable means of separating the larval samples into
instar groups:

The first instar larva of P:hirtiges is recorded for the
first time in the British Isles and its morphology closely

resembles that of the first instar larva of a Canadian

Prosimulium species, probably P;fuscum;
The development of P;hirtiges larvae takes place more
quickly at 180m and progressively slower at 300m and 430m,

and the development is at least in part directly related
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to the thermal sum: There is a significant correlation
between the larval development and thermal sum at 180m:

The dimensions of P;hirtiges larvae deve;oping over a

longer period of lower.water temperatures are greater

than those of larvae developing more quickly during

periods of higher water tgmperatures;

In laboratory experiments temperatures in excess of

16°¢C - 18°Clare harmfﬁl to.P:hirtiEEE larvae and the effect
of these temﬁeratures is éccumulativej ' The larvae of the
winter genergﬁions of.S:ménticola and-S:variegatum are only

/ ..
slightly less affeé¢ted by these temperatures.

The restriction oflP.hirtiEes 1arva§ to altitudes below 450m

may be due to the thermal sum being insufficient to allow

larval development to be completed by mid-May after which
the thermal sum to at least 400m may reach harmful levels.
The larvae of P.,inflatum develop in constantly cold water

temperatures and the larval development period lasts

‘8 months compared to 4 - 5 months for P;hirtiges; The

presence of a long eég stage in P;hirtiggg and its absence
in P.inflatum and the temperature regimes at the different

altitudes provide a basis for the sequential displacement

of P.inflatum by P:hirtipes larvae at lower altitudes in
the streams;

In laboratory experiments the activity .of Simulium ornatum

adults is related to'fhe air temperature under constant

humidity and lighting conditions,
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12. Locomotory movements of S.ornatum aduits commence at
10°C and the optimum temperature for flight is l7°C

when the relative humidity is 95 - 100%;
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