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ABSTRACT

The morphology of the rays of the primary fans, the main

food collecting orgen, of 25 species of black-fly larvae (Diptera:

Simuliidae) were studied using the scanning electron microscope.
The form, arrangement, spacing and dimensions of the microtrichia
on the rays of these species was. recorded. The flicking action of
the primary fan was found vto be frequent and irregular. The actions
of the primary fan and mandible were also studied and their mode of
asction outlined.

Experiments on black-fly larvee of four species (Simulium
ornatum Mg., S. variegatum Mg., S. monticola Fried. and S. reptans
(L.) ) were conducted in an artificial enviromment in which current
velocity, food concentration and light level could be controlled.
Each species was found to differ from the others in its raté of food
intake over a range of current velocities. Specles with similar
patterns of microtrichie on their head fans had comparable rates of
food intake at the seame current velocities.

Experiments were done, using a dye-tracer technique, on

S. ornatum, S. variegatum, S. reptans, S. venustum and S. pictipes-

longistylcium in the natursl stream habitat of these larvae to deter-

mine the rate of intake of natural food. Intake rates varied widely
from species to species and within a specles depending on current

velocity and probsbly the amount of suspended matter in the stream.



Larvee of P. ferrugineum (Wahlb.) from Eastern Norway were
found to predate on other aguatic arthropods including other species
of 51ack-f1y lervae.

Experiments were conducted on the space requirements of
S. orngtum larvae in an artificial environment. Densitles of up to
141 larvae per sq. cm. were obtained. These densities were much
higher than those found in nature. Densities in nature varicd widely.

Analysis was made of the movements of larvae on an attachment site of

limited area.
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"There is no department of humen enquiry with which

I am even slightly acquainted which presents so many
pitfalls as the interpretation of natural contrivances."”
"Still we do not taste the full delight of Natural
History unless we attempt to walk where no one has

walked before."
L. C. Miall (1895)

"It is not only the great works, - those vast planets,

- not those gargantuan animals on the land as well as

in the sea which declares the majesty of the Almighty.
No! It is the most minute which reflect most vividly
the perfection of their Creator. May I go even further
and say the latter even more than the former show this
perfection. A large church-clock 1s, to be sure, a most
marvellous invention; but a pocket-watch set in a fine
case 1s certainly even more marvellous and redounds to
the greater honour and feme of its maker."

J. C. Eichhorn (1781)
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INTRODUCTION

The members of the family Simuliidae are a widely distributed
group of flies chiefly lkmown for the bites inflicted by the females on
men and animals. Fallis (1964) has listed the world-wide biting records
of the Simuliidae (commonly known as black-flies or buffalo gnats).
Wilhelmi (1920) summarized the early research on black-flies and their
depredations.

In the British Isles, the larvae of the Simuliidae are probably
more often encountered than the adults. Black-fly larvae generally
resemble the species ghovn in Fig. 1 and are common inhaebitants of
flowing water which is not highly polluted.

Black-fly larvae have a characteristic dumb-bell-like shape
and possess a single ventral proleg on the tmthorax. This proleg

together with an anal disc located on the posterior end of the abdomen

" are provided with numerous rows of minute hooks which aid the attachment

of a larva to stones, sticks or aﬁream vegetation in moving water.
Larvae are capsble of spinning silk, either in the form of a threed
(used as a safety line), or es & small blob which acts as a substrate
into which the hooks of the anal disc cen grip. The pupal cocoon is
glso spun from silk. General accounts of the habits of the larvae are

given by Miall (1895), Hynes (1966) and Macen and Vorthington (1962).
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Fig. 1. A mature larve of Simulium ornatum Mg. X18 (after Smart)

(e., antenna; sbd., ebdomen; e.g., enal gills; c.f.,
cepbalic fan; e., eyespots; mand., mandible; mex.,
mexille; pr.lg., pro-leg; p.l.bd., prothoracic leg bud;
meso.l.bd., mesothoracic leg bud; meta.l.bd., metathor-
acic leg bud; r.f.bd., respiratory filsment bud; w.bd. ’
wing bud; h.bd., haltere bud; r.h., ring of hooks on

"posterior sucker")
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The scope of this study of the ecology of black-fly larvae
has been necessarily restricted by the size of the subject. The
habitat of larvae is affected indirectly by envirommental factors which
do not operate on the larvee themselves but on another stage (egss,
pupae or adults). Such factors are: 1) the presence of suitsble
oviposition sites, 2) conditions suitaeble for mating and 3) the
presence of an appropriate host (for anautogenous species). Such
factors, while they may considerably affect the distribution and
abundance of black-fly larvae, are more properly part of a study of
the blology of the adult flies.

The portions cf the larval ecology which have been considered
in this study are: 1) the relationship of black-fly larvae to the
water currents in which they live, 2) the amounts of food obtained by
feeding larvee, 3) the method by which larvee obtain food, and 4) the
densities to which black-fly larvae can be crowded.

Other facets of the ecology of black-fly lexvae such as water
temperature, phenology, stresm bottom type, downstream migration and
the nunber of larval instars have been investigated by other workers

(Davies and Smith 1958), (Davies and Syme 1958), (Ussova 136k4),

~ (Johnson 1966), (Ulfstrand 1967), (Terterjen 1957), (Harrod 1965),

(Johnson and Pengelly 1970) end (Rubtzov 1964).
The previous research conducted in the four above-mentioned

areas which are the subject of this thesis will now be considered

separately.



1. LITERATURE REVIEW

a) Current and black-fly larvae

Early workers (Eichhorn, 1781; Verdat, 1822) merely stated
that black-fly larvee were inhabitants of running water. Riley (1886)
noted differences in the speed of current preferred by two species.
The idea that different species had different current preferences was
expanded by Wu (1931). Wu conducted a number of "transplantation”
experiments in which cat-tail leaves bearing larvae and pupae were
moved carefully to areas of the same stream having slower current
velocity. Both plankton-rich and plankton-poor strezms were used. In
the plankton-rich stream, lervae transplented from a velocity of
L6 em./sec. to 18 cm./sec. found the lower velocity suitable enough to
remain for at least 20 days. Transplaentation to a velocity of 12 cm./sec.
resulted in larvse disappearing within 4 days. In the plankton-poor
stream, ‘larvae transplanted from 84 cm./sec. to 38 cm./sec. remained on
the leaves but when transplanted from 84 cm./sec. to 30 cm./sec. they
disappeared within 4 days. Wu attributed the difference in minimum
current rates to which larvae could be transplented to a difference in
the amount of food materisl available in the two streams. After
edmitting that food and current were linked in the ecology of the larvae,
Wu concluded that they responded to current pressure on their bodies and
that black-fly larvae had en inherent requirement for current due to the

fact that in snother experiment larvae endured starvation in filtered

flowing lake water for T to 9 days.



Fortner (1937) using en unidentified species stated that the
optimum current required by larvae was 0.6 - 0.7 m./sec.
Grenier (194%9) noted that, "In mountain areas most species

inhebit rapid or tumultuous streams, whose current speeds reach
1 - 2 m./sec. even in summer. On the other hand, lowland species are
found in moderate or slow-running waters (0.20 - 0.60 m./sec.). It
must be pointed out that some lowland specles when found in bhilly
regions ‘are confined to small brooks ecologically very similer,
especislly in respect of current, to lovland streams.” The above
statement suggests strongly that current velocity rather than the
location of the stream is important to larvae.

| Zahar (1951) measured stream current with a water-wheel type
of velocity gauge and listed the current velocities at which he found
eé.ch specles abundan.t. He felt that current velocity affected larvae
through the quantity of food maede eveilsble to them. He sald, Tees
since° at any given point in & fast current a lla.‘rger quantity of plankton
will pass in a given time than at a comparsble point in & slow current
'in the same period of time." Fredeen (1964) also mede & .simile.r
statement to Zshar's.
| Both these authors did not explain why some species apparently
prefer a slower current. This would, on the basis of the asbove state-
ment, mean thet such species would have access to a smaller amount of
| food in a given time than if they were in a faster current. Species
found in slower water would thus seem (by these authors' statements) to

have put themselves at a disadvantage by choosing a habitat low in food

particles.



Phillipson (1956) (1957), in laboratory experiments on
preferred current velocities, found S. drnatum larvae to aggregate
at 80 to 90 cm./sec. and S. variegatum larvae to eggregate at 1.0 %o
2.0 m./sec. S. ornstum larvae occurred from 50 %o 120 cm./sec. while
S. variegatum occurred from 50 to 250 cm./sec. He suggested that current
velocity was important to the distribution of different species in a
single stream and might cause isolation of species in different parts
of a watercourse. Hsrrod (1965) found S. nitidifrons larvae to
aggregate at velocities of 50 to 60 cm./sec.

Johneon (1966) in studies on the North Medewaska Rive in
Ontario found that the densities of S. rugglesl were highest at current
‘velocities of 0.61 - 1.1 m./sec. vhile the densities of S. venustum-
verecundum larvae were highest at velocities from 1.1 = 1.34 m./sec.

Davies, Peterson and Wood (1962) found 8. pictipes end S.

longistylatun larvee to be restricted in hebitet to the fastest parts
of vaterfells, where they occurred in dense masses. '

Such observations as those of Phillipson (1956) (1957),
Johnson (1966) ard Davies, Peterson and Wood (1962) suggest that
aggregation of a pgrticular species of larvee to a certain current speed
range denotes an edaptation of that species to those particular conditions.
Zahar (1951) and Fredeen (1960) (1964) have suggested thet food avail-

ability mey be the reason for this eggregation in a particular current

renge.
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b) TFood and black-fly larvee

The food of filter-feeding simuliid larvae haes been found
to consist mainly of algae, diatoms, microscopic particles of organic
matter and tiny crustaceans (Planchon, 1848; Puri, 1925; Anderson and
Dicke, 1960). Aiso present are quantities of microscopic inorganic
particles.

Puri (1925) found head capsules of chironomids in the mid-
guts of black-fly larvae and Serra-Tosio (1957) observed predation on
chironomid larvae by P. inflatum.

Anderson and Dicke (1960) analysed the mid-gut contents of
a number of Wisconsin species and concluded that larvae were only
selective in feeding in thet they were capable of rejecting large soil
particles or detritus too large for larvee to ingest. The predominant
organisms in a water sample from a particular streem were also the
predominant orgenisms in the intestinal contents of larvae from that
stream. .All larvae studied were considered to be unselective when
feeding on suspended solids.

Williems et al. (1961) measured the particle size in the
intestines of larvee from various habitats and found the longest axis
of particles to range from 15.4n t 2.4 to 11.3p ¥ 1.81 and the shortest
axis from 8.0u = 1.8n to 6.6n ¥ 1.6n. These particles were not ident-
ified.

Fredeen (1960)(1964) reared larvae on suspensions of bacterias,
pointing out that this vas probably their nstural focd in the drainage
ditches of western Canada. Wood end Davies (1366) reared larvae on a

suspension of brewer's yeast.
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Chance (1970) examined the intestinal contents of larvae
from natural habitats and found that, "most particles were from 29u
to 100p long and 10u to 60u wide" but that particles smaller than
0.5p were sbundant. In her artificial feeding experiments, Chance
(1970) found that S. decorum and S. vittatum larvae tended to select
"Sephadex" beads of the smallest size offered (2§u diemeter). The
size of particles offered in these experiments ranged from 25u to
hOZp. Chance did not state whether or not the artificial beads of
various diameters were circulated with equal frequency in her apparatus.
If the smaller beads, having a larger surface to weight ratio were
circulated more rapidly than beads of larger diameter, the smaller
beads would have been more frequently exposed to capture by larvae.

Both Fredeen's (1960)(1964) and Chance's (1970) work suggest
that black-fly larvae can ingest very small particles such as bacteria.
Williams et al. (1961) are not clear in the graph in their paper which
suggests that thére were numerous part;cles gmaller than the size ranges
given in the table in the same paper.

Maciolek and Tunzi (1968) found that loss of cellular micro-
geston in a small fast-flowing mountain stresm was due mostly to removal
by eimuliid larvee. These larvae were cepable of removing 60% of the
suspended algae within a O.4 km. section of the stream studied. .

Summarizing the above mentioned results, it appears that
black-fly larvae are capsble of ingesting particles with a wide size
range (even up to the size of smaell insect larvae) but that the sizes

of particles generally found in the intestines of individual larvae



reflect the sizes available in the water. Results such as those of
Williams et al. (1961) are likely due to the presence of large numbers
of particles in a specific size range. The ability to rear larvae on
bacterial cultures (Fredeen 1960, 1964) and the apparent preference of
larvae for particles of 25u dlemeter over those of larger diemeter
(Chance 1970) suggests that black-fly larvee may be adepted to feeding

on smaller particles than other aquatic insects (J¢rgensen 1966).

c) The feeding apparatus and its actions

A characteristic feature of meny species of black-fly larvae
(not those in the genera Twinnia Stone and ngggpais Stone or the first
instar larvae of the genus Prosimulium Roubaud) is the presence, on the
anterio-lateral margins of the head, of a pair of complex cephalic fens
(also called head‘fans or mouth brushes). These cephalic fans are usually
regarded es premandibular orgens (Grenier 1949). Each fan consists of
e basal stalk upon which is erranged, as in a lady's fan, a number
(20-50 in mature larvae) of sclerotized curved rays. The internal
margins of these curved reys bear numbers of very fine microtrichia
which are arranged in a single rowv from a point near the base of each
ray to its tip. This structure is known as the principal fan (Grenier
1949). |

Grenier (1949) illustrates two secondary fans which together
with the principal fan meke up what is generally known as the cephalic

fan. These two secondary fens are called the accessory fan and the

marginal fan. The accessory consists of a number of simple rays,esch



with a single row of fine hairs, lying in a semi-circular shepe near
the base of the principal fan and attached to the basal stalk. The
marginal fan consists of a few rays projecting medially from the basal
stalk. - Sommerman (1953) and Wood et al. (1963) called the principal
fan the primary fan and the accessory fan the secondary fen and noted
that the secondary fan in the genus Prosimulium is of a much simpler

pattern than that found in members of the genera Cnephia and Simulium.

The method by which this cephalic fan complex gathers food
particles and the action of each part of the fan complex in feeding
has been given various interpretations. Riley (1886) stated that the
fans created currents of water towards the mouth and that the curved
rays directed particles into the mouth. Strickland (1911) considered
the fan as a strainer and that the flicking motion of each fan caused
food to be brushed into the mouth. Wilhelmi (1920) stated that there
was much conjecture about the way food was collected but considered
the cephalic fans as "Strudelapparat” or whirlpool orgens. Nauman (1924)
and Puri (1925) rejected this 1dea and considered that feeding was by
passive straining, although Puri (1925) suggested that when a fan was
folded it swept particles into the mouth.

Fortner (1937), in an experimental study of larvae with complete
agﬁ amputated cephalic fans in standing water, found the larvae with
nozlmal fans to ﬁse them as vhirlpool-creating organs. The larvae with
amputated fans were noted to lose food particles from the amputated
“stumps as the fans closed. The flicking of the cephalic fans was 15-17

per minute in standing water and up to four times that rate in moving

water,
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Grenier (1949) considered that the cephalic fans acted as

strainers.

| Harrod (1965) stated that S. nitidifrons required a minimum
current of 19 cm./sec° to hold their cephelic fans open for any length
of time.

Jfrgensen (1966) classified black-fly lervae as non-selective
passive filter feeders.

Chance (1970) studied the rate of fen flicking and found a
mean rate of 0.81 per second with a standard deviation of 0.33. She
considered that fan flicking was an irregulaer occurrence. Empty fans
were often flicked and fans ¢ ontaining food particles were held open
end not flicked. She concluded that the rate of fan flicking could not
be used to represent a feeding rate. Insteed she estimated feeding
rate by studying ingestion. Chance mentioned fan flicking but illus-
trated the transfer of food particles from the primery fan to the
mouth by the cleaning of the fans when they are ccmpletely closed and
retracted by bristles on the mandibles. In suggesting that the mandibles
scrape food particles from the closed fan she appears to consider that
the cleaning action of the fans by larvae (wherein the fans are stroked
by the mandibles, an action which goes on at infrequent intervals) is
the real food particle transfer action and not the fan flicking motion
considered as feeding by other authors (Fortner, 1937; Grenier, 1949).
Chance (1970) did not propose any role for the flicking action.

It remains to be discovered what the motions of the mouthparts

of black-fly larvee are in the food-gathering process and the resulting

11




path of the water-borne food particles. The controversy of whether
simuliid larvae are active or passive filter feeders reflects the small

emount of experimental date which exists to support either contention.

d) Population density

Black-fly larvae are often found concentrated in large
numbers, on a smell area of suitable hgbitat. A number of workers
have recorded population densities for & given ares of stream botiom
or aquatic vegetation. Zabar (1951) found larvae on vegetation in
densities of 2.1-3.2 larvae per sqelém. with one record at 5.5 per
sq.,em. Anderson and Dicke (1960) found a,oob to 4,000 larvae on a
stone 10 to 20 inches in diameter.

Carlsson (1962) determined the numbers of simuliid larvae
per 1,000 sq.. 'em. of stresm bottom. In 64 samples from 19 localities,
he found from 1 to 9,600 larvae per 1,000 sq. cm. (ie. up to 9.6
larvae / sq. cm. or an average of .35 per sq. cm. for all collections).
Maitland and Penney (1967) obteined densities from O to 228 larvae per
8q. m. (14 samples) in the River Endrick or an average area of 36 sq.
cm.

No study aeppears to have been done to determine if there is
any sort of maximum density to which larvae will aggregate. Carlseon's
(1962) observations show that larval densities may occasionally be very

high but do not suggest that this occurs very often.

12
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2. THE ABSOLUTE DENSITIES OF VARIOUS POPULATIONS OF BLACK-FLY LARVAE

As previously noted, several authors (Zaehar, 1951; Anderson
and Dicke, 1960; Carlsson, 1962; and Maitlend and Penney, 1967) have
recorded population densities of larvae. The author has occasionally
noticed in general collecting, high concentrations of larvae such as
that illustrated in Fig. 2 (taken of a stone in the Klara R. in eastern

Norway.) The larvae shown are Gnus rostratum Rubtzov.

The following work is in two sections. The first is an analysis
of population densities of larvae from the North Madawaske River, Ontario,
Canada, and from Allerton Beck near Stanhope in Co. Durham, England.

The second section deals with experiments in crowding a commonly

occurring English species, Simulium ornatum Meigen.

a) Methods and Materials for Field Studies

The collections from natural habitats in Canada and England
were made by selecting bledes of grasses trailing in the stream; these
were either leaves of aquatic weeds or leaves of grasses from the river
bank which were hanging in the water. 4The area of the substrate in
each sample was calculated by measuring the length and width of the
leaf or leaves and multiplying by two to give the total leaf surface.
The attached larvae were preserved in 95% ethyl alcohol and counted.

The number of larvee per sq. cm. was calculated by division.

b) Results of Stream Observations

Seventy-eight collections of larvae from the North Medawaska

River during May and June, 1965 are tabulated in Table 1. The area of




Fig. 2. Larvae of Gnus rostratun Rubtz. on o stone in the Klara R.,

Eastern Norway.
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vegetation sampled and the density of larvae per sq. cm. is given.
These larvee were a mixture of two species - S. venustum Say and S.
ruggles) N.&8M. Eighteen of these samples contained more than one larva
/sq. em., the greatest density being 19.8 larvae /sq. cm. Four samples
showed densities below 0.1 larvae /sq. cm. The average leaf area per
collection was 226 sq. cm. with an average density of 1.0 larvae /sq.
cm. The North Medawaska River (in the 100 metre distance in which the
collections were made) was a stream 4-6 metres in width with a rubble
bottom of stones 10-15 cm. in diameter. There were frequent patches

of eelgrass (Vallisneria americana Michx.) which was the vegetation

usually sampled in this study.

Forty-seven samples of vegetation from Allerton Beck, Co.
Durhem were collected on two dates. Twenty-five were made on March 30,
1967 and twenty-two on January 21, 1968. The results of each of these
collections are presented in Table 2. The average leaf area sampled in
1967 was 25.7 sq. cm. and there was an average larval density of T.l4
larvee /sq. cm. In 1968 the average area sampled was 9.6 sq. cm. and
the average density was 2.5 larvae /sq. cm. In the 400 metres of Allerton
Beck sampled the width of the beck rarely exceeded 1 metre and was often
less than 0.5 metre. Most of the vegetation sampled was grass which was
tralling in the water. The species of le.fvae were S. spinosum D.&D.

and _S_. brevicaule D.&G.

Pya
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Table 1

The densities of larvae and areas of vegetation from which they were
collected.

Semples from the North Medawaska River, Ontario - May - June, 1965.

Area of vegetation (sq. cm.) Density of larvae / B8q. Co.
140 0.04
214 0.1

98 0.1
T0 b1
70 2.8
90 4.1
90 1.3
220 0.2
380 0.2
180 0.5
120 0.3
128 1.2
210 1.5
110 0.9
112 1.4
116 1.8
120 0.6
228 0.4
152 0.6
156 0.5
14k 0.8
164 1.3
158 0.2
118 1.1
126 0.k
180 0.02
156 0.1l
194 0.4
140 0.5
80 0.4
L5 2.7

8 19.8
250 0.7
320 0.6
178 0.5
214 1.3
21k 0.3
172 0.4
250 0.3
340 0.2




Table 1 cont'd.

Area of vegetation (sg. cm.)

302
276
340
198
150
312
266
322
290
210
320
224
430
360
< 169
200
410
35k
394
380
338
280
430
290
266
288
92
420
308
306
340
322
204
398
326
158
320
242

Sum 17,606
Average 226

Density of larvae / sq. cm.

* * e

o ° [

L d

OO0 O\ DWW O\ & £ 1 1= 1

OO?OOOOOOOOOOOOO
N

OHgdi~ ®OFNND O

b=

.

o

o

HOOWMAN FOWN Fado

ONDWOONCHOFFOOOOOONOODOOO

®
-

-



Table 2

The densities of larvae and the areas of vegetation from which they
vere collected.

Semples taken March 30, 1967 and Januery 21, 1968 from Allerton Reck,
Co. Durhem, England.

March 30, 1967

Area of vegetation (sq. cm.) Density of larvae / sq. cm.
3.9 1.5
1.0 6.0
2.8 2.5
7.0 0.7
10.0 0.6
1.0 16.0
6.6 1.3
9.5 k.6
5.4 2.1
3.6 0.6
8.0 0.1
3.4 b1
3.0 22.0
3.2 15.9
4.8 21.6
2h.2 0.1
18.0 2.0
10.k 0.9
2.8 10.7
1.8 20.0
4.0 2.2
3.6 Ts5
1.5 0.8
2.0 8.0
1.2 3%.5
Sum 141.7 186.2
Aversge 5.7 Tk
January 21, 1968
Area of vegetation (sgi_gm.) Density of larvae / sq. cm.
59 1.3
17.6 3.9
4.5 k.9
2.4 6.7

1 ¢
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Density of larvee / sq. cm.

Area of vegetation (sq. em.)

Table 2 cont'd
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¢) Discussion of Stream Observations

The average densities of larvae in collections on both dates
from Allerton Beck were notdbiy higher than that recorded for larvae
in the North Medawaska River. The overhanging grass of Allerton Beck,
it was noted, provided far fewer attachment sites than the plentiful
aguatic vegetation in the North Madawaska. The areas of vegetation
sampled in the first stream were much smaller than in the second.
While the two streems differ considerably in physicel size and in
availebility of larval hebitat, comparison between their larval popul-
ations on the basis of density can give some food for further studies.

In both streams there were samples where the larvae were
crowded quite densély. In Allerton Beck, with its paucity of attachment
sites such behaviour would seem logicsl; but even in that stream larval
densities as low as 0.l larve /sq. cm. were found. In the North
Madawaska, with numerous attachment sites with a density below 1.0
larvae /sq. cm., nine semples hed larval densities over 2.0 /sq. cnm.
These results would seem to suggest that there is no strong pressure
on larvae in crowvded conditions to seek locations with & lower number
of larvae per sq. cm. The lack of such & response to the presence of
other larvae could well be responsible for the occasionel high densities
found in nature.

The results from the Allerton Beck samples of 1967 suggest
that high densiﬁies may be much more common than previously reported.
Seven of the twenty-five samples hed lerval densities above 10.0 larvae

/sq. cm. Whether any response to crowding appears at very high densities

20



1s difficult to determine in the field. The following experiments
on crowding in the laboratory were an attempt to provoke the appearance

of such a response.

d) Methods and Materisls for the Laboratory Experiments

A trough 60.0 cm. long by 3.0 cm. wide by 3.0 cm. deep was
constructed of transparent plastic sheet 3 mm. thick. At one end a
header box 10 cm. by 10 em. by 10 cm. was constructed and joined such
that the box emptied into the trough. The box was fed vie s stainless
steel header tank supplied with tap water. Suspended by a 4 mm. diameter
stainless steel rod just so it touched the surface of the water in the
troﬁgh was & plece of 2 mm. thick flexible plastic s‘:trip 5 mm. wide and
40 mm. long. This strip was divided by painted black lines every 5 mm.
of its length. The tip of the steel rod was glued to the upper side
et one end of the strip and & bent insect pin insexrted into the other
end to provide an anchorage point. To this anchorage point was attached
a length of monofilament fishing line (see Fig. 3). By pulling on the
line the flexible plastic strip can gradually be lifted out of the water,
thereby reducing the area available for attachment by the larvae.
Figures 4-8 show the progressive reduction of the area of the strip

during Experiment D.

The larvae used in these experiments were Simulium ornatum

larvae collected from & stream neer Shadforth, County Durhem (Map
Reference NZ 347 410). They were collected, from vegetation trailing

in the water of this small streem, into 9.5 cm. diemeter by 8 cm. deep
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screw top jars which were then kept in the laboratory at 12°¢. with

an air stone connected to an aquarium pump supplying air (and agitation)
to each jar. The larvae were kept in these jars overnight before being
used for an experiment. In one experiment (Experiment D) larvae which
haed been kept in such jars for six days were used.

Experiments were conducted by adjusting the strip so that
the entire length of its lower surface was Just under the surface of
the water. The rigid end of the strip (that held by the rod) was
placed downstream for Experiments A to J and upstream for Experiments
1 to 3.

The velocity of the current in the trough was measured by
means of a pitot tube gauge with the top positioned midway down the
length of the plastic strip and as close to its lower surface as poss-
ible. The construction and callibration of the pitot tube gauges is
given in Appendix I.

In Experiments A to J the larvae were first crowded down the
plastic strip and then later allowed to recolonise it by moving upstresam.
In Experiments 1 to 3 larvae were first crowded upstresm and could then
recolonise the empty portion of the strip by moving downstream.

Larvae were established by carefully lifting them with fine
forceps into the water and allowing them to spin out & length of silk
thread .which was then used to position the larvae next to the plastic
strip so that they could attach themselves to it. When the desired
concentration of larvee was obtained on the total strip (area 2 sq. cm.)

the flexible end of the strip was then raised graduslly from the water.



Fig. 4. S. ornetum larvee on the plastic strip, area 2 5G. Cm.

Flg. 5. S. ornetum larvae on the plastic strip, eree 1.T75 sq. cm.






Fig. 6. S. ornatum larvaee on the plastic strip, area 1.5 sq. cm.

Fig. 7. S. ornatum larvee on the plastic sirip, ares 1.25 sq. cm.






Fig. 8. S. ornetum larvee on the plastic strip, area 1 sq. cm.






This wes done so that the larvae were never lifted out of the water
but were only buffeted by the flow of the current past them. On
being buffeted in this fashion larvee would eilther move to & less
buffeted area of the plastic strip or abandon it altogether, allowing
the current to carry them downstresam.

After the lervae had been crowded onto an area of 1 sq. cm.
and counted, the part of the plastic strip which hed been lifted from
the water was allowed to re-enter. The numbers of larvee that re-
egtablished on the srea formerly denied them wes recdrded. The 1llume
ination over the larvae which had been maintained at a level approximating
that of noon on a dull cloudy day at Durham was reduced during a pericd
of 40 minutes to total darkness. The larvaz were then observed under

the illumination of a red photographic dark room safelight.

e) Results of the Laboratory Experiments

Table 3 presents the water temperature and current velocity
under which each experiment was conducted.

Each experiment was divided into two parts. The first part
considered was the reactions of the larvae to being crowded (i.e.
vwhether they allowed themselves to be crowded together or whether
they abandoned the plastic strip). The second part dealt with the
movements of the larvee after the area of the plastic strip previously
denied to them was lowered back into the water.

Teble 4 presents an anslysis of the first part of Experiments
A %o J (1.e. crowding). The time between 2 sq. cm. of plastic being

availeble and only 1 sq. cm. being available is given (col.2). This
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time period was to some extent determined by the larvae themselves,

as the area availeble for attachment was reduced by .25 sq. cm.
segments only when all the larvee had moved to such & position that
they vould not be lifted out of the water when such a reduction was
mede. The need for a longer time in Experiment C was due to the larger
number of larvae taking more time to move themselves down the strip.
The numbers of S. ornatum larvae on 2 sq. cm. at the start of the
crowding and on 1 sq. cm. at the end of the crowding period are given.
The "percent crowded” figure is the percent increase in numbers of
larvee per sq. cm. at the beginning end the endof the crowding period.
From this figure it can be seen that en increase in larval density

was obtained at the end of each crowding experiment ranging from 128.2%
to 180.5% of the original densities. A maximum density of 141 larvae

per sq. cm. was obtained.




Experiment

TABLE 3

The Temperatures and Current Velocities at which

each Crowding Experiment wae Conducted

Temperature %¢.

Current Velocity

cm./sec.
A 12.5 bl
B 13.0 62
c 11.0 Ly
D 12.0 "
E 10.5 Lk
F 10.5 Ly
G 11.5 Lk
H 11.5 Lk
J 9.0 "
1 12.5 L
2 11.5 Ll
3 1k.0 62

ry-w




TABLE 4

The results of crowding experiments on S. ornatum

Time larvae No. on No. on %
Experiment crovded 2 sq. cm. 1l sq. cm. crowded
Hr. Min.
A 3 00 82 T 180.5
B 1 50 99 89 179.8
c 3 50 220 141 128.2
D 1 15 109 /100 183.5
E 1 35 105 89 169.5
F 2 35 148 119 . 160.8
G 1 05 104 83 159.6
H 1 00 167 128 153.3
J 1 30 105 T0 133.3




Table 5 presents an analysis of the numbers of larvae
abandoning the plastic strip during crowding. The number of larvae
abandoning the plastic strip varied from 8 to 79. (This last figure
vas obtained in Experiment C, in which 220 larvee were on the strip

at the start of the experiment).

TABLE 5

Numbers of Larvae Dropping Off During Crowding

Time Larvae No. Dropping Fo. at % Dropping
Experiment Crowded off Start off
Hr. Min.
A 3 00 8 82 9.8
B 1 50 10 99 10.1
¢ 3 50 9 220 35.9
D 1 15 9 109 8.3
E 1 35 16 105 15.2
P 2 35 29 148 19.6
G 1 05 21 104 20.2
H 1 00 39 167 23.k
J 1 3 35_ 105 33.3
Average 1 58 27.3 126.5 19.5

The second part of the experiment attempted to study the
recolonisetion of the empty upper half of the plastic strip. The results

are given in Teble 6.

3 ]




Number of Larvae Returning up the Strip when not Crowded

TABLE 6

Time to No. moved No. availe-
Experiment move back back % moved back able to
Hr. Min. move back
A 3 00 5 6.8 T4
B 9 50 25 28.8 89
c 3 20 13 9.2 11
D 2 05 ho 49.0 100
E 2 50 5 5.6 89
F 2 30 T 5.9 119
G e Lo 17 20.5 83
H 3 00 13 10.2 128
J 3 ® 5 1.1 T
Average 3 36 15.% 99.2

Only one experiment was left longer than 3 hours 20 minutes in

this stage. Experiment B was left for 9 hours 50 minutes to see if

larval movements were greater during a much longer period of time. More

larvee moved up the strip in Experiment B than in any of the other

experiments except D. The increased number moving up the strip in

Experiment B was only 28.8% of the total number of larvae at the start,

even allowing them 9 hours 50 minutes to do it. The large percentage



moving up in Experiment D can perhaps be explained by the fact that
the larvae in this experiment had been kept in the laboratory for 6
days previous to the experiment. The larvae used in all other exper-
iments were only kept one day in the laboratory before use. The
numbex of larvae moving up the plastic strip are lower than the numbers

originally there before crowding took place (see Table 7).

TABLE

The number of larvae orlginally on the upstream
half of the plastic strip and the number moving up to it again

4'Experiment No. of larvae No. before

moving up crowding
A p) 55
B 25 42
c 13 148
D 49 5k
E 5 k9
¥ i 96
G 17 63
H 13 85
J p) o7

Only in Experiment D, presumably for the reason given above, did the
nunber of larvae returning approach that of the number originally

resident there.
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Table 8 shows the number of larvae in the second part of each
experiment that sbandoned the plastic strip rather than moving up it or
remaining on the lower helf. These numbers are generslly quite low -
only in Experiment C did an appreciable number of larvae abandon the

strip, and these are only 23.3% of the total larvee on the strip.

TABLE 8

Humbers of larvae dropping off when not crowded

Time to No. % No. availsble
' Experiment leeve abandoning abandoning to abandon
Hr. Min. _ strip strip strip
A 3 00 10 13.5 T4
B 9 50 5 545 89
c 3 a0 33 23.3 1
D 2 05 1k 14.0 100
E 2 50 7 7.9 89
F 2 30 b 3.k 119
G 2 Lo 3 3.6 83
H 3 00 3 2.3 128
3 3 ® 21 Lk 0
Average 3 36 8.8 99.2

Three experiments were conducted in which S. ornatum larvee were
crowded up the plastic strip and later given the opportunity to move

down it again. The results of the crowding portion of the experiment
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are given in Table 9. They show that some degree of crowding took

place.
TABLE 9
Experiments in crowding S. ornatum larvee in an
upstream direction
Time crowded No. on No. on
Experiment Br. Min. 2 s8q. cm. 1 sq. enm. % crowded
1 1 00 62 . Lo 129.0
2 1 20 b7 h2 178.7
3 3 25 79 52 131.6

Table 10 gives the numbers of larvae sbendoning the plastic
strip during crowding. The percenteges of larvae abandoning the plastic
strip during crowding in an upstreem direction do not differ markedly
from those obtained in the experiments where larvae were crowded in a

downstream direction.

TABLE 10

Number of larvae sbandoning the plastic strip
during crowding in an upstreem direction

Time crowded KNo. No. at
Experiment Hr. Min. abandoning start % sbandoning
1 1l 00 22 - 62 35.5
2 1 20 5 W7 10.6

3 3 25 27 T° 34.2
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Table 11 gives the number of larvae which either recolonised
the part of the plastic which was returned to the water after crowding

or ebandoned the plastic strip entirely.

TABLE 11

Number of larvae changing positions after the area
of the plastic strip downstresm was returned to the water

Time No. of larvae No. of larvae No. available
Experiment observed moving down abandoning to move
Hr. Min. strip or abandon
1 13 05 3 1 4o
2 T 00 1 1 42

3 6 55 o 3 52

Very few larvae moved downstream on the plastic strip during
these experiments as opposed to larvee moving upstream in Experiments
A to J, especially considering that much more time was allowed in
Experiments 1 to 3. Also, very few larvae in Experiments 1 to 3

abandoned the plastic strip as compared with Experiments A to J.

f£) Discussion of the Laboratory Experiments

The most significant result of these experiments is the fact
that densities of black-fly larvae much higher than those found in the
field experiments were obtained. Such results must further reinforce
the thesis that black-fly larvae do not show much tendency to disperse

from a substrate on which they occur at a high density.




It should also be noted that S. ornatum larvee will move
away from an area vhere they are being buffeted (ie. the water flow
is turbulent) to an area where the flow of water is more leminar.

This observation agrees with Maitland and Penney (1967).

During crowding both in upstream and downstreem directions,
numbers of larvae abandoned the plastic strip (see Tables 5 and 10).
It is not clear whether these larvae abandoned the strip in preference
to being crowded more closely together with other larvae or whether
they simply lost their secure hold on the substrate and vere swept
downstream. Whatever the reason, the effect of the redaction of heb-
itat space resulted in the majority of larvae preferring to be crowded
more closely together while a minority ebandoned that substrate.

The numbers of larvae moving upstream after having been
crowded downstream (Experiments A-J) were low in all experiments except
one (see Table 7). However, the numbers of larvae moving downstreem
after having been crowded upstream (Experiments 1-3) were lower still
(see Table 11). There is a suggestion here that S. ornatum larvae,
vhen they move under their own volition, prefer to move against the
current rather than away from it. They were, however, quite capable
of moving either upstream or downstream as shown by their responses to
crowding in both directions.

Black-fly larvae, while amenable to forced movement and to

a great degree of crowding, do not appear to exist in nature at enything

like the possible densities at which they can be forced to exist in the

laboratory. At the densities found in the fileld samples taken from

37
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Allerton Beck and the North Madawaska River, interaction between
individual larvse would be much less than in the far more crowded lab-
oratory experiments. It is likely that at the densitles which larvae
are found in nature movement of larvae from an area of high larval
density to an area of lower larval density would not be caused by
population pressure.

Further, it is possible that crowding of larvae, resulting
in a petchy distribution when large areass of a stresm are concerned,

is not an unusual or detrimental phenomenon.

- -
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3. THE MEANS AND MECHANISM OF FOOD COLLECTION

a) The fine structure of the rays of the primary fan

The arrangement and general morphology of the various mouth-
parts of black-fly larvae have been discussed quite thoroughly by
several authors (Puri 1925, 1926; Grenier 1949; Davies 1965; Chance
1970). Davies (1966) has shown the taxonomic significance of the
variations in the morphology of the mandible tip. Purl (1926), Grenier
(1949) and Chance (1970) have noted variations in the morphology of
the rays of the cephalic fans.

Chance (1970) stated that the primary fan was the chief food
collecting organ. Her observations of the trichiation of the rays of
the primary fans suggested that there were specific differences dbut
that these had no effect on the varying rates of ingestion of food by
various species.

Since the exact fine structure of a primary fay is difficult
to determine under the light microscope due to the fact that the spacing
of microtrichia on a ray is often in the 1 micron range, the rays of
the primary fan of twenty British species, three Cansdian species, one
species from materiel collected in Norway and one species (Crozetia
crozetense) collected by Dr. L. Davies in the Crozet Islands were exem-
ined and photographed using the scanning electron microscope. The
British species studied were as follovs:

Genus Prosimulium Roubaud
Prosimulium hirtipes (Fries)

Prosimulium inflatum Davies
Prosimulium arvernense Grenier




Genus Simulium Latreille

Simulium ornatum Meigen

Simulium nitidifrons Edwards
Simulium spinosum Doby and Deblock
Simulium monticola Friedrichs
Simulium variegatum Meigen
Simulium reptans (Linnaeus)
Simulium tuberosum (Lundstroem)
Simulium argyreatum Meigen
Simulium erythrocephalum Degeer
Simulium latipes Meigen

Simulium brevicaule Dorier and Grenier
Simulium armoricanum Doby and David
Simulium costatum Friedrichs
Simulium angustitarse Lundstroem
Simulium equinum (Linnaeus)
Simulium salopiense Edwards
Simulium subexcisum Edwards

The following other species were examined:

Prosimulium (Helodon) ferrugineum (Wahlberg)
Simulium venustum Say

Simulium rugglesi Nicholson and Mickel
Simulium longistylatum Shewell

Crozetia crozetense (Womersley)

The actual measurements, as determined from the photographs
of the various parts of the ray of each species studied, are given in
Table 12. The photographs are presented in the actual size as displayed
on the cathrode ray tube of the scanning electron microscope. Magnif-
jcations are given in the captions to each photograph. In the following
text the photographs of each species studied will be described. These
descriptions are intended only to supplement the photogrephs and draw
attention to the outstanding features of each specimen.

In the tables ,. tip length refers to the length of the tip
of a ray from the start of the microtrichia to the tip of the ray. The
thickness of & ray is the depth in the plane of the microtrichia. The
thickness of the primery end secondary microtrichia was measured at their

bases as was the spacing between the secondary microtrichia.
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TABLE 12

The dimensionsg of the microtrichia on the rays of the

cephelic fans of 24 species of bleck-fly larvae

Length of Thickness Spacing of
Tip Ray primary of primary primary
Species length thickness micro- miero- micro-

. (p) (p) trichia trichia trichia
, (p) (r) (n)
P. ferrugineum 116 6-17 11-16 1-2 7
P. hirtipes 34 3-9 13-15 1 13
P. inflatum 6l 5-9 6-8 1 18
P. arvernense 46 2-15 13 1 19
S. ornetum 28 14 13-15 0.5 9
S. nitidifrons 17 1-6 7-8 0.5 11
§. spinosum 13 1 8-9 0.5 8
S. variegatum T 2-10 T-11 1 8
5. monticola 9 1-7 9-10 1 11
S. reptens 11 1-7 5-6 0.5 13

S. tuberosum 10 1-3 8-9 0.8 13-1k
S. equinum 11 1-2 6-8 0.5 8

S. salopiense 16 1-5 6-7 0.5 13-17
S. erythroce- 18 1-3 546 0.3 46

phalum

S. argyreatun 17 1-17 10-11 0.5 9-11
S. subexcisum 16 1-2 No change - -
S. angustitarse 14 1-3 6-7 0.3 9
S. latipes 10 1 7-9 0.3 8
S. brevicaule 14 2-3 6-10 0.6 8
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TABLE 12 (CONT'D.)
Length of Thickness Spacing of
Tip Ray primery of primaxy primary
Species length thickness micro- nicro- micro-
() (}x) trichis ¢richia trichia
(p) () (n)
S. armoricenun 15 12 8 0.9 6
S. costatum 9 1-3 T8 0.3
S. venustum 22 2-3 9-11 0.6 12
8. rugglest 10 1-3 2.5 0.3 5
S. longistyla- 25 2-6 31-33 0.8 20
tun :
Thickness of Hunber of Spacing of Length of
secondary gecondary secondary secondary
Species micro=- micro~ micro- micro-
trichia trichia trichia Yrichia
() (1) (n) ()
P. ferrugineum 1.2 3-5 0.3 11.12
P. hirtipes 0.7 8-9 0.1 8-10
P. inflatum 0.8 17 0.2 3-5
P. arvernense 0.8 11 0.2 79
‘%o Omt\m 003 9'11 0-1 6.7
5. nitidifrons 0.3 2ha25 0.1 3=5
S. spinoaun 0.3 2-12 0.2 1-5
8. veriegatum 0.5 811 0.2 48
S. monticola 0.5-1 9«12 0.1l 2-8
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TABLE 12 (CONT'D.)
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Thickness of Kunber of Specing of Longth of

gecondary gecondary secondary secondary

Species aicro« micro- micro« micro-

trichia trichia trichia trichia
(n) (») (p) (p)
S. reptans 0.k 15-18 0.1 3-5
S. tuberosum 0.3 12-16 0.2 3-6
8. equinim 0.3 10-11 - 0.1 3-7
8. salopiense 0.3 3243 - £0.1 bag

| s. ;m%;foce- 0.2 13-21 <0.1 b

g. argyreatun 0.3 7-16 0.1 24
S. subéxcisum 0.2 - 0.1 5«6
8. angustitarse 0.2 1516 0.1 3<5
S. latipes 0.2 13-14 <o0.1 36
8. brevicaule 0.4 9 0.1<0.2 1-8
S. amoricanum 0.5 8 0.1 1-5
S. costatum 0.3 8:10 0.1 4e5
S. venustum 0.4 8-12 0.2 LaT
S. rugglesi 0.2 9 0.1 3+l
8. longistyla- 0.6 13-19 0.1 5«15

lE




44

Primary microtrichia are considered as the long and strong
setae which occur at intervals along & ray. Crosskey (1960) called
these socketed macrotrichia. Secondary microtrichia are defined as
those finer and shorter setae which occur in varying numbers between
the primary microtrichia. These were thought to be microtrichia by
Crosekey (1960). However, no evidence of the sccketed macrotrichia
was found on the rays of the species studied and all the setse
depicted here are considered to be microtrichia.

When held extended, the primary fan of a larva appears in
the form depicted in Fig. 9. The orientation of the rays with their
tips pointed posteriorly can be clearly seen. In a higher magnification
of the same primary rays (Fig. 10) the orientation of the rays around
their basal stalk end their general shape (approaching that of a farmer's
scythe) is aspparent. The microtrichia can be seen on the interior
margin of each flattened curved ray.

In the following, photomicrographs and descriptive text
outline the variations from spgcies to species of the fan rays and

their microtrichia.

b) Observations on individual species under the scanning electron
microscope

1. Prosimulium (Helodon) ferrugineum (Wehlberg)

Figures 11-14
This species has the heaviest and thickest ray of any species
examined. It veries in thickness from 6 microns at the base of the

tip to 17 microns &t the middle of its length. The surface of the ray
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shows definite striations. The microtrichia show only a very slight
cyclic pattern (3 to 5 in number) of varying lengths. They are at
least one micron in dismeter and 11 microns in length. None of the
microtrichia appear to be socketed. All the microtrichia are quite

stout and the spacings between them 0.3 microns.

2. Prosimulium hirtipes (Fries)

Figures 15-18
The structure of the ray of a P. hirtipes larva is somevhat
finer than that of P. ferrugineum. The tip length is much shorter at
34 microns while the ray thiclmess is 3-7 microns. The microtrichie
are nearly as long as those of P. ferrugineum but occur in a cyeclic
pattern of 8-9 secondary microtrichia. The spacing of the microtrichia

is .1 microns.

3. Prosimulium inflatum Davies

Figures 19-21
The ray of this species appears intermediate between that of
P. ferrugineum and 't';ha.t of P. hirtipes. The ray is nearly as thick at
the tip es in P. ferrugineum but towards the base is only as thick as
P. hirtipes. The lengtk of the tip is midway between the two other
species. The microtrichia are much shorter (3 microns to 8 microns) and
the secondary microtrichia occur in a cyclic pattern of 17. The spacing

of the secondary microtrichie is intermediate to P. ferrugineum and

P. hirtipes.




4, Prosimulium arvernense Grenier

Figures 22-2k
P. arvernense, the third of the three British species in
the genus Prosimulium, has a rather slender ray and rather long second-
ary microtrichia in a cyclic pattern of 11. The spacing of the second-

ary microtrichia ies similar to that of P. inflatum while the microtrichia

approach those of P. hirtipes in length.

5. Simulium ornatum Meigen

Pigures 25-27
S. ornatum, one of the commonest species in Britain, has a
fine ray (1-4 microns) in depth, sumountéd by long slender microtrichia.
The primary microtrichie are double the length of the secondary micro-
trichia. The latter show only a small variation in length and are in a
cyclic group of 9 to 1l. They are spaced only 0.l microns apart. The
tip of the ray is slender and twice the length of the primary micro-

trichisa.

6. Simulium nitidifrons Edwards

Figures 28-30
This species has a somewhat thicker ray (1-6 microns) than
thet of S. ornatum. The tip of the ray is also shorter (17 microns).
The primary microtrichia are half as long as those of S. ornatum but
the secondary microtrichia are proportionately longer and occur in a
cyclic pattern of 24 to 25. The spacing of the secor_xdary microtrichia

1s the same (0.1 microns) as for S. ornatum.
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T. Simulium spinosun Doby and Deblock

Figures 31 and 32
This species has a ray of similar depth to S. ornatum. The

tip of the ray is shorter than both S. ornatum and S. nitidifrons.
The primary microtrichiae are similar in dimensions to S. nitidifrons
although more closely spaced. What sets this species apart from
S. ornatun and S. nitidifrons is the regular variation in length of
the secondafy microtrichia (1-5 microns). These are arranged in a
cyclic group of 9 to 12 microtrichia and vary in length in & manner
resembling an ascending scele of organ pipes. The spacing between
the secondary microtrichia is much coarser (0.2 microns) than the other

two specles.

8. simulium veriegatum Meigen

Figures 33-36
The rays of this species are notable for the shortness of
their tip. The ray is somewhat deeper than S. ornatum and the primary
microtrichia are thicker. An "organ-pipe" cyclic arrangement occurs
as with S. spinosum, but the number of secondary microtrichia per cycle

is 8-11. The spacing of the secondary microtrichia is 0.2 microns.

9. Simulium monticola Friederichs

Figures 37-39
This species has rays very similar to those of S. variegatum.

The "organ-pipe” cycle of the secondary microtrichia is similar but
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9 to 12 microtrichia in number. On the whole, the microtrichia are

slightly shorter and broader in dismeter than is the case with S.

variegatum.

10. Simulium reptans (Linnaeus)

Figures 4O-41
This species has a delicately tapered ray with a short tip
only slightly longer than that of S. monticola. The cyclic arrangement
of the secondary microtrichia resembles those of S. ornatum and S.
nitidifrons but numbers 15 to 18 microtrichia. Their spacing is 0.1
microns. The primary microtrichia are only 5-6 microns long. There is

very little "organ-pipe" variation in the lengths of the secondary

microtrichia.

11. Simulium tuberosum (Lundstroem)

Figures 42-4k4
The ray of S. tuberosum resembles that of S. reptans with
the exception of the longer end thicker primery microtrichie and the
generally smaller number of secondary microtrichia (12-16) in a cycle.
There is also & more promounced "orgen-pipe" veriation in the secondary

microtrichia similar to S. monticola and S. veriegatum.

12. Simulium equinum (Linnseus)

Flgures 45 and 46
This species has & thin and shallow ray (l-2 microns) with
a short tip (11 microns). The secondary microtrichia show an "organe
pipe" variation with a cycle of 10 or 11. The spacing between secondary

microtrichie is quite small at 0.1 micronms.
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13. Simulium salopiense Edwards

Figures 47-49
This species has an even finer ray than S. equinum (1-5
microns). There is a little variation in the lengths of the secondary
microtrichia end they are arranged in a cycle of 32 to 43. The spacing

of the secondary microtrichia is very small (less than 0.1 microns).

14, Simulium erythrocephalum DeGeer

Flgures 50-52
This species has a very slender ray (1-3 microms) with very
delicate microtrichia. The tip of the ray is 18 microns long. The
secondary microtrichia are nearly as long as the primery microtrichia.
The cyclic arrangement of secondary microtrichia numbers 13-21. Their

spacing is very fine (less than 0.1 microms).

15. Simulium argyreatun Meigen

Figures 53 and 54
This species has e thin ray with long and stout primary micro-
trichia. Contrasting this are the much shorter and thinner secondary
microtrichia. The arrangement of the microtrichia in this species has
some resemblance to those of S. ornatum. The secondary microtrichia

have a spacing of 0.1 microns and a cyclic arrangement of 15-16.

16. Simulium subexcisum Edwards

Figures 55-57
In this species we find a very delicate ray form without

primary microtrichia. All the microtrichia appear to be nearly the




same length (5-6 microns) and a spacing of 0.1 microns. The tip of

the ray is 16 microns long and diverges from the end of the ray at a

large angle.

17. Simulium engustitarse (Lundstroem)

Figures 58-61

The ray of S. angustitarse is only slightly less delicate

than that of S. subexcisum and has a tip 14 microns long. The second-
ary microtrichia show a definite '"organipipe" arrangement numbering
'15-16 microtrichia. Their spacing is 0.1 microns.

Two views of the broken end of a ray demonstrate that it
appears to be & hollow structure somewhat rectangular in cross-

section.

18. Simulium latipes (Meigen)

Figures 62-64
S. letipes has a very slender ray caxrying slender micro-
trichia; the secondary microtrichia are in a cycle of 13-1k. These
secondary microtrichia show an "organ-pipe" variation in their lengths
and are spaced at intervals of less than 0.1 microné. The tip of the

ray is 10.0 microns long and quite slender.

19. Simulium dbrevicaule Dorier and Grenier

Figures 65 and 66
S. brevicaule has a much stouter ray than S. latipes and a

slightly longer tip (14 microns). The microtrichia are much thicker

and slightly longer. The "organ-pipe" variation in the secondary
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microtrichia is quite pronounced and the cyclic variation is 9. Their

spacing is larger (.1-.2 microns) then in S. latipes.

20. Simulium armoricanum Doby and David

Figures 67 and 68
This species has a ray which in thickness is intermediate
between S. latipes and S. brevicaule. The tip is longer (15 microns)
than that of S. brevicaule. A very pronounced "organ-pipe" variation
of the secondary microtrichia 1is an outstanding feature. The spacing

of these microtrichis 1s 0.1 microns.

21. Simulium costatum Friederichs

Figures 69 and TO
S. costatum has a very short tip to its ray. (The rtip: on
the photographed specimen is curved because of electron beam pressure. )
The ray itself is slender and the microtrichia arranged in a similar
form to the three previous species but without a highly pronounced

"orgen-pipe" variation.

22. Simulium venustum Say

Figures Tl and T2
This species, from North America, has a ray of average thick-
ness and a tip 22 microns in length.\ The secondary microtrichia are
arranged in cycles of 8 to 12 and show some degree of "organ-pipe"

variation. The spacing of the secondary microtrichia is 0.2 microns.

51




d2

23. Simulium E\ngleai Nicholson and Mickel

Figures 73 and T4

This species has a very fine ray with a short (10 microns)
tip. The microtrichia are all quite short. The secondary microtrichia
are in cycles of 9 and show only a slight "organ-pipe” variation, and
are spaced 0.1 microns from one another.

Two of the photographs of 8. rugglesi are of general views
of the rays of the primary cephalic fan dembnstrating the curvature

of the rays and the way they fit together when closed.

24. Simulium longistylatum Shewell

Figures T5-T7
This species has a tip to the ray 25 microns in length. The
chief peculiarity of the ray is the long length of the microtrichis,
especially the primary microtrichia. The secondary microtrichia, in
cycles or groups of 13 to 19, show a very marked "organ-pipe” variation

in length from 5 to 15 microns.

25. Crozetia crozetense (Womersley)

Figures T8 and 79

C. crozetense has fan rays of a very short and peculiar form

which resemble to some degree toothbrushes with a single row of bristles.

c¢) Discussion of scanning electron microscope results

While the primary rays of the above species have a basically

similer structure (a sclerotized curved ray, rectangular in cross-section
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and carrying a single row of microtrichia), they vary considersbly in
detailed structure. In all but one species studied the primary fan
is used to filter food particles from flowing water. The one exception,

Crozetia crogzetense, apparently does not filter feed but used its short

primary rays as rakes to browse on the substratum of the stream (Dumbleton
1962, Davies 1965). This unusual structure of the cephalic fans to-
gether with the larvel lsbrum, has led Davies (L965)to propose that

Crozetia crozetense is primitive with respect to these structures and

that the cephalic fan of this species represents an early stage in the
evolution of cephalic fans which are now used as filtering orgens by
later Simuliidae. In connection with this view, it is interesting to
note the similarity of the peg-like microtrichia of the rays of P.

ferruginéuxn to those of Crozetia crozetense. P. ferrugineum is placed

in the genus Helodon by Rubtzov (1959) and is considered a relict genus
by him and Carlsson (1962).

If we accept the view that the filtering foxms of cephalie
fans evolved from reking brushes or combs similar to those of Crozetias
erozetense, we can then postulate that the wide variety of patterns of
miérotrichia on filtering cephalic fens have arisen as modificetions
of a simple row of peg-like microtrichia. Three basic patterns can be
seen in the filtering species studied. The first hes primary micro-
trichia at intervals between which are a number of secondary microtrichia

which are of more or less the same length (eg. P. hirtipes, S. ornatum,

S. nitidifrons, S. angustitarse, S. salopiense, S. reptens and S.

erythrocephalum). The second has microtrichia vhich are all apparently
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the seme size (eg. S. subexcisum). The third form has primary micro-
trichia at intervals along a ray with secondary microtrichia which
vary in length in a fashion similar to organ pipes. They increase in
length in a regular series towards the tip of a ray (eg. S. dbrevicaule,

S. armoricenum, S. venustum, and S. longistylatum).

This wide variety of forms, even falling into three general
patterns as they do, suggesis that filter-feeding black-fly larvae may
be a complex matter. Rubtzov (1959) claimed that the microtrichia on
the primary rays of larvae of anautogenous species are spaced 10 to 20
.microns apart while on autogenous species they are 1 micron aspart.

The wide range of patterns of microtrichia suggest that Rubtzov's view
is an oversimplification. The various modified rays are more likely
to be morphological evidence of adaptation to a particular enviromment.

It is unlikely that the rays of the cephalic fans are adapted
to feeding on a particular segment of the microseston of a stream as
Anderson and Dicke (1960) found Wisconsin species unasble to feed
selectively. It is more probable that the various patterns of micro-
trichia on the rays of the primary fans of black-fly larvee are an
adaptation to food gathering in various rates of water current for which
many species have been found to have preferences (see introductory

section on Current and black-fly larvae). It is difficult to explain

how these different patterns of microtrichia would affect food intake.
The following section reports a study of the feeding action of a live

larva.




Fig. 9. Cephalic fan of S. rugglesi
X 190

Fig. 10. Rays of the primaxry fan of 8. rugglesi.
X 950






Fig. 11. Side view of a ray of P. ferrugineum.
X 2,000

Fig. 12. Tips of the rays of P. ferrugineum.
X 470






Fig. 13.

Fig. 14.

View of the interior edge of a ray of P. ferrugineum.
X 4,700

Side view of the ray of P. ferrugineum.
X 2,000






Fig. 15. The tip of & ray of P. hirtipes.
X 2,000

Fig. 16. Side view of a ray of P. hirtipes.
X 2,000






Pig. 17.

Fig. 18.

Side view of a ray of P. hirtipes.
X 5,000

Side view near the base of a ray of P, hirtipesg.
X 5,000






Fig. 19. Tips of the rays of P. inflatum.
X 500

Flg. 20. Side view of a ray of P. inflatum.
X 2,000







Fig. 21.

Flg. 22.

Side viev of & ray of P. inflatum.
X 5,000

Tip of a ray of P. arvernense.
X 1,050







Fig. 23. ©Side view of & ray of P. arvernense.
X 2,100

Pig. 24. Side view of & ray of P. arvernense near its base.
X 2,100







Fig. 25. Tip of & vay of S. ornetum.
X 2,000

Fig. 26. Side viev of a ray of S. ornatum.
X 2,000







Fig. 27. 6ide view of a ray of S. ornatum.
X 5,000

Fig. 28. Tip of a ray of S. nitidifrons.
X 2,000







Fig. 29. Side viev of a ray of 8. nitidifrons.
X 2,000

Fig. 30. Side view of a ray of S. nitidifrons.
X 5,000






Fig. 31. Tip of a ray of S. spinosum.
X 2,000

1
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Fig. 32. Side view of & ray of S. spinosum.
X 2,000






Fig. 33. Tip of & ray of S. variegatum (tip slightly defoxmed by

the beem of the microscope).
X 2,000

Fig. 3%. A number of reys of S. veriegetum in side view.
X 210






ig. 35. Side vievw of a ray of 3. variegatium.
X 5,000

Fig. 36. Side viev of a portion of & ray of S. variegetum showing

¢he spacing of the microtrichia.
X 20,000







Fig. 37. Tip of & ray of S. monticola.
X 2,200

Fig. 38. Side viev of a ray of S. monticola.
X 2,200







Fig. 39. Side view of & ray of S. monticola.
X 5,500

Fig. 0. Tip of & ray of S. reptans.
X 2,080






Fig. 41. sSide viev of a ray of S. reptans.
X 5,200

Fig. k2. T4p of a ray of S. tuberosum.
' X 1,980







Fig. 43. side vievw of & ray of S. tuberosum.
X 1,950

Fig. 4. Side view of & ray of S. tuberosum.
X 4,900






Fig. 45.

Fig. 46,

Tip of a ray of S. equinum.
X 5,400

Side view of a ray of S. equinum.
X 5,500







Fig. 47. Tip of a ray of S. salopiense.
X 2,200

Fig. 48. Side view of a ray of S. salopiense.
X 2,200






Fig. 49. Side viev of a ray of S. salopiense.
X 5,500

Fig. 50. Tip of a ray of S. erythrocephalum.
X 2,200







Fig. 51. Side view of & ray of S. erythrocephalum.
X 5,500 |

Fig. 52. Side view of a ray of S. erythrocephalum.
X 11,000







Fig. 53. 7Tip of @ ray of S. argyreatum.
X 2,200

Fig. 5%. Side vievw of & ray of S. argyreatum.
X 5,500







Fig. 55. 7Tip of & ray of S. gubexcisum.
X 5,500

Pig. 56. Side viev of a ray of S. subexcisum.
X 5,500







Fig. 57. Side view of & ray of S. subexcisum near the base.
X 5,500

Fig. 58. Tip of a ray of S. angustitarse.
X 5,000







Fig. 59. Side view of a ray of 5. angustitarse.
X 5,000

Fig. 60. View of the broken end of & ray of S. angustitarse.
X 11,000







Fig. 61. View of the end of a broken ray of S. angustitarse.
X 22,000

Fig. 62. Tip of a ray of S. latipes.
X 2,000







Fig. 63. View of the side of a ray of S. latipes near the tip.
X 4,750

Fig. 64. Side view of & ray of S. latipes.
X 5,250







Fig. 65. Tip of & ray of S. brevicaule (tip bent due to the force

of the electron beam).
X 2,000

Fig. 66. Side view of a ray of S. brevicaule. (The serrated edge

on the microtrichia is an artifact.)

X 5,000







Fig. 67. Tip of & ray of S. exmoricenum.
X 2,200

Fig. 68. Side viev of & ray of S. axmoricanum.
X 5,500







Fig. 69. Tip of a ray of S. costatum. (The tip has been bent by

the electron beem.)
X 5,000

Fig. T0. Side view of a ray of S. costatum near its base.
X 5,000







Mg. TL.

Fig. T2.

Tip of @ ray of S. venustum.
X 2,000

Side view of & ray of S. venustum.
X 5,000







Fig. 73. Tip of a ray of S. rugglesi.
X 5,000

Fig. Th. Side view of a ray of S. rugglesi.
X 5,000







Fig. 75. Tip of a ray of S. longistylatum.
X 1,000

Fig. T6. Side viev of & ray of S. longistylatum.
X 2,000







Fig. T7. Side viev of & ray of S. longistylatum.
X 5,000

Fig. T8. FPour rays of Crozetia crozetense.
X 2,000







Pig. T9.

Rays of Crozetia crozetense.
X 5,000







d) The actions of the cephalic fans and mouthparts of filter-feeding
black-fly larvee.

The major difficulty in studying the actions of the cephalic
fans and mouthparts is the problem of observing the very rapid action

of such extremely small structures. While the opening action of the

cephalic fens can be induced in preserved larvae by squeezing the thorax

with forceps (Wood 1963), the mandibles and maxillae do not respond to
changee in internal body pressure and remain motionless.

Observation of live larvae in a small trough of slowly flow-
ing water with the aid of a low powered stereoscopic microscope was
similarly fruitless. While the opening and closing motions of the
head fans could be seen, the motion of the mandigles and maxillee
occurred too rapidly for their coordination with the cephalic fan move-
ments to be observed. Even vhen smell particles of carmine were added
to the water the only certain observation wes that these particles were
trapped by the extended rays of the céphalic fans and then disappeared
from the rays when the fan was flicked (repidly closed and opened).

This rapid flicking action was considered by Fortner (1937)
to be the feeding action. Chence (1970) found that the frequency of
flicking was irreguler and did not vary either between late or early
ingtar larvae or between larvee with full or empty guts. The following

study was performed to obtain cephalic fan flicking rates.

1) Observations on larvae in flowing water

Two experiments to study hedad fan movements in Simulium

ornatum were conducted in the feeding apparatus (see Fig. 86).
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In the first, the larvae were kept at s temperature of
10.5°C. and the water velocity was 31.3 cm./sec. After being estab-
1ished for ten minutes, the number of head fan movements per minute
for two consecutive minutes wes recorded for five larvee. Then enough
yeast-carmine mixture was added to the water to give a stardard
concentration of .375 gu. yeast and .0375 gn. carmine per 6000 ml. of
water. After ten minutes to allow the larvae to become accustomed to
the changed conditions, the number of head fan movements per minute
for two minutes wes recorded for eight larvae. (Several more larvae
had moved within range of the microscope used to watch the fan move-
ments). The number of fan flicks per minute for larvae in distilled

vater and in distilled water with food are given in Teble 13.
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TABLE 13

93

Results of experiment showing the rate of head fan flicking of S.

atum larvae in the presence and absence of food at a temperature
et 10.50

0.59C. and a current velocity of 31.3 cm./sec.

Flicks in Flicks in

Larva No. 1st. minute 2nd. minute

1 30 29

2 21 T

No food 3 21 24

L4 5 10

5 23 26
Total 100 96
Meen of each min. 20 19.2
Overall mean 19.6 ¥ 8.58

1 33 3l

2 19 ik

3 25 33

With food L 43 43

5 20 23

6 30 23

T 43 35

8 21 25
Total 234 227
Mean of each min. 29.3 27.5
Overall mean 28.8 ¥ 8.718

It will be observed that the number of beats per minutecis

quite variable both in the absence and presence of food.

A second experiment was conducted where the rate of head fan
movements was recorded in both distilled water end in distilled water
wvith the standard yeast-carmine mixture at velocities of 31.3 cm./sec. »

Sk cm./sec. and 70 em./sec. The water temperature was 11.0°C. The

results of this experiment are presented in Tables 14 and 15.
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TABLE 1k

Rete of fan flicking of S. ornétum larvae in distilled water

_g-m
at e temperature of 10.5°C. and at three current velocities

Velocity Larva No. Flicks in Flicks in
om./sec. 1st. minute 2nd. minute
31.3 1l 13 11
2 20 Q@
3 9 11
'S 11 14
5 - 19 14
Total T2 T6
Ave. of each Min. ik.4 15.2
Overall Mean 1.8 ¥ 5.006
gk 1 36 22
2 1k 10
3 3 9
L) 3 2
5 15 6
Total T 49
Ave. of each Min. 1.2 9.8
Overall Meen 12.0 ¥ 10.0
70 1 15 15
2 30 25
3 1k 8
4 19 26
5 16 19
Total gk 93
Ave. of each Min. 18.8 18.6
Overall Mean 18.7 ¥ 6.26




TABLE 15

Rate of fan flicking of S. ornatum larvae in distilled water
containing yeast and carmine particles at a vater temperature

of 10.5°C. and at three current velocities

Velocity Laxrva No. Flicks in Flicks in
cm. /sec. 1st. minute 2nd. minute

31.3 1 12 2
2 5 T
3 3 0
L 3 T
p 3 6
Total 26 22

Ave. of each Min. 5.2 b4
Overall Mean 4.8 ¥ 3,209 .
54 1 11 13
2 2 3
3 36 35
L 22 25
5 11 19
Total 82 95

Ave. of each Min. 16.4 19.0
Overall Mean 17.7 £ 10.87
T0 1 45 31
: 2 16 18
3 20 14
4 1 20
5 25 11
Total 107 9k

Ave. of each Min. 21.k 18.8
Overall Mean ‘ 20.1 ¥ 11.26




It will be noted that the standard deviation from the mean
in these experiments was quite large. This suggests that there was
considersble individusl variation in the cephalic fan flicking rate.
Chance's (1970) contention that flicking rate is irregular was borne
out by these observations. This irregularity of flicking has led
Chence (1970) to propose that food particles are scraped from the
closed cephalic fens by the mendibles when the fans are closed for
extended periods of time. »

If food transfer from the cephalic fans to the mandibles
occurs as Chance (1970) has proposed there is then no explanation for
the flicking action. In the views of Fortner (1937) and Grenier (1949)
the flicking of the cephalic fan is the feeding action. Chance (1970)
observed particles being moved by the closing part of the flicking action
as did this author (see above).

In oxrder to analyse the exact motions of the cephalic fans

and mouthparts during the flicking action, high speed motion pictures

were taken of S. longistylatum larvee.

1i) Methods and materials for photographic observetions

S. longistylatum larvee (vhich vere chosen because of their

large size) were placed in a sheet glass trough 60 cm. long, 3 cm.
wide and 6 cm. deep and closed at one end. Tap water at 10°C. was
pumped in at the closed end of the trough at 50 em./sec. Larvee were
kept at 10°C. in tap water in a container provided with bubbling
compressed air until placed in the flowing water of the trough with

fine curved forceps.
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Larvae were photographed at 64 frames/sec. with a camera
equipped with en sutomatic exposure meter and extension tubes between
the lens and cemera. Two 500 watt floodlights, each a distance of
1 metre from the observation trough, were used. Due to the intense
heet from the lamps, exposures were limited to 10 to 15 seconds running

time.

111) Results of photographic analysis

Analysis of the films of S. longistylatum larvae a single

frame at a time under ten power magnification revesled that the cephalic
fans were found in three characteristic positions or states. These were:
1. Cephalic fans closed and retracted.
2. Cephalic fans opened or extended fully.
3. Cephalic fans engaged in a flicking action.

Calculating from the‘number of motion picture frames per
gecond (in this case 64), it was possible to calculate the time required
 for ections of the cephelic fans and mandibdles. The following descript-
ions of mouthpart movements during each of the three characteristic

positions are composite observations of a number of larvae.

1. Cephalic fans fully closed and retracted.

In this position the rays of the cephalic fans were brought
together so that each fan appeared as a single scythe-like "blade".
This blede was held so that the congregated tips of the rays vere inserted
into the mouih and the fan stalks and the bases of the rays appeared as

& pair of protuberances on the head. The congregated rays or "blades"
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were drawn tightly into the spaces between the lebrum and each mandible.
The mandibles moved elong & line of articulation between the fan stalks
and the hypostomium. The closed and retracted fans lay along these
lines and just medially to then.

Vhen the cephalic fans were in this position larvae were
either searching for & new position, their head weaving from side to
side with the mexillee extended, or were engaged in passing the mandibles
.over the convex cor outer surface of the "bledes" of fan rays. Silk
spinning was not observed but the extrusion of a smali blob of silk
as 8 hold fast for the looping method of locomotion was noticed. Larvae
pla.lced this blob of silk and then 'grasped it with the maxillee end
released their hold on the substrate with the enal disc. After moving
the anal disc to a new attachment site on the éme blob of silk, the
mexillae were withdrewn from the silk. This use of the mexillae for
locomotion may explain Chance's (1970) suggestion that the maxillae
do not assist in filtering or combing food but have a similar function
in all species including those without head fans. |

| The mendibles were, as noted above, occasionally passed to
end fro over the convex or outer surface of the congregated rays or
“"blades" of the cephalic fané. Chance (1970) considers this to be a
combing action to remove food particles from the rays. It seems unlikely
thet food particles would collect on the smooth convex surface of the

rays but much more likely that food particles would collect on the

‘microtrichia on concave surfeces of the rays. Brushing the "blades”

avey from the mouth would move any food particles away from it. Any
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other purpose for the to and fro brushing of the convex surface of the
retracted rays of the cephalic fens was not observed. However, if
this action is & food gathering ome, it goes on at very infrequent

intervals.

2. Cephalic fans fully extended.

In this position the ray of the primary fans were spread
out in an arc at either side of the head. Each arc varied from approx-
imately one half to three quarters of a complete ecircle; the plane of
the circle was roughly perpendicular to the direction of the current
flow. In the observation trough such an angle was difficult to deter-
mine exactly due to the effect of the side walls.

The mandibles opened and closed frequently while the fans
were held extended. The closing or opening action each required about
.04 gseconds. When closed, the mandibles met each other medially over
the mouth; when opened, each mandible was drawn ba.ck' close to the base
of the fan stalk. The mandibles appeared to always work simultaneously.
When closed, they appeared to be forcing food into the mouth. During
this motion the maxillae do not appear to make any discernible movement
(definition of them on the £ilm was not as good as for the mandibles).
However, the maxillery palps were noted to move quite rapidly in a

dorso-ventral direction.

3. Cephalic fans engaged in a flicking action.

Just before the start of a fan flick it was noted that both

mandibleswere held open in a position at the base of the cephalic fan




stalk. They were held quite s'éationary in this position for several
seconds, whereas if the fan was not %o be flicked when a mendible was
extended, then it was quickly closed again.

Cephalic fans were closed singly.although the mandibles moved
together._ A single fan was often flicked several times in succession
before the other fan was used.

A cephalic fan first began to close with a drawing together
of the rays. The rays at each end ¢f the fan closed with the rays |
at the centre of the .fan. When these rays were closed together to the
e\xtent that the fan appeared as a solid scythe-like "blade" the tips
of the rays were brought towards the mouth. The rays continued to be
drawn together as the inward motion of their tipé began. The rays
when closed together formed a curved trough-like blade due to the
placement of the bases of the rays around the fan stalk. The concave
surface of this trough contained the interior edge of the rays upon
which are found the microtrichia. About 0.05 of a second after closing
of the fan rays began the rays had completely closed into troughs and
their tips had reached the mouth. The fens remeined in this position
in which only the ¢ips of the fan rays touched the mouth until aebout
0.13 seconds after closing started. During this period the maxillae
were held close to the hypostomium and ventral to the mouth so that the
tips of the rays passed dorsally to them.

At about 0.11 seconds after closing started the mandible

began to move from its original position at the base of the fan stalk.
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It travelled in & ventral and medial direction along the line of the
inside of the trough formed by the closed rays of the cepbalic fan.
The cover bristles of the mandible appeared to brush the inside of this
trough. This movement of the mendible was very rapid; it took only
0.03 seconds. Just before the mandible closed, the tip of the fan
"plade” began to move away from the mouth. The mandible began to close
about 0.02 seconds before the tip of the fan blade begen to move away
from the mouth.

The opening of the cephalic fan required a much shorter
time then the closing action. (The opening action is performed by the
jnternal body pressure of the lexrve and is no doubt aided by the water
currents). The closing action of the cephalic fan required 0.05 seconds
while the opening ection tcok ebout 0.03 seconds. The entire flicking
action lasted sbout 0.15 sec. After the fan hed opened fully the mendibles
were noticed to open and close rapidly several times as if forcing food
particles into the mouth.

The cephalic fan was never fully retracted in this action;
the tips only of the rays were brought down to touch the mouth. This
holding of the rays in an elevated way alloved the cover bristles on
the mandible to reach the concave side of the "blade” of rays and scrape

them once in a closing movement.

iv) Discussion of photographic analysis

The deseribed coordinated action of the cephalic fans and

mandibles suggests very strongly that flicking is indeed the food-
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gathering action. Chance's (1970) proposal that retracted fans are

cleaned on their convex surfaces by the mendibles would appear now to

be incorrect. The cleaning of the concave surfaces of the fan rays with

their large numbers of microtrichia by a single mouthward sweep of a
mandible seems & much more logical feeding action. The microtrichia
of the rays of most species are very closely spaced (as we have seen)
and certainly are capable of retalning particles as amall as bacteria
(Fredeen 1960,1964).

The variations in the patterns of microtrichia were discussed
earlier in this section of the thesis. It was suggested there that
the various patterns of microtrichia on cephalic fan rays of different
species might have ecological significance.

\ If one particular pattei'n was moxre effective at reteining
particles as the cephalic fan closed than another pattern, then the
species with the first pattern would be at an advantage and would
eventuall& supplant the other species. While we heve species of black-
flies whose larvee are widely distributed we also find many species
vhosde larvae ha:fre more restrictéd habitats. Black-fly workers have
long known that particular types of stream are sultable for a partic-

ulayr gpecies.

If these pattexrns of microtrichia have any effect on
determining i;he habitat of larvee it is certainly through their action
on focod-gathering.

The very strong rays and microtrichia of the larva of P.

ferrugineun prompted @ study of the contents of the mid-guts of a
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number of larvee of this species.
The remainder of this thesis deals with the rate of focd-

gathering by larvee of several species.
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k. THE FOOD OF Prosimulium (Helodon) ferrugineum

During general collecting for black flies in Eestern Norway,

numbers of larvae of Prosimulium (Helodon) ferrugineum Whalb. were

 collected.  Puri (1926) noted that the rays of the cephalic fans of this
species were quite heavy in structure and had thickened spear-shaped

tips. This characteristic was most noticeable in scanning electron

micrographs.

8) Methods and iaterials

In order to determine if the unusual cephalic fan ray form
wes reflected in the dlet of P. ferrugineum, a number of lervae from
various collecting sites were dissected. The mid-gut of each larva
was removed, its contents gently teased apart and then mounted in
Euparal mountant on a standard 3" x 1" microscope slide. Slides were
exasmined under a compound microscope.

The animal contents of each gut were classified as far as
possible into Chironomid larvae, Simuliid larvae, water mites and
mayflies or stoneflies (i.e. legged insects). The classification
"insect tissue” includes remains not identifiably belonging to the
other classifications. Fifty-one P. ferrugineum larvae were selected
from six samples taken from five locations. Since it was possible
that other species of black-fly larvae from the same habitats were
feeding on other insects, Cnephia spp. larvee from semples number four

and six were examined also.




b) Results

The results, giving the numbers of animals ingested by
P. ferrugineum larvae are givenm in Table 16. The mid-gut contents
of each larva are given in Appendix II.

Sample 1, collected from the Renda River above Renﬁvangen
Motel (Map Reference 32VPP276430) was made on the 18 June, 1967. Ten
P. ferrugineun larvae were examined. Of these ten larvae, all ten
contained insect tissue - nine contained midge larvae, two contained
mites end one contained a black-fly larva.

Sample 2 was collected from the Flena River (Map Reference

32VPP177386) near its mouth on the 27 June, 1967. Of five P. ferrugineun

larvae examined, all five contained midge larvae, four contained
simuliid larvae (one Cnephia spp., one Gnus spp., two unidentifiable)
end two contained may-flies or stoneflies.

Semple 3 was collected from the Flena River (Map Reference
32VPP263303) near Flenbua, on the 27 June, 1967. Of ten P. ferrugineum
 larvee exemined, all ten contained insect tissue, six contained midge
larvae, ten contained simuliid larvae and one contained the remains of
either a mayfly or stonefly.

Sample 4 was collected from the same location as Semple 3 dut
on the 3 July, 1967. Of ten P. ferrugineum larvae exemined, all cone
tained insect tissue, seven contained midge larvae, eight contained
“midge larvee, eight contained simuliid larvee and one contained a mite.

Semple 5 was collected from the Flena River (Map Reference

32VPP286271) near Flendammen on the 18 July, 1967. Of six P. ferrugineum
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The number of

_ the number of arthropods found in their mid-guts

. fe

TABLE 16

neun larvae exsmined and
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Sample 1 2 3 L 6 Totals
P, ferrugineum
exemined 10 5 10 10 10 51
Chironomid
" Larvae 23 11 13 16 25 90
Simuliid
Larvae 1 L 15 15 3 43
Insect
Tissue 18 9 3 1k 10 57
Mites 2 0 0 1 "1 6
Ephemeropters
or Plecoptera 2 3 2 3 3 16




larvae examined, four contained insect tissue, two contained mités,
two contained midge laervae, two contained either mayflies or stone-
flies and three contained simuliid larvae.

Sample 6 was collected from a tfibutary of the Flena R.
called Bekkevodbekken at Map Reference 32VPP258309 on the 18 July,
1967. Of ten P. ferrugineum larvee exemined, ten contained insect
tissue, eight contained midge larvee, three contained simuliid larvae

i

‘and one contained a mite.

None of the ingested black-fly larvae were of the species
P. ferrugineun. The intestines of most of the P. ferrugineum larvae
examined also contained quantities of filamentous algae. In additionm,
Cnephia spp. larvae from sample 4 were examined and no insects of any
sort found. .Five Cnephia spp. larvae from Sample 6 were examined and
one small piece of otherwise unidentifisble insect cuticle was found.

Fifty-one P. ferrugineum larvae contained remains of 212

aquatic animals. This is en average of 4.2 animals per predator.

¢) Discussion

A number of other workers have noted the presence of insect
remains in the intestines of black-fly larvee (Puri, 1925; Badcock,
1949; Peterson and Devies, 1960; Serra-Tosio, 1967). These workers
referred to feeding on chironomid lervae or cannibalising of simuliid
larvae of the same species. Feeding of one species of simuliid lexvae
on enother does not appear to be a common occurrence. In the case of
P. ferrugineum, predation upon other species of simuliid is perhaps

more likely than cannibalism, as cited for S. venustum (Peterson and
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Davies, 1960), because of the larger size of P. ferrugineum larvae

in relation to the other species present in the stream (1.e. Cnephia
8pp., Gnus spp.), end the smaller intraspecific size range. In collect-
ions mede on 18 June, P. ferrugineum larvae were nearly full grown

and were thus much larger than the other species in the stream. In
view of Serra-Tosio's paper (1967) on predat-‘iOh on chironomid larvae

by £. inflatum, it is interesting to note the similaerities im structure
of the cephalic fen rays of P. inflatum to those of P. ferrugineum.
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5. LABORATORY AND FIELD EXPERIMENTS ON THE FEEDING OF VARIOUS SPECIES
OF BLACK~FLY LARVAE

a) Experiments in an enviromment of unknown current velocity

1) Introduction

After deciding to study food intake by black-fly larvae, the
first problem was to develop & technique which would allow the deter-
mination of feeding rates. Another problem was to develop apparatus
in which the envirommental verisbles affecting larvae could be controlled.
The first problem was solved by using powdered carmine as a tracer dye
in food consisting of a dilute suspension of yeast cells.

The second problem, that of suitable apparatus, was not
immediately tackled. A pilot apparatus in which the current speed of
the water past the larvae was not controlled was used. This simple and
inexpensive apparatus was used to test the yeast-carmine technique and
to gain a qualitative assessment of larval feeding. ‘The lessons
learned from this epperatus were of great assistance in the design and
operation of the trough apparatus used for the experimenis in section

(b) of this chapter.

1i1) Methods and Materials

The epparatus used comsisted of three 3 1/2" x 1 1/4" glass
tubes fixed upright in a culture dish (which served as a temperature
control bath). Each glass tube was fitted with an air hose so that
the contents could be kept agitated. Dilute mixtures of a yeast-carmine

mixture in the ratio 10 to 1 were placed in the tubes. A total volume




of 40 ml. wes maintained in each tube. The larvae were first estab-
lished in the tubes with distilled water only in the tubes. At the
start of the experiment the appropriate amount of a standard yeast-
carmine mixture (1 gn. yeast and .1 gm. carmine in 400 ml. distilled
water) was added to each tube to give the three concentrations as
outlined in Teble 17. This was the procedure in all experiments
except D where a single yeast-carmine mixture was used against an algsl

culture of unknown concentration.

TABLE 17

Yeast-Carmine Concentrations used for experiments in glass tubes

I - 6.9 x 107 gn./ml.
IT -3%.5 x 107 gn./ul.

IIT - 69.0 x 10~ gn./ml.

Five larvae were removed from each tube at 5 minute intervals
until 30 minutes had elapsed and then at 10 minute intervals. Each
experiment was concluded at the end of ione hour.

The larvae thus collected were dissected and the percentage
of the mid-gut which contained the food being fed was recorded. The
values obtained for each of the larvae in each sample were averaged
and plotted.

S. variegatum ‘larvae were used for all experiments except

Expériment 1, where S. spinosum larvae were used. Experiments L4, 5

4 4
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and 6 were conducted with mature S. variegatum larvee, some of which

may have been entering the prepups stage and therefore not feeding.

111) Results
Figure 80 shows the results of feeding each of three concen-

trations of the yeast-carmine mixture to S. spinosum larvae over a
period of 45 minutes at 12.5°C. There was considerable irregularity
in feeding at the highest level of food concentration. Such an
irregularity is probably due to the smell ssmple of larvae investigated
at each time interval.

Figure 81 shows a similar experiment carried out using S.
variegatun larvae and an experimental time of 60 minutes. Comparing
Experiments l_and 2, it would seem that 5. variegetum larvae obtain
more focd from a denser concentration of it.

The amount of food ingested does not appear to be directly
related to the concentration of the food, for the amount ingested in
a concentration of 69.0 x 107 gn./ml. was less than double that
ingested in a concentration of 6.9 x ].O'5 an. /ml., one-tenth that of

the former.

Figure 82 gives the results of Experiment 3 in which two
groups of S. veriegatum larvae were fed at 12.500. ow}er & period of
one hour, one on & yeast-camine suspension at 6.9 x 10”7 gn./ml. and
the other in distilled water containing 1 ml. of a culture of the

alga Chlorogloea fritschii Mitra. The concentration of this culture

was not known.
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The results show that the larvae took in considersbly more
from the algal culture then from the yeast-carmine suspension. The
amount of the algsl culture in the guts of the larvee was much more
difficult to essess than with the yeast-carmline mixture because of
the lack of & tracer colour. This experiment did show, however, that
both an alga and a yeast were acceptable food for black-fly larvae.

Experiments 4, 5 and 6 studied mature S. variegatun larvae
at the three concentrations of yeast-carmine suspension previously
used and at three different water temperatures - 8°C., 15°C. and 22°C.
The results are presented in Figures 83, 84 and 85. Feeding by the
larvae used in these experiments wes at a much lower level than in
Experiment 2. This can perhaps be explained by the fact that the
larvae in Experiments 4, 5 and 6 were nearly all in their last larval
instar and approaching the pre-pupal stage vhen feeding is known to
cease.

Feeding at the lowest concentration was very slight at 15
and 22°c. and non-existent at 8°%c. At the intermediate concentration,
food gathering appears to have been greater through most of the time
of the experiment (until the last sampling at 30 minutes) -at 15°c.
The values obteined at 30 minutes in all three experiments at this
concentration suggest that there is no difference. Obviously a larger
semple size would have changed these results.

At the high concentration of yeast (69.0 x 1072 gn./ml.)
more food was taken in at 22°C. than at 15°C. or 8°c. At the last

two temperatures feeding took place at approximately the same rate.
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iv) Discussion

There are several obvious feilings with the experiments in
this section, most of them due to the method employed. The current
velocity past the larvae was not cepable of béing measured. It was
quite likely that the current velocity varied from one part of each
chember to snother. The interruptior of the air flow to allow the
removal of & group of five larvee from each chember every few minutes
would surely upset the feeding patterns of the larvae. A sample of
five larvee was really insufficient when such apparent variebility in
feeding rate occurred. (The physiological state of the larvae was
undetermined). However, a sample of five wes taken because this had
been the maximum number of larvae which could be extracted from each
chamber in a period of one minute.

What positive things were learned from these experiments?
First, the rate of intake of artificial and naturel food suspensions
cccurred quite rapidly. The rates of ingestion bore some relationship
to the rate suggested by Neuman (1924%) for an unnemed species. No
comparison could be made with the rates of Sephadex bead ingestion
given by Chance (1970).

The rate of ingestion by S. variegatun larvee appears to be
affected by the concentration of food availeble (Experiment 2). This
result vas not obtained in Experiment 1 for S. spinosum larvee. It
must be considered possible that there is a variestion emongst species
in their feeding behaviour. The lower feeding rate of the later instar
S. vaeriegetum larvae suggests that differences in feeding rate may be

present in larvee of different instars.
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b) Experiments on food intake by black-fly larvae in an environment
of known current velocity

i) Introduction

The studies in the preceding section suggested that exper-
iments where more of the components of the envirorment were controlled
and where large numbers of larvee were used would yield useful results.
In view of the work by previous authors (Wu, 1931; Zabar, 1949; Grenier,
1949; Phillipson, 1956 and 1957) it was decided that one of the
variables which must be capable of precise variation would be current
speed. Coupled with controlled food density this would enable study
to be made of the importance of the relationship of current velocity

and food to black-fly larvae.

11) Methods and Materials

Larvee of four species, S. ornatum, S. variegatum, S. monticola

and S. reptans, were used in these experiments. S. ornatum larvae vere
collected from a stream near Sherburn Hill, County Durhem at map refe
erence NZ 333413. S. variegatum larvee were obtained from the Belah R.,
Westmorland at map reference NY 824118. The S. monticole larvae used
were collected from Swindale Beck, Westmorland at map reference NY 691283.
The S. reptens larvae were from a stream unnamed on the one inch to
the mile ordnance survey map, flowing into the River Tees. The collect-
ing site on this stream was at map reference NY 850308 near the bridge
carrying the road to Upper Teesdale.

Larvee from these sites were collected into jars 9.5 cm. in

diemeter and 8.0 cm. deep and sbout a quarter full of stream water
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containing & small amount of grass stems and bledes. It was found
that these gave the larvae pbsitions to attach to end reducedthe
tendency for large numbers of larvee to clump into a ball. (Such
an action resulted in high larvel mortality).
After transportatidn to the laboratory, larvee were kept
at 10°C. in & constant temperature room. An ai: stone connected to
an aqpﬁrium punp provided aeration and motion to the water. The Jars
were kept filled with water, tap water being used in addition to the
river water into which the larvae had been collected. The jars were
kept under illumination equal to noon on an overcast dull day in
Durhem. The day length was 12 hours. This light regimen was followed
for the experiments; only ore experiment was conducted in the dark.
Larvee were first used for experiments on the day following
collection from the field. Each series of experiments (e.g. Series
I, 1I, III etc.) denotes larvae from one collection. They were used
consecutively for three days only.

lLervae used in these experiments were most numerous at the

velocity ranges given in Teble 18.



TABLE 18

Location and current hsbitat of larvae used in Experiments
of Series I-VII

Species Map reference Velocity/range
cm./sec.
S. ornatum NZ 333413 Ll -62
S. variegatum NY 824118 62-99
8. monticola | NY 691283 4h-108(est.)
S. reptans NY 850308 5470

The food used in the experiments was a yeast-carmine
suspension. A stock solution was mede up by edding 1.000 gm. (air
dried weight) common general purpose yeast and .100 gn. powdered
esymine to 400 ml. distilled water. This mixture vas stirred and
left at 20°C. for 1 hour vhen it was then mixed thoroughly by stir-
ring and cooled at 10°C.

Four concentrations of yeast-carmine were used. The one
used for most experiments was .375 gn. yeast and .0375 gm. carmine
in 6,000 litres of water. This concentration, given the neme "N"
concentraetion, was obtaeined by adding 150 ml. of stock suspension
to 5.850 1. of distilled water in the apparatus. The other three

concentrations were .1875 gn. yeast and .01875 gm. carmine in 6.000
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litres of water ("1/2N"), .0938 gu. yeast and .00938 gm. carmine in
6.000 litres of water ("1/4N"), and .750 gm. yeast and .0750 gnm.
carmine in 6.000 litres of water ("2N").

One expériment was conducted without the addition of carmine
as a tracer. Exemination of the larvae was mede quite difficult by
the lack of colour but results were obtained.

The water used in the trough system was distilled water
held at 10°C. All experiments were conducted at this temperature.

The ertificial stream was constructed of transparent,
colourless plastic sheet, 3 mm. in thickness. A header box 10 cm.
by 10 cm..by 10 cm. led into two flat-bottomed trouéhs (called trough
A apd trough B) 60.0 cm. long by 3.0 cm. wide by 3.0 cm. deep (see
Fig. 86). These troughs and box were held in a wooden frame which
alloved the slope of the troughs to be varied.

The troughs emptied into a stainless steel tank, the vater
flowing off their lower lips and falling into the tank. This water-
fall provided aeration of the water. The water was pumped from the
tank by means of an "H-R Flow-Inducer" Type HRSR (Watson Marlow Ltd.)
to the header box at the upper end of the troughs. This pump operated
on the peristaltic principle by compressing 2.5 cm. (inside diemeter)
rubber.tubing between @ curved plate and three rotating rollers. This
type of punp is intended for use with a special polythene pipe which,
however, has a short working life expectency. It was found that red

rubber tube was more satisfactory from the point of view of working

1ife and cost.
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The following was carried out in the performance of each
experiment. Since the total volume of water circulating around the
system was 6.0 litres, a slightly smaller quantity of distilled water
wes placed in the tank. For en experiment where a weight of yeast
per litre of .0625 gn. and & weight of .00625 gnm. of carmine per litre
was used, 5.85 1itres of distilled water were placed in the tank
(addition of 150 ml. of the stock mixture referred to above would
bring the volume up to 6.00 litres and the weights of yeast and carmine
to the figures given gbove)., The pump was then started end the water
circulated for several minutes while the current velocity in the troughs
vas set at 40 cm./sec. by adjusting the slope of the troughs. Current
velocity was measured by means of & glass pitot tube (Crenier, 1949).
After the current velocity hsd been adjusted, the lower ends of the
troughs wvere coveréd with a piece of fine net from a nylon stocking,
held in place with a rubber band. Larvae of the particular species
being studied were then placed in each trough by means of fime forceps.
They were allowed to spin & silk thread and eventually to ettach them-
gselves to the bottom and side walls of the troughs. Care was taken to
ensure that the larvae in each trough of an experiment were as alike
in size as possible. The nylon mesh prevenied larvae from being lost
into the tank. When 40 to 50 larvae were estsblished in the mid-region
of each trough, the slope of the troughs was adjusted slowly to provide
the current velocity at which the experiment was to be conducted.

Care was taken not to cause larvae to release themselves due to abrupt



changes of current velocity. When the desired velocity was obtained,
the apparatus was left for five minutes. Then the nylon mesh screen-
ing at the lower end of the troughs was removed.

The actual experiment was then begun by edding the approp-
riate amount of stock mixture of yeast and carmine by pouring it slowly
into the header box within a period of one minute. Care was taken to
gee that the stock mixture was well dispersed into the distilled water
in the steel tank. The experiments were timed from the first intro-
duction of food into the system. The experimental period was two

hours for S. ornatum, S. variegetum and S. monticola and one hour for

S. reptans. At the end of the experimental period the larvae from
each trough were removed and preserved in 95% ethyl alcohol.

Larvae vere examined under a low power stereoscopic dissecting
microscope. The length of the larva, the width of its froms-clypeus
or cephalic spotome between the sutures and the percentage of the mid-
gut conteining yeast-carmine suspension was recorded. Thirty larvae
from each trough of each experiment were examined. Care was taken to
examine only larvae which appeared to be 1n & healthy, actively feed-
ing condition. The average percentage of the thirty mid-guts filled
wvith the yeast-carmine suspenslon was considered as the result for

each trough.

iii) Results
Nine experiments, each over a timed periocd of two hours,

were done using larvee of S. ornatum. The results of these experiments

sre given in Table 19.
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TABLE 19

The results of 9 experiments on food inteke by S. ornatum
lervee (Temp. 10°C.) (See Appendix III, Table III-1 for
values of Student's T between troughs)

Experi- Current Food con- Light  Average %

ment No. Trough velocity centration on or of mid-gut

cm./sec. off filled for

30 larvae
I-7 A 3l N On hl.2
B 31 N On hg.2
1-8 A 54 N On 78.0
B 54 N on 68.5
I-9 A 70 N on 43.5
B 70 N On 39.8
I-b A 70 N On 24.5
B 70 N On 28.0
1-5 A 9“‘ N On 900
B 9k )i} On 8.3
1-6 A 112 N on 12.5
B 112 N on 15.3
II-1 A 54 N On 81.3
B sh N On 4.9
II-2 A 5k 1/2 N On 54 .1
B 5 1/2 N On 53.9
I1-3 A L N off 91,0
B 5k N off 85.5

Fig. 87 presents Experiments I-4, 5, 6, 7, 8 and 9 as a graph

of mesn percentage food intake at various current velocities for two
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hours. Appendix III, Teble III-2 presents the Student's T values

and levels of significance between expei‘iments. The highest rate of
food intake occurred at a velocity of Sk cm./sec. Rete of food intake
at the higher velocities was significantly lower. No experiment

could be conducted at a water velocity higher than 112 cm./sec. because
larvae would not remein in the troughs in sufficient numbers sbove this
current speed.

Table 20 presents the data from Experiments II-1 and II-2
end shows the Student’s T values and levels of significant difference
between each trough result. A significantly lower mean percentage
-of food was taken in by larvae in the experiment where the food concen-

tration was "1/2N" than in the experiment vhere it was "N".

TABLE 20

The rate of intake of yeast and carmine by S. ornatum
larvee at 54% cm./sec., 10°C. and 2 food concentrations

Experiment Food % T value Significence
Conc. ‘
II-1A N 81.3 4.000 .01
II-2A 1/2N 5.1
II-1A N 81.3
1I-28 1/2N 53.9 3-7203 01
II-lB N 7“.9
II-2A 1/28 5k .1 5.6319 -01
I1-1B N ™9 52048 .01

I1-2B 1/2N 53.9
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Table 21 presents the data from Experiments II-1 and II-3
with Student's T values and levels of significant difference between
each trough result. Only in one of the four comparisons (II-1B against

II-3A was there a significant difference at the 1% level. Three of the

TABLE 21

The rate of intake of yeast and carmine food by S.
ornatum lervee under two conditions of illumination at
m———w~

100C. and 54 cm./sec. (Food "N")

(T for 1% level of significance = 2.5758,
N.S.= not significant)

Experiment Light % T value Significance
II-1A on 81.3 0.5805 N.S.
I-3A off 91.0
g:;f O gé:g 0.7047 N.S.
1134 ot g 3.0225 o1
T3 o B3 1.8187 5.8

comparisons suggest that there was no significent difference in the rate
of food intake under lighted conditions and in the total darkness of &

normal night period for the larvae under test.

Table 22 gives the results of Experiments IT-1 and II-4 with
Student's T values and levels of significant difference between each

trough result. In one "compe.rison there was no significant difference,



in one there was significance at the 2% level and in two there was

significance at the 1% level.

TABLE 22

The intake of yeast and yeast and carmine food by S.
ornatum larvae at 54 cm./sec. end 10°C.

Experiment Food Type % T value Significance
TroieA Jeash & camine 3 3.613 .01
Tk Joast & camine 23 1.6686 5.8,
TT-B feaoh fcamine D bou2 oL
II-1B Yeast & carmine ggg 25447 o

II-4B Yeast only

The results suggest that yeast alone was ingested more rapidly than vhen
in combination with carmine. However, all rates of intake were quite
high and the colour provided by the carmine mede detection of yeast in
the mid-guts of 'Ehe larvae a much easier task.

Seven experiments, each lasting two hours, were conducted
using S. variegatun larvae. The results are given in Tsble 23. All

these experiments were carried out with illumination.

13
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TABLE 23

The results of 7 experiments on food intake b
S. variegatum larvae (Temp. 109C.) (See Appendix III,
Table I11-3 for values of Student's T between troughs
of the same experiment)

Experi- Current Velocity Food Ave. % of
ment No. Trough cm./sec. Concentra- mid-gut
tion filled for
30 larvee
Iv-l A 54 N 0.2
B 54 N 0.33
IV-it A 80 N k9.2
B 80 N 48.6
V-2 A 108 N 40.0
B 108 N 39.7
Iv-3 A 140 N 21.46
B 140 N 21.27
V-1 A 80 N 50.7T3
B 80 N 48.0
V-2 A 80 1/2N 33.7
B 80 1/2N 32.8
V=3 A 80 2N 78.6
B 80 2N 82.26

Fig. 88 1s a graph of Experiments IV-1, 2, 3 end i showing the
mean percentage food inteke at velocities from Sk cm./sec. to 140 cm./sec.
The highest rate of food intake was at 80 cm./sec., although intake at

108 cm./sec. was also high. Appendix III, Table III-3 presents the
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Student's T values and levels of significance between experiments.

Table 24 shows the results of Experiments V-1, 2 and 3.

All these experiments were conducted under the seme conditions of

current velocity and light. They varied only in the concentration

of food avalleble.

TABLE 24

The intake of yeast end cammine food by S. yariegatum

Jarvae et three food concentrations. (Temp. 10°C. and

current velocity 90 cm./sec.) (T.0L = 2.5758, T.02 =
2.3263, T.05 = 1.9599)

Experi- Food Ave. % of mid- Level of
ment No. Concen= gut filled for T value significance
' tration 30 larvae
V1A N 50.73 2.5698 .02
V-2A 1/2n 33.7
V=-1A N 50.73
V-2B 1/28 32.8 2.6kh2 -0L
V-1B N 48.0
Voo 1/2N 33.7 2.1327 .05
V-1B N 48.0
V-2B 1/28 32.8 2.1327 -05
3:13?‘; | o ,578: B 4.1703 .01
V-lA N 50.73
V3B on B2.26 4.5260 .01
w4 B wm e
e S8 sse
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The differences between food intake at the "1/2N" and "N levels

are significantly different at the 5% level of confidence in two
comparisons, the 2% level in one comparison and the 1% level in one
comparison. The differences between food intake at the "N" end "2N"
levels are significently different at the 1% level of confidence for

all comparisons.

The results of six experiments done with S. monticola

larvae are given in Table 25. All these experiments were at the same

food concentration (N) end under the same illumination (11ght on).

TABLE 25

The results of 6 egggg;ments on food intske on S. monticola

Bret e ORI A
30 larvee
Vi-6 A 31 48.1
B 31 . 35.9
Vi-l A 54 » 36.6
B 5k 37.5
Vi-2 A 70 57.7
B 70 56.0
VI3 A 9k 37.6
B gk k2.8
VI-k A 108 34.5
B 108 35.6
Vi-5 A 140 21.1
B 140 15.5
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Appendix III gives the Student's T values and levels of confidence
between troughs of each experiment (Teble III-4) and between experi-
ments (Teble III-5).

Figure 89 presents the results of Teble 23 as & graph. There
18 no significant difference between the results of troughs A and B
of Experiment VI-6. There is a significant difference at the 1% level
of confidence between Experiments VI-1 and VI-2.

Due to & lack of available larvae, experiments were not
done on the reactions of 8. monticola larvae to various food concen-
trations.

The results of 9 experiments using S. rggta.ns larvae are
given in Teble 26. These experiments used a timed feeding period
of only one hour instead of the two hour period given to all other
species and were all carried out with illumination as given in the
Methods. Appendix III gives the Student's T values and levels between
troughs of each experiment (Table III-6) and between experiments
(Tsble III-T).

Figure 90 presents graphically the results of experiments
vII-l, 2, 3, 4, 6 and 8. The maximum intake of food during the one
hour period was at 54 cm./sec. current velocity. Food intake at

higher and lower velocities was at a much lower level than at 54 cm. /sec.

186
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TABLE 26

The results of 9 experiments on food intake by 3. repisuns larvae

Experi- Trough Current w}elocity Food con- Ave. % of mid-

ment No. cm./sec. centration  gut filled for
30 larvae
VII-3 A 31 N 8.87
B 31 N 10.3
VII-l A 5k N 66.9
B 54 N 6.k
VII-2 A 70 N 21.5
B 70 N 25.8
VII-4 A 88.5 N 19.5
B 88.5 N 14.5
VII-6 A 108.5 N 15.7
B 108.5 N 17.67
VII-8 A i 140 N 15.0
B 140 N k.4
VII-9 A 5l 1/2n 42.9
B 5k 1/2n 38.0
ViI-10 A 5k 2N 68.9
B 5 aN 55.4
ViI-12 A 54 1/4% 10.13
B 5 1/um 10.3



139

(N, u©OT3BIaUaOUOD> poog pue *D 0T -duwel)
S3T3J00T2A JUdLIND SNOTIBA 38 sBAIBT suwjdax *S Aq poo3 suTmWIEd pus 3589L JO SYBIUF IYL 06 “2Td
- 008 \ ‘wd uf LA3TOO0T2A JuUdIIND

ont  oft ozt ot oot o6 08 oL 09 05 on P

1 1 1 1

N.wlo._”

- 02
\ . / L 0€

oY

\ / . - JUTmIBO
\ / a8834
\ / - 06 - Buy
/ / -uyejuod

\ -/ n3-piuw

\ / . 3%

\ / - 09

A




Table 27 presents graphically the results of experiments
VII-1, 9, 10 and 12. These experiments are at the same current vel-
ocity but at four food concentrations. These results suggest that
for S. reptans, the doubling of the food concentration from a low level
("1/4N") to & higher one ("1/2N") may result in a much greater rate
of incresse then would be expected. (In fact, food intake was quad-
rupled.) This effect vas not continued upon further doudbling the
food concentration (to "N"). Only an increase in food intake of about
40% was obtained. Further doubling of the food concentration to "2N"
resulted in a slight decrease which was not significantly different

from the result at food concentration "N" for three comparisons and

significantly different at the 5% level of coufidence for one comparison.

1490
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TABLE 27

The intake of yeast and carmine food by S. reptans larvee
at & food concentrations for a period of one hour. (Temp.
JO°C. and current velocity 54 cm./sec.)

(T.01L = 2.5758, T.02 = 1.9599, N.S. = not significant)

Experi- Food Concen- Ave. % of mid- | Level of
ment tration gut filled for T value signifi-
30 larvae cance
‘vrg:;: 1/2g | Egg 3.7999 .01
‘Y'ﬁ:;g 1/2§ gg: g L. 7463 .01
Qi:ﬁ 1/2§ 3‘2‘ :; 3.160k .0L
VIL.gB 1 /ox S k.00k2 o1
Gkig;\ 2§ | 2323 0.3418 N.S.
Xﬁjﬁa o8 | 22:9 2.0751 .05
31151303 - 211'\; | gg:; 0.7060 N.S.
gijgn ag 2’;3 1.4778 N.S.
gij& i;ﬁg 1{3:23 6.1148 .01
gg:ggn J{ﬁg ‘{3:2 5.9361 .01
5 N 8.0 say® .o
i 1/ 38.9 5.2984 .01

VIiI-12B 1/48 10.3



iv) Discussion

If we compare the food intake curves for the four species
gtudied in these experiments (Figures 87-90), we can see that they
all differ to some extent from one another. (It must be remembered
that the experiments with S. reptans, Figure 90, only lasted one-half
as long as for the other species. While this fact should alter the
height of the curve it should not alter the shape). There are some
gimilarities, however. The curves for S. ornatum and S. reptans both
peaked at the second lovest test velocity, 54 cm./sec., and showed &
decreasing intake of food above this velocity. 8. reptans shovwed a
veryllow intake at the lowest test velocity, 31 cm./sec., while the
intake for S. ornatum at this velocity was higher but still signifi-
cantly lower than the intake by thaf species at 54 cm./sec.

The curves for §.‘variegatum and S. monticola both peak at
higher velocitles than those f§r S. -ornatum and S. reptqns. Also S.
variggatum and S. monticola larvae show & much greater ability to feed
effectively st higher velocities than the other tﬁo specles. 8.
variegatun seems to be almost incapsble of feeding at 5k cm./sec. while
S. monticola feeds at that velocity and at 31 cm./sec. as well but at
g eignificantly lesser rate than at T0 cm./sec.

‘ Phillipson (1956) found larvee of S. ornatum to aggregate
at velocities of 80 to 90 cm./sec. and to prefer velocities of 50
to 120 cm./sec. in their natural hebitat. Since food concentration
affects the intake rate also (see Table 104), it is possible that

S. ornatum larvee, although not at their optimum current speed for

o



efficient feeding, may be sble to get enough food to live due to the
high concentration in the wafer. A similar situation in nature would
account for his slightly higher aggregation velocities for 8. monticola
and S. variegatum.

The velocity at which food inteke in the experiments wes
found to be at & maximum for each species lay within the velocity
range in that species' natural habitat at vhich it was most commonly
found. This suggests that larvee esggregate within a range of current
velocities at which they can most easily get food. Meny authors (Wu,
1931; Zahar, 1949; Grenier, 1949; Phillipson, 1956 and 1957; Johason,
1966) have noted that various species were found to eggregate at certain
current speeds. The results given here would suggest thet those workers
fourd larvaee which were aggregeted st their most efficient velocities
in tems of food-gathering ability.

Further, these results suggest that larvae are not cepable
of adjusting their food intake rate by any other means than by moviﬁg
themselves to a region of different velocity.

The experiment on feeding S. ornatum larvae under day and
night conditions shows that feeding goes on at a slightly faster rate
at night. Johnson (1966) found that the numbers of black-fly larvae
colonising habitats at night were greater then the numbers colonising
the seme hebitats during the day. It was suggested that the larvae
were more active during the night. Perhaps such an increase in activity

is reflected in an increased feeding rate; such an indication was not

definitely proven in this study.
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The experiments compa;ing yeest as a food both with and
without carﬁine particles as a tracer dye showed that the feeding
rate of S. ornatum larvae vwas gslightly inhibited by the presence of
carmine.

The experiments at different food concentrations with larvae
of S. variegatum and S. reptans gave gomewhat similar results to the
concentration experiments with S. ornatum. A variation in the con-

centration of the food results in a variation in the amount of food

obteined. This relationship is not strictly linear. With S. variegatum

larvee the increase in food taken when the concentration was "2N"
rather than "N" wes significantly greater by about 30%, while in the
experiments with S. reptens intake, the decrease at "2N" over that

at "I" concentration was only statistically significant in one of the
four comparisons. At all concentrations of food S. reptans was the
more efficient food collector since the experiments with it lasted
only one hour instead of the two hours for those with S. variegatunm.

S. reptens was certainly a more efficient » collector of food particles
when the concentration was "1/2N".

The control of varisbles in experiments such as these is
often very difficult. While the current velocity, level of illumin-
ation, water temperature and concentration and quality of the food were
all controlled, there was still some degree of variation in experimental
results. Most of this variation must be pqt dowm to the range of phys~
jological states in a population of larvae. Unless larvee could be

obtained vhich were exactly uniform in all respects then wve must accept
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such variation. If reared larvae were used for experiments, we would
be faced with the problem of whether the rearing conditions were those
which the larvae would be found in in their natural hebitat. The
experiments given here will no doubt be useful to those workers who wish
to rear larvae of the four species studied, since the envirommental

requirements of these species have now been more closely defined.

¢) Field Studies on the Rate of Food Intake by Various Species of

Simuliid Larvae

1) Introduction

Maciolek and Tunzi (1968) suggested that black-fly larvee
were very efficient removers of cellular microseston from a small
mountain stream. The experiments in the preceeding section have shown
that larvae could readily ingest an artificial food suspension fed to
them in en artificial enviromment.

Finding that en artificial food suspension was acceptable
to larvae in their natural surroundings, a technique for studying the
rate of ingestion of naturally occurring particulate matter from the
stream by larvae was developed. This technique relied on the ingestion
by larvae of a small quantity of coloured artificial food suspéneion
over a brief period of time. This ingested coloured food appeared
as a visible tracer, eaten at a known time, in the mid-gut of each larva.
The smount of natural food eaten in a given time after the tracer wes

ingested was measured as a percentage of the total gut contents.
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11) Methods and Materials

" A mixture of 5.0 gn. dried grenulated yeast and 0.5 gn. powd-
ered éarmine was pleced in 5.0 litres of stream water. This mixture
was agitated thoroughly and allowed to stand for 30 minutes before
being used.

Populations of larvae used in experiments were selected from
microhabitats of uniform current velocity where there vas a concentration
of at least iSO larvae. Where more than one experiment was conducted
on .a given day in the seme stream, care was taken to prevent tracef
from & previous experiment from contaminating larvae of a subsequent
experiment.

After a suitable site was found, the experiment was begun
by allowing the coloured food mixture to be x;un into the streem at a
point Jjust upstream from the gselected group of larvae. The 5.0 litres
of mixture was fun into the stream in 2 to 3 minutes. (The faster rate
occurred in faster currents.) Immediately after the mixture was run
jnto the water a collection of 20 to 30 larvee was taken from the treated
area. This collection was considered to mark time zero in that exper-
iment. Further collections were made at 10, 20 and 30 minutes after
the first collection. All collections were made directly into 95%
ethyl alcohol.

Collected larvae were dissected in the lsboratory and the

position of the band of coloured particles in the mid-gut was measured

as a percentage of the total mid-gut length. Measurement of these

percentages was accurate to 2%. The length of each larva was also

recorded.
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Ontario.

Six experiments were carried out in England and sixteen in

Tebles 28 and 29 give the species studied, location of

stream, current speed and water temperature for each experiment.

Data on the experiments conducted in England

TABLE 28

on food intake 1n nature by black-fiy larvae.

Expt. No. Speciles Map Reference Current Water Temp.
| Studied (Britain) Speed oc.
cm./sec.
Bl S. ornatum NZ 333413 54 12.0
B2 S. ornatum Nz 333413 b7 3.0
B3 S. ornatum NZ 333413 63 8.8
Bl S. variegatum Ny 824118 ) 7.0
B5 S. reptans NY 850308 5k 16.5
B6 S. reptans NY 850308 54 13.7
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TABLE 29

Data on the experiments conducted in Ontario
on food intake in nature by dblack-fly larvae.

Expt. No. Species Btream Current Water Temp.
Studied Location Speed o¢c.
cm. /sec.

Cl 8. venustun Tmi. R, of T0 12.0

Fenelon Fells, Ont.

on Huy. 121
c2 S. venustum " 39 12.0
c3 S._venustun " T0 13.0
ch 8. venustum M 63 18.0
c5 8. venustum " 77 18.0
co 8. venustum " 63 15.0
CT* 8. venustum " 54 15.0
c8 S. venustum " 63 21.0
co §. longisty- Marech's Palls a8 16.5

atun Oxtongue River
' nr. L. of Bays

Cl0 v " 108 16.5
cll * b 108 21.0
cl2 " " 140 16.5
C13 ‘ Elliot Falls bYY 16.0

Gull River

nr. Worlend,

Ontario

c1bh " » LY 16.0
C19 " 5k 15.0
c1é " " Yii 15.0
c17 " " 7 16.0
c18 . " 83 15.0
019 " " 99 15.0

#These experiments were carried out at night.



Fig. 91. Site of the field experiments Bl, B2 and B3 on
S. ornatum larvee. '







Fig. 92. Site of the field experiment Bl on S. veriegatum
laxvae.

Fig. 93. Site of the field experiments B5 and BS on S. reptans
laxrvee.







The sites of experiments Bl - B6 are illustrated in Figs.

91-93.

iii) Results of English Experiments

The results of Experiment Bl are given in Table 30 and as
a greph in Figure 94. The percent of the mid-gut which has filled
with natural food et & glven time during the experiment is that part
of the mid-gut between the "From" percentage and zero (the start of

the mid-gut). The figures for each larva are given in Appendix IV.

TABLE 30

Experiment Bl: Tbe intake of food by S. ornatum larvee
at 54 cm./sec. and 12.0°C.

Time in minutes No. of larvae Ave. % position in mid-
exemined gut of coloured band

From To

Zero 15 0 4

5 10 8 16

10 10 12 16

20 10 52 62

30 10 84 9k

The rate of intake of natural food material by S. ornatum
larvae in this experiment was very rapid, with an average intake of
 8u% of the total gut contents in 30 minutes. The coloured band of

yeast and carmine was easily found in the mid-gut.
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Experiment B2, done‘ﬁpén the water temperature was 3.0°C.,
achieved very poor results. Most of the larvae (§, ornatum) in the
/site selected did not feed on the yeast and carmine suspension although
it was offered in the same manner as with Experiment Bl. Table 31 gives

the results of this experiment.

TABLE 31

Experiment B2: The rate of food intake by §. ornatum
larvae at 44-48.5 cm./sec. and 3.0°C.

Time in No. of larvae No. feeding on Ave. % position
minutes examined yeast and carmine in mid-gut of
colour

Zero 10 3 0

5 10 3 2

15 10 3 16

20 33 5 42

30 30 10 L8

The coloured band of yeast and carmine in this experiment was
in many larvae reduced to a few coloured grains. It is probable that
feeding was proceeding at a low rate due to the low water temperature.

Experiment B3 (see Tsble 32 and Figure 95), also conducted

on S. ornatum larvae, gave results indicating a lower rate of intake

than Experiment Bl.
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TABLE 32

Experiment B3: The rate of food intake by S. ornatum
larvae at 62.6 cm./sec. and 6.06°C.

Time in minutes No. of larvae Ave. % position in
examined mid-gut of coloured
band
Fron To
. Zero 10 0 1l
10 6 14 18
20 5 14 16
30 9 32 40

This experiment was conducted at a higher cufrent gpeed than
Experiment Bl, and one which, from the evidence of the trough feeding
experiments, is not ideal for this specles of larva. A lower intake
rate would be expected at velocities sbove 54 cm./sec. with S. ornatum.
Also, the density of food matter in the stream may have been less than
during the first experiment.

Experiment B4, which was done on lervae of S. variegatum,

yielded inconclusive results (see Tsble 33).



TABLE 33

. Experiment Bi: The rate of food intake by S. variegatum
larvae at 62.8-96.9 cm./sec. and T7.0°C.

Time in No. of larvae No. feeding Ave. % position
minutes examined on yeast and in mid-gut of
carmine colour
Zero 10 2 0
10 11 4 6
20 16 8 20
30 16 3 22

Very few larvae ingested the yeast and carmine suspension.

It was thought that the dilution of the suspension by the faster current
and the fact that the location of the experimental site was in deeper
water than Experiments Bl and B3 may have prevented much of the coloured
suspension from reaching the larvae on the stream bottom. Perhaps if
1t hed been possible to use & larger volume of suspension over the same
period of time, more larvae would have ingested the colour.

The results from Experiments B5 and B6 using S. reptens larvae
proved the opposite of the experiment with S. variegatum. The results
of these two experiments are given in Tables 34 and 35 and Figures 96
and 97. The full data of (({ach of these experiments is given in Appen-
dix IV. The coloured band was quite readily determined in dissections
and nearly all the larvae collected hed ingested some of the yeast and

carmine suspension.
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Teble 34

Experiment BS: The rate of food inteke by S. reptans
Jarvee at S5t cm./sec. and 16.5°C.

Time in minutes No. of larvae Ave. % position in mid-gut
examined of coloured band

From To

Zero 10 0 28

10 10 20 36

20 10 38 L8

30 10 66 76

TABLE 35

Experiment B6: The rate of food intake by S. reptans
Tarvae at 5% cm./sec. and 13.7°C.

. Pime in minutes ' No. of larvee Ave. % position in mid-gut
. examined of coloured band

From To

Zero 10 0 20

10 10 28 . ko

20 ‘ 10 56 68

30 10 82 92

159



iv)

Both these experiments show a rapid rate of intake of natural
food by S. reptans larvee. The higher rate for Experiment B6, vhich
was conducted one week after Experiment BS but at the same location,
ig difficult to explain. A small difference in the concentration of

patural food particles could make such a difference.

Results of Ontario Experiments

The Ontario experiments utilized three common species;
S. venustum, & well knowm pest of man end large memrals, passes the

larval stage in small to medium-sized streams while S. pictipes and

S. longistylatum characteristically spend their larval stage in the

‘rapids and waterfalls of large rivers. These two species cannot be

taxonomically separated 2s larvae eacept when fully mature. Even then,
separation of many individusls of mixed populations is imposeible as
there is a gradation of texonomic characters (D.M. Davies, personal
communication). These two species have not been separated from one
another in these experiments. The results of each experiment are

presented separately both in tebular and graphic fomm.

TABLE 36

Experiment Cl: The intake of food by medium-sized S. venustum
larvae at 70 cm./sec. current velocity end 12.0°¢C.

T4me (min.) No. of larvae Ave. % position in mid-gut
exemined of coloured food

From To

o} 10 o] 16

10 10 26 36

20 10 58 66

30 10 86 9l
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TABLE 37

Experiment C2: The intake of food by medium-gized S. venustum
Tarvee 8t 89 cm./sec. current velocity and 12°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 20

10 10 32 ko

20 10 58 66

30 10 8 98

TABLE 38

Experiment C3: The intake of food by medium-sized S. venustum
larvee at 70 cm./sec. current velocity end 13.09C.

T™me (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 ¢) 20

10 ' 10 30 40

20 10 56 66

362 10 76 94
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Experiments Cl, C2 and C3 were all carried out on May 9, 1970
on a population of medium-sized S. venustum larvae. The rate of food
intake (Figs. 98, 99 and 100, and Tables 36, 37 and 38) is quite rapid
in all cases. The limited range of velocities at which larvee were
found in the stream precluded tests of food intake at lower or higher
current velocities than those recorded here.

The larvae in all three of these experiments (Cl, C2 and
C3) vere feeding at a rapid raté, vhich was similar to the results
obtained for S. ornmatum and S. reptans larvae. S. venustum larvae of
this size range (2.5 - 4 mm. in length) were feeding at a rapid rate.

Experiments Cl, C5, C6 and CT7 were performed on the seme
population of S. venustum larvae but on May 23, 1970. The larvae were
larger then when studied two weeks previously. The volume and rate of
flow of the stream were reduced while stream temperature was higher.

Experiments Cli and C5 were cerried out during daylight hours
while C6 and C7 were performed at night before moonrise in order to
determine whether there wes any change in feeding rate et night. These

results are presented in Tables 39-42 and Figures 101-10k.
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TABLE 39

Experiment Ch: The intake of food by large S. yepustum
lervae during daylight at ©3 cm. /sec.

current velocity and 1c°C.

Time (min.) No. of larvae Ave. % position in mid-

examined gut of coloured food

From To

0 10 0 12

10 10 16 24

20 10 32 h2

30 10 52 58
TABLE 40

Experiment C5: The intake of food by large 8. venustum larvae
during daylight et 77 cm./sec. current velocity

and 16%C.
Time (min.) No. of larvae Ave. % position in mid-
exemined gut of coloured food
From To
0 10 0 12
10 10 10 20
20 10 26 36

30 10 50 56
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TABLE 41
Experiment C6: The intake of food by large S. yenustum larvae
at night and at 63 cm./sec. current velocity
and 150C.
Time (min.) No. of larvee Ave. % position in mid-gut
exanined of coloured food
From To
0 10 0 14
10 10 12 26
20 10 26 34
30 10 L6 56
TABLE 42

Experiment C7: The intake of food by large S. venustum larvae

at night and at 54 cm./sec. current velocity

and 15°C.
M™Mme (min.) No. of larvae Ave. % position in mid-gut
exemired of coloured food

From To

0 10 0 12

10 10 12 24

20 10 26 38

30 10 38 50
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Experiments C4 and C5 showed that larger larvae from the
same population as experiments Cl, C2 and C3 were feeding at a much
lower rate. It was not determined if this reduction was due to a
sparser population of microseston being cp.rried by the stream but it
was noted that the volume of flow of the stream was reduced so that
the stream was approximately one half its former width. The ability
of the stream to darry heavier segments of the microseston would have
been curtailed.

The slightly lower rates of intake for Experiments C6 and
CT when compared with Chk and C5 may not be due to night conditions
but rather a result of the lower water temperatures at night. There
appears to have been no drastic cessation or other change in feeding
rates of the black-fly larvee studied at night as opposed to daylight

conditions.

Experiments C8 - C12 were done on a population of S. pictipes

and S. longistylatum larvae at Marsh's Falls in the Oxtongue River near

Dorset, Ontario. These larvae were located in the rapidly moving water
nesr the edge of the falls. The results of these experiments are

given both in tabular and graphic form.
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TABLE 43

Experiment C8: The intake of food by S. pictipes and S. longi-
stylatum larvae from Marsh's Falls at 63 cm.ssec.
current velocity and 21.0°C.

Time (min.) No. of larvae Ave. % position in mid-gut
exanined of coloured food

From To

0 10 0 6

10 : 10 8 14

20 10 1k 20

30 10 26 32

TABLE 44

Experiment C9: The intake of food by S. ictipes and S. longi-
stylatum larvee from Marsh's Falls at 39 cm.Zsec.

current velocity and 16.5°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 4

10 . 10 2 8

20 10 6 14

30 10 12 18

178



179

TABLE 45

Experiment Cl0: The intake of food by S. ictipes and S. longl-
atylatum lsrvae from Marsh's Falls at 108 m.%sec.

current velocity and 16.5°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0] 10 0 8

10 10 8 12

20 10 14 20

30 10 20 28

TABLE 46

Experiment Cll: The intake of food by 8. pictipes and S. ;gg%-
stylatum larvae from Marsh's Falls at 109 cm./sec.

current velocity and 21.0°C.

Tme (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 6

10 10 6 12

20 10 14 18

30 10 20 26




TABLE 47

Experiment Cl2: The intake of food by S. pictipes end S. longi-
stylatun lervee from Marsh's Falls et 140 cm.%.sec.

current velocity and 16.5°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 L

10 10 6 8

20 10 8 14

30 10 12 16

The results of experiments C8 - C12 showed that S. pictipes

and S. lon)ggtylatm larvee from Marsh's Falls were Peeding at different

rates under different current velocities. Fig. 110 gives the percent
intake of natural food after thirty minutes at four velocities. Intake
was low at 89 and 140 cm./sec., higher at 108 cm./sec. and highest at

63 cm./sec. There is some similarity to the experimental resulis obtained

with 8. monticola in the feeding experiments.
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TABLE 48

Experiment Cl13: The inteke of food by S. pictipes and S. longi-

stylatum larvee from Elliot Falls at 4k cm./sec.
current velocity and 20°C.

Tme (min.) No. of larvse Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 L

10 10 8 12

20 10 18: 26

30 10 26 32

TABLE 49

Experiment Cl4: The intake of food by S. pictipes and 5. longi-
gtyletum larvae from Elliot Falls at Uk cm./sec.

current velocity and 20.0°C.

Time {min.) No. of larvae Ave. % position in mid-gut

examined of coloured food
From To
0 10 0 6
10 10 6 14
20 10 16 22

30 10 2k 30
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Fig. 112. Expt. Clk: The intake of food by S. pictipes and S. longl-
stylatum larvee from Elliot Falls at 44 em./sec. current
velocity and 20.0°C.




TABLE 50

Experiment Cl15: The intake of food by S. pictipes and S. longi-
§t&gtum Jarvee from Elliot Falls at 54 cm.7sec.

current velocity and 15.0°C.

Time (min.) No. of larvae Ave. % position in mid-gut
exanined of coloured food

From To

0 10 0 6

10 10 8 12

20 10 - 32

30 10 32 38

TABLE 51

Experiment C16: The intake of food by §. pictipes and S.

gtylatum larvee from Elliot Falls at 77 cm. 7sec.

current velocity and 15. 0°C.

Time ‘(min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 2

10 10 12 16

20 10 16 18

30 10 20 22
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TABLE 52

Experiment Cl7: The intake of food by S. pictipes and S. 1%ng-
stzlatum Tervae from Elliot Falls at 77 cm./sec.

current velocity and 20.0°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 2

10 10 L 6

20 10 14 16

30 10 18 22

TABLE 53

Experiment C18: The intake of food by S. pictipes and S. longi-
stylstun larvee from Elliot Falls at 83 em. /sec.
current velocity end 15.0°C.

pime (min.) No. of larvee Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 b

10 10 16 20

20 10 26 32

30 10 38 16
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Tig. 115. Expt. C1T7: The intake of food by S. gictipes and S. longl-
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TABLE 5k

Experiment C19: The inteke of food by S. ctipes and S. longl-
stylatum larvee from Elliot Falls at 99 cm. /sec.

current velocity and 15.0°C.

Time (min.) No. of larvae Ave. % position in mid-gut
examined of coloured food

From To

0 10 0 L

10 10 12 16

20 10 26 28

30 10 32 3k

The experiments on S. pictipes and S. logg}stylatum larvae at

Elliot Falls (Tables 48-54 and Figs. 111-117) showed (as did experiments
c8 . C12 at Marsh's Falls) variations in the rate of food intake at
different current velocities. A pattern of varying intake rates (Fig.
118) similar to that for larvae from Marsh's Falls can be seen. Larvae
at Elliot Falls were living in e habitet with generally lower current
velocities and no microhebitats with current faster then 1 m./sec. were
found .

Larvee from Marsh's Falls were least efficient at collecting
food at 89 cm./eec. while larvae from Elliot Falls were most efficient
at 83 em./sec. Both populations showed high rates of intake at a lower

and higher velocity with a lower intake rate at an intermediate velocity.
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v) Discussion

Nauman (192L4) mentioned that lervae filled their intestines
in thirty minutes with the unspecified food he gave them. It is per-
haps not surprising to find that feeding rates for several specles on
two continents are not very far removed from this observation. Neither
is it surprising that some intake rates are much lower then this.
Changes in inteke rate were observed in the trough experiments with
chenges in the concentration of artificial food. Concentrations of
microseston must vary widely in nature and, as Maciolek and Tunzi (1968)
have pointed out, black-fly larvae are efficient removers of the cellular
portion of it. In fieLd experiments then, the microseston available
to any of the populations studied here had undoubtedly been reduced by
larvae further upstream. Carlsson (1962) pointed out that larvae are
often heavily concentrated in areas where a river flows out of a lake.
Larvae in such a location would not, therefore, suffer competition for
food.

Tt would be very difficult to show definite differences in
rates of ingestion for & given species of larva encountered in its nat-
ursl hebitat. Larvae encountered in a particular location in a stream
have presumably attached themselves in & suiteble location. Any popul-
ation existing in a microhebitat in the numbers required in the experiments
discussed here would certainly have been in a location suitable to them.

These locations were usually areas with a restricted smount of current

speed veriation.



One exception was at Marsh's Falls where current velocity
varied from 63 cm./sec. to 140 cm./sec. and larvae were present through-

out that current range. S. pictipes and S. longistylatum larvae are

normally associated with a waterfall habitat and appear to be less
restricted in current preference than other species such as S. venustum
and S. reptans. It is also possible, since S. pictipes and S. longi-
stylatum larvae are so difficult to separate taxonomically, that one

of these species 1s preValent in the slower water on the lip of the
falls and the other is more common in the more rapid water. There would
then be some degree of separation into different ecological niches.

If this is not the case and both species share the same physical habitat,
food and'predators and parasites, we would be confronted with the

problem of two species sharing the same niche.

6. SUMMARIZING DISCUSSION
The field studies on streams both in England and Ontario

showed that black-fly larvae were found at a wide range of population
densities. Carlsson (1962) found large variations in population dens-
ities from locality to locality and from sample to sample in Scandinavia.
The densities found in this study exceeded the highest found by him.
Densities in Allerton Beck, a small moorland stream in County Durham,
Englend, were on the average much higher than those found in a larger
Ontario stream. Very low densities were found at both locations,
however.

Such a wide variation in population densities in a éingle

stream raise the question of whether or not larvae on a particular piece

19
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of substrate are aware of the presence of other larvae in close
proximity to them.
The laboratory experiments recorded densities of larvae
as high as lhl/sq. cm. After being crowded to higher densities than
those at which they were first established, larvae generally showed
little inclination to disperse when adjacent unoccupied substrate
vas made available. It was also found that the majority of larvae
being crowded together on.a limited area of substrate preferred to
remain on that substrate rather than abandon it. Releasing hold of a
substrate and dropping downstream on the end of a silk thread would
expose a larva to considerably more buffeting from the current and to |
the dangér of being swept into an unsuitable habitat. The apparent :
reluctance of larvae to abandon the crowded substrates used in the
laboratory experiments may simply indicate that they were not really
crowded, although these densities were higher then those found during

the field studies.

The larva of Crozetia crozetense has been considered by

Davies (1965) as primitive in regard to the labrum and the cephalic
fan. The cephalic fan rays of this specles have a raking function
rather than a filtering one and represent an early stage in the evolution
of the simuliid cephalic fan.

Similarities in the appearance of the microtrichia of

primary fan rays of P. ferrugineum to those of Crozetia crozetense

were noted. Rubtzov (1959) and Carlsson (1962) consider P. ferrugineum

to be a relict species. Larvae of this species were found (in several



Norweglan collections) to be feeding on other stream ingsects including
black-fly larvae of other species. Serra-Tosio (1967) has recorded
P. inflatum as a predator on chironomid larvae. Similarities can be
seen between the primary fan rays of this species and P. ferrugineum.
S. venustum larvae have been noted to be cannibalistic (Peterson and
Davies, 1966); this behaviour may not naturally occur. The role of the
primary cephalic fan in predetion has not been observed; the long
heavy tips of the rays of the primary fan of P. ferrugineum larvae may
play some part in this mode of feeding.

Perhaps predation is an attempt to obtain an increased amount
of food. Other species of larvee found in the seme streems as P.
ferrugineum epparently haed no need to practice predation on other
stream enimels. If P. ferrugineum larvae were not as effective in
filter-feeding as other species, then to obtain sufficient food they
would be required to change their feeding hebits. Adoption of a
predatory habit may well have ensbled P. ferrugineum larvee to survive
in enviromments vhere filter-feeding slone would not provide enough

food. The larve of Crozetia crozetense uses its cephalic fens as rakes

rather than as a filter-feeding organ (Davies 1965). P. ferrugineum
larvae have been found to predate on other stream insects, perheps
using their strong spear-pointed cephalic fan rays in this action.

The filter-feeding species of larvae studied here (ie. those

other than Crozetia crozetense and P. ferrugineum and P. inflatum to

gome extent) have cephalic fan rays with varying patterns of microtrichia.
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Laboratory experiments showed for four species of larva that the rate
of food intake for each species veried wita the current speed. Further,
species were most efficient at gathering food at current velocities at
vhich they were found in nature. The plotted curves of food intake
against current velocity were different for each species, thereby
suggesting that an enviromment with a current speed favoureble to one
gpecies for food-gathering would not be as favoursble to another
species because of its inability to extract as much food in a given
time. This latter species would therefore be at @ disadvantsge in
competing with the former species. Phillipson (1957) stated that
current speed was important in determining the distribution of black-
fly larvae aund possibly isolating different species in streams. It
seems probable that it is the ability to gain food from a particular
current velocity range that determines the distribution of a species.

S. ornatum lervee and S. reptans larvae both were efficient
collectors of artificial food at Sk cm./sec. and less efficient at
higher and lower current velocities. The primery fen rays of both
species possess microtrichial patterns-with secondary microtrichia of
nearly equal length interspersed with primary microtrichia of greater
length. S. monticola and_g, variegatum larvae were found to be efficient
particle collectors at 7O and 80 cm./sec. current velocity respectively.
These two species both have primary fan rays with secondary microtrichia
in en "orgen-pipe" varying pattern of increasing length. Apart from

these variations in species tested during the studies reported here, it
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is difficult to associate a perticular microtrichial pattern with a
particular current enviromment. Grenier (1949) associated the degrees
of chitinization of the rays of the primary fan with current velocity.
He stated that species with heavily chitinized rays such as P. hirtipes,
S. monticola and S. variegatum were always found in lrapidly moving
water. Specles found in slowly moving waters and bearing weakly

chitinized primary fan rays were S. angustitarse, S. equinum, S.

salopiense, S. costatum and S. aureun. Species with primary fan rays

of intermediate chitinization were S. ornatum and S. latipes. They
were considered to inhabit currents of intermediate velocity around
60 cm./sec.

On Grenier's (1949) clessification there would seem to be

an indication that species with "organ-pipe" secondary microtrichial

patterns are found in faster flowing water. §S. monticola and 8. variegatum

support this idea. Also, species with less variation in the lengths of
their secondary microtrichia are found in slower currents (§ . angust-

itarse, S. salopiense and S. costatum). There are numerous exceptions

to this idea, however.

If it were possible to determine the way in which the micro-
trichia on the rays of the primary fan function during fan movements,
it might be possible to explain their morphology more fully.

In the three species in the species-group of S. ornatum,
(Davies 1966) each species has a separate pattern of microtrichia on
its primary fari rays. S. spinosum larvae have the "organ-pipe" pattern

of secondary microtrichia while S. ornatum and S. nitidifrons possess
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secondery mlcrotrichia which have less veriation in length. 8. niti-
difrc;ns has a grester number of secondary mnicrotrichia between each
primery microtrichium then does S. ornetum. Davies (1966) points out
that S. nitidifrons l. larvae replace S. ornatum larvae in upland and
bill aress end elso in poorer hebitats at all altitudes in western and
oorthern Britain. S. gpinosum larvae sre sometimes found with S. niti-
difrone lorvae but are much less comaon than the other two specles.
These threc cpecles were previously considered as cne species vwith S.
nitidifrons and S. spinosum treated as verieties. Whether or not the
differing patterns of microtrichia on the primery fan rays of these
three species have an ecological significance, 1t is certsin that they
are characteristic morphological differences in three closely related
speocies vhose larvae would appear to have different ecologicel require-
ments. | | |

The a.ctugl process of food-gathering occurs by flicking the
prinary fan to 8 ﬁ&szuly cloased posn\:ﬁpn vhere it is then cleaned
by the cover bristles of tho mandible. This flick of the primary fan
tekes plece in only 0.15 seconds and is repeated very frequently (see
Tables 11 and 12). Several other euthors (Fortner, 1937; Grenier, 1949)
have considered flicking of the cephalic fans to be the feeding action.

fhe co-crdination of the primary fen with the mandible in the flicking

action suggests very strongly that there is a very rapid transfer taking

plece., The repid action of the mandibles after a flick of & fan confirms

that they have collected food particles and are engaged in forming them

into 8 bolus.
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Chance (1970) stated that food transfer occurred when the
convex surface of the closed and retracted fan was scraped by the
external bristles of the mandible. The infrequent occurrence of this
ection by larvae and the fact that the convex surface of the rays of
& primary fan is: unlikely to have collected any food are serious
objections to this theory of feeding. Furthermore, Chance's theory
does not give any explanation for the flicking action.

The results of the food intake studies of black-fly larvae
in their natural habitats showed that all épecies vere taking in food
vhen studied. Two night experiments showed that S. venustum lervee
were sti1ll feeding in total darkness thus confirming the dark experi-
ments carried out on S. ornatum larvae.

There was considerable variation in the rates of intake by
different species under various conditions. In one experiment S. ven-

ustum larvee were feeding at a rate which would mean that their entire

mid-gut contents would have been changed every 35 minutes. At the other

extreme, larvse of the S. pictipes-S. 1on§istylatum complex in two

experiments would have completely changed their mid-gut contents in L

hours and 10 minutes. This wide variation meant that S. venustum larvae

under certain conditions were ingesting food more than seven times as

rapidly as larvae of the S. pictipes-S. longistylatun complex.

The range of intake rates found in single species also showed

considerable variation. S. ornatum larvae in three experiments would

have completely changed their mid-gut contents in from 36 to 94 minutes.

201



8. reptans larvae in two experimente would have required 37 and Ls
minutes. Seven eiperiments on S. venustum larvae would have given

figures from 35 to T9 minutes. S. pictipes-S. longistylatum larvae,

feeding at slover rates, would have exchanged their mid-gut contents
in 79 to 250 minutes. The laboratory experiments showed that food
intake rate was affected by current velocity and food concentration.
Food concentration will 7z to some extent be affected directly by current
veloelty since heavier water-borne particles (especially inorgenic
material) will settle to the bottom in slower currents. Microseston
levels in a stream will certainly vary over & period of time. (Such
a variation may explain why lester experiments on S. venustum larvae
gave lower intake rates.)

Chance (1970) stated that larvae feed automaticelly and at
times ingest more than they require. The nutritional requirements
are not known, but from the experiments here it appears that larvee
feed continuously at a rate determined by current velocity and food
concentration. Davies and Syme (1958) found that starved P. fuscum
and P. mixtum larvae required two weeks to empty their digestive tracts.
It is probedble that either food utiligation is poor or that the great
majority of the material ingested under natural conditions is inorganic

and therefore of no food velue to larvae.

These studies have shown something of the densities of
population atteined by black<fly larvae and their reactions when crowded

onto 8 limited space or when offered an increaged amount of space.
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Both the rate and irregularity of primery fen action and its
detailed co-ordination with the mandibles were studied. Investigation
was made of the fine structure of the rays of the primary fan in a
number of species. Also studied was the curious flicking action of the
cephalic fan.

Discovery of such wide and species-specific variation in the
microtrichia on the primary fan rays of 24k gpecies led to speculation
that there might be differences in the rate of food intake by different
species. It had long been known that larvae of certain species were
restricted to habitats in certain current ranges and it had occasionally
been suggested thet current preferences were connected with food-gathering.
Laboratory experimenfs performed in this study showed that black-fly
larvae were not equally efficient food gatherers at all the current
velocities in which they would exist. Rather they were most efficient
at collecting food from current velocities which formed their normal
hebitat and much less efficient at current velocities aebnormal to them.

Field experiments further showed that the rate of intake of
natural food may vary quite widely from species to species and from
hebitat to habitat. Larvae in natural habitats were not usually found
at current velocities disedvantageous to them and so the influence of
current velocity on rate of food intake was somewhat obscured compared
to the laboratory results. Nevertheless, the field studies on natural

food inteke showed that larvae fed continuously, often at very high

rates.



The casual observer may wonder at the energy expended on such
minute animals and question the eventual importance of such work when
viewed against larger questions of this age. These studies have
attempted to clarify the biology of larval simuliids in relation to
food and living space, two important components of their enviromment.
Black-fly larvse are common and important members of flowing fresh-water
invertebrate communities. They are ususlly equipped with special
adaptations for food-gathering which make them unique in these commun-
ities.

The simuliids are not merely worthy of study Jjust because of
their own importence. They are also of considerable importance to man
for two other reasons.

Adult female black-flies are importen® 3s pests of man and
animals. One of the chief methods of control of black-flies is by the
use of larvicides poured into their larval habitats. However, larvi-
cides (such as DDT) are now being prohibited due to concern over
envirommental pollution. Basic research such as that performed here
may eventuelly lead to the development of larvicides which would have
to be ingested by the larvae before they éxhibited any toxic effect.
Such larvicides would pose no problem to the enviromment if dispersed
into the stream in particle sizes only acceptable to black-fly larvae.

The ability of black-fly larvae to extract minute organic
and inorganic particles from flowing water brings into focus another

reason for this study. Much of the work done here illuminates the

importance of black-fly larvee as part of the river ecosystem. Their
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place is that of a primery converter of organic debris and vegetable
matter into animal tissue. They are one of the chief forms of river
life, along with caddis and chironomid larvae, to feed on particles

in suspension. Their imménée nunbers in many rivers suggest their
importance to the ecosystem in the conversion of microseston. -The
control of water pollution and the desire of man to retain unspoiled
natural environments receives much attention to-day. Perhaps it would
be well to further determine the importence of such a basic member of
the aquatic food web as the bleck-fly larva. It is possible that
these insects, acting as filtering mechenisms in streams, may in fact
e helpful to man in his attempts to combat orgenic pollution of streams

and rivers.

CONCLUSIONS

The Absolute Densities of Verious Populations of Black-Fly Larvae

1. Larvae were found in nature st a wide range of lerval densities.

In seventy-eight collections from the North Madawaske River in Ontario
the density of black-fly larvae veried from 19.8/sq. cm. to less than
0.1/8q. em. with an average density of 1.0/sq. cm. Twenty-five collect-
ions from Allerton Beck, Co. Durham, on March 30, 1967 gave densities

of larvae frem 34.5/8q. em. to 0.1/sq. cm. with an average of 7.4/sq. cm.
Twenty-two collections made on Jenuary 21, 1968 from Allerton Beck
showed larval densities to vary from 10.6/sq. cm.“to 0.1/sq. cm. with

an average of 2.5/eq. cm.
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5. Simulium ornatum larvae were crowded in the leboratory to densities

of 70 to 1b1 larvee per sq. cm. These densities were higher than found

in naturally occurring populations.

3. 8. ornatum larvae preferred to be crowded closely together on an

attachment site of limited area rather than ebandon that substrate.

4. Larvae were reluctant to disperse to attachment sites previously

occupied by them before crowding.

5. Larvae were found to move (vy looping) more reedily in an upstreem

direction than in e downstream direction.

The Meens and Mechenism of Food Collection

1. The microtrichial patterns on the rays of the cephalic fans of 25
species of black-fly larvae wére studied using the scanning electron

microscope. Species-specific variations in these patterns were demon-

strated.

2. Fan flicking rates were determined for S. ornatun larvee snd found

to be irregular but frequent as stated by Fortner (1937).

3. The actions of the primary fans and mouthparts of S. longistylatum

larvee were photographed with a ciné cemera. The flicking action of
the primary fan was seen to be co-ordinated with the mandible so as to
provide for effective transfer of food particles from the primary fan

to the mouth. Fan flicking has been considered to be the actual feed-

ing action.
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The Food of Prosimulium (Helodon) ferrugineum

1. Fifty-one larvae of P. ferrugineum were found to contain the

remains of 212 equatic arthropods of other species. The larvae of
Cnephia spp., from scme of the same hebitats as the larvae of P.
ferrugineum, contained only one small piece of unidentifiable insect
tissue. It is suggested here that the larvae of P. fe‘rrug_inemn , found
in several rivers of eastern Norway, obtain part of their diet by
predating upon other aguatic arthropods.

Leboratory Experiments on the Feeding of Various Species of Black-Fly
Larvae

1. Larvee of S. ornatum, S. variegetum, 8. monticola and S. reptans

were fed artificial food, consiating of a suspension of yeast cells
and powdered carmine, at various current velocities in a recirculating
trough spparatus. Each of these specles was found to differ from the

others in its rate of food intake over a range of current veloc‘ities.‘

2. S. variegatum and S. monticola larvee showed similarities in their

feeding rates at the higher current speeds.

3. S. ornatum and S. reptans larvee were both more efficient at gather-

ing food at Sk cm./sec. than at higher and lower current velocities.

4, S. ornatum lexvae were not found to feed at a significantly grester

rate in total darkness then under illumination.

5. The presence of carmine particles in the yeast suspension signif-

icantly reduced the rate of food inteke by 3. ornatum larvee.
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6. The rate of food inteke by larvae of S. ornatum, 8. variegatum

and .§_ . reptans was found to be affected by the concentration of food

presented to them.

Field Experiments on the Rate of Food Intake by Various Specles of
Simullid Larvae

1. A number of species of black-fly larvee, both in England and Ontario,
were found to ingest an artificial food suspension composed of yeast
and powdered camine vhen this was gdded to the river water just above

the larvae studied.

2. Using the ingested artificial food as & timed tracer, the average
rate of food ingestion for three English species (_S__. ornatum, S. vari-
egatum and S. reptans) snd two Canedien species (S. venustum and the

S. pictipes-S. longistylatum complex) were determined. A wide range of

rates of intake occurred, not only between species but between larvae

of the seme species living at different current velocities.
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APPENDICES

APPENDIX 1

The Pitot-tube velocity gauge

The pitot tube method has been used by several black-fly
workers and is a chesp end convenient method of gauging the velocity
of running water. Its advanteges for the present study vere that it
is capable of meesuring current velocity in very close proximity to
larvae either in an experimental apparaﬁus or on a stone or piece of
végetation in nature.

The pitot tubes used in this study vwere mede of glass tubing
with @& 4 mm. inside diemeter end 1 mm. wall thickness. The tip of the
horizontal erm was reduced to en opening of &bout 2 mm. and rounded by
fire-polishing. Next to the vertical am of the pitot tube a wooden
rule marked in millimetres was fixed so as to provide an easily read
scale. On the top of the wooden scele was & small glass spirit level,
as used in carpenter's levels. This provided a check that the vertical
arm was, in fact, being held vertical vhile measurements were being

taken.

The formula used for conversion of the difference ia height
of the water column inside and outside the glass tube to the current
velocity was V = V2gh vhere V is velocity in cm./fsec. , h is the height

of the water column in cm., and g is the force of gravity (980 em./sec.)
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It was not known whether variations in the bore of tubing
used or the degree of restriction of the tip of the horizontal arm would
affect the readings of a pitot tube gauge. Accordingly, the pitot
tube described above was compared with tubes constructed from gless
of several sizes of bores and with both restricted and unrestricted
tips. The following pitot tubes were used:

1. Tubing of 4 mm. inside diemeter with 1 mm. thick wall, tip reduced
to 2 mm. inside diemeter.

2. Tubing of 4t mm. inside diameter, with 1 mm. thick wall, tip not
reduced but fire-polished.

3. Tubing of 5 mm. inside diemeter, with 1 mm. thick wall, tip reduced
to 1 mm. inside diameter.

4. Tubing of 5 mm. inside dismeter, with 1 mm. thick wall, tip not
reduced but fire-polished.

5. Tubing of 3 mm. inside diameter with a .5 mm. thick wall, tip not
reduced but fire-polished.
V These five pitot tubes were compared in the trough apparatus

i1lustrated in Figure 101 at four velocities. The velocities recorded

by each tube are given in Table I-l.



TABLE I-l

Velocity readings given by five differcnt pitot
tubes at four current velocities

Velocity 1 2 3 b 5
1 31.3 31.3 31.3 31.3 34.3
2 44 bl b b by
3 62.6 62.6 62.6 62.6 62.6
b 6.7 6.7 76.7 6.7 7.2

The results of these tests suggest fhat gnall-bore pitot tubes
nay give a slightly higher reading then larger bore tubes dbut that the

restricted opening of & tip does not affect the readings to a discernible

degres.
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APPENDIX II

TABLE II-1

The contents of the mid-gut of each P. ferrugi-
neun larva exemined

Sample P. ferrugi- Chirono- Simuliid 1Insect Ephemero-
No. neum lerva mid larvae  tissue Mites ptera or
larvae Plecop~
tera
1 1 2 1 1
2 T 2 1
3 2 3
b 2 1
) _ 1
6 2 2
T 1
8 1 1 3 1
9 3 3
10 3 3
2 1 1 1l 1 2
2 1 1
3 5 1 1l 1
L 3 1 4
5 1 3
3 1 2
2 ‘1 2
3 1
4 1
5 b 4
6 1 1 1
T 3 1 N
8 3 1 2
9 1 1 1
10 1 1
4 1 2 3 1 1
2 3 1 2 1
3 3 1 1 1
[ 1 2 2
5 'Y 2
6 2 1 1
T 3 2 2
8 1 1 1
9 1 1
10 1 1
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TABLE II-1 (CONT'D)

Semple P. ferrugi- Chirono- Simuliid Insect Ephemero-
No. neum larve rid larvae tissue Mites ptera or
No. larvae Plecop-
tera
5 1 1 1 1
2 1 1 1
3
4
5 3
6 ) 1 1l 1 2
6 1 5 1 1
2 2 1
3 2 1 1
L 3 1
5 1 1 1
6 1 1 1
T 8 1 1
8 1 1
9 1
10 3 1 1l
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APPENDIX III

TABLE III-1

The values of Student's T between troughs A and B
of the g}iperiments in Series I and 11 (7T for 1% level
of significance = 2.5758, T for 5§ level of signifi-

cance = 1.9599)

st e ORI o
-7 z t; 2 1.1687
1-8 a Zg:g 1.286k
2 ; 3 2
I-b : zg 'Z 0.5524
-5 . g:g 217
1-6 a ﬁ :g 1.2121

1I-1 : 311;3 1.0526
II-2 g g;‘ :; 0.0248
II-3 A 910 0,077
II-h a gg :g 1.6478
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APPENDIX III

TABLE III-2

The values of Student's T between experiments in Series I

(T for 1% level of significance = 2.5758,
for 2% level of significance = 2.3263
and for 5% level of significence = 1.9599.)

Comparison between

Experiment No. Experiment No. T velue
I-TA I-84 5.2243
I-7A 1-88 3.7593
1-78 I-8A b.1296
I-78 1-88 2.6820
1-8a I-9A 5.0248
I-8a I-98 5.4501
1-88 I-9A 3.5256
I-B I-98 3.9696
I-9A I-lkA 3.1741
I-9A 1-4B 2.2562
I-9B I-hA 3.3008
I-9B I-4B 3.1085
I-hA I-5 3.86k4
I-bA I-58 %.1200
I-4B I-5A 3.6266
I-4B 1-5B | 3.8046
I-5A I-6A 1.4125
I-5A ’ I-6B 3.2651
I-5 I-6A 1.7895

I-5B 1-6B 3.9112
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TABLE III-3

The values of Student's T between troughs A end B of the exper-
Iments in Series 1V and V (T for 1% level of significance

= 2.5758
T T
-1 : g:§3 0.3302
Iv-h g tgz 0.1507
Iv-2 : '3‘3:9{ 0.0362
V-3 A 214 0.0L7
SR B o1
v B 24 01483
v-3 g gg:g 0.6831



APPENDIX

II1

TABLE III-U

The values of Student's T between troughs A and B of experiments

in Series VI

(T for 1% level of significance = 2.5758
T for 5% level of significance = 1.9599)
Experi-

Trough Ave. % of mid-gut T value

ment No. £11led
VI-6 g ‘3‘2:; 1.6243
VI-1 g ggg 0.2056
VI-2 g ;g:g 0.2447
VI-3 ]1;. 13;; g 1.216k
VI-b g ggg 0.2064
VI-5 g %; 1.8182

& &3
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TABLE III-5

The values of Student's T and the levels of significant
difference between experiments in series VI

(T for 1% = 2.5758, T for 2% = 2.3263, T for 5% = 1.9599,
N.S. = not significant.)

Comparison between Level of
Experiment No. Experiment Fo. T value signifi-
and trough and trough cance
6A 1A 1.6947 N.S.
6A 1B 1.5593 N.S.
6B 1A 0.1292 N.S.
6B 1B 0.2901 N.S.
1A 2A 3.5732 .01
1A 2B 3.4569 .01
1B 2A 3.3700 .01
1B 2B 3.2422 .01
2A 3A 3.3787 .01
2A 3B 2.5353 .02
2B 3A 3.2509 .01
2B 3B 2.3647 .02
3A LA 0.6201 N.S.
3A 4B 0.hk211 K.S.
3B kA 1.6897 N.S.
3B 4B 1.5457 N.S.
4A 5A 2.8596 .01
LA 5B b.4351 .01
4B S5A 3.2813 .01

4B 5.0363 .01

[



225

APPENDIX III

TABLE II1-6

The values of Student's T betx«_rgen trogg:ps A and B of the
experiments in Series VII

(T for 1% level of significance = 2.5756,
T for 5% level of significance = 1.9599)

Experi- Ave. % of mid-gut

ment No. Trough £1lled T value
VII-3 A 13:2 0.5267
VII-1 . gﬁz 0.4263
me 2 o
VII-b g iﬁg 1.0493
vIiI-6 A 1,57 ; 0.6143
me 29 a5
VII-9 g 13*% :g 1.8431
V-0 : o 2.2208
ViI-12 A ig:? 0.0749
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TABLE III-T

296

The values of Student's T and the levels of significant

difference between experiments in Series VIL

(T for 1% level of significance = 2.5758)

Comparison between

Experiment No. Experiment No. T value sigzzgiczzce
1A 2A 9.9758 .01
1A 2B 6.7811 .01
1B 2A 8.2405 .01
1B 2B 5.8779 01
1A 3A 13.9804 .01
1A 3B 13.3901 .01
1B 3A 11.4292 .01
1B 3B 10.9848 .01
2A ha 0.5051 N.S.
24 4B 1.9977 .05
2B ba 1.1206 N.S.
2B 4B 2.1237 .05
1A 9A 3.7999 .01
1A 9B b, 7463 .01
18 9A 3.160h4 .01
1B 9B 4.ook2 .01
1A 10A 0.3418 K.S.
1A 10B 2.0751 .05
13 10A 0.7050 N.S.
1B 10B 1.4778 N.S.
9A 12A 6.1148 .01
9A 128 5.9381 .01
9B 12A 5.4378 .01
9B 12B .01

5.2984
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APPEIDIX IV
TABLE IV-l

The position of the coloured band of food in the mid-guts of
8. ornatum larvae € ned 68 P of field experiment B

T™Mme in  Specimen  Length in 4 position in midegut of
mins. No. D . coloured band

- From To

Zero 1 5.5 0 0

2 g 0 2

3 5.5 0 0

N 6 0 2

5 6.5 0 2

6 5 0 0

7 5 0 0

8 6 0 2

9 5.5 0 8

10 4.5 0 6

11 5.5 0 2

12 5 0 N

13 8 0 2

14 6 0 8

15 6 0 b

5 1 8 2 I

2 7.5 2 b

3 4.5 6 10

b L 8 10

5 L 0 12

6 3.5 12 22

7 3 10 20

8 2.5 16 1t

9 3 10 20

10 2.5 12 a4

10 1 7 10 12

2 5 L 16

3 h.5 18 26

b 3 20 24

5 9 8 10

6 6 2 10

7 8 8 12

8 5.5 12 14

9 4.5 14 20

10 6 10 20



TABLE IV-1 (Contd.)

Time in Specimen  lLength in % position in mid-gut of
mins. No. . coloured band

From To

20 1 4.5 28 Ll

2 3.5 58 70

3 5 ko L8

I 5 46 56

5 5.5 Lk 48

6 5 66 T

7 L 62 70

8 L 68 T2

9 L4 Ll 50

10 3.5 6k 78

30 1 5 68 (Y

2 3 80 90

"3 L 96 100

b 3.5 90 100

5 4.5 Th 86

6 3.5 y 86

T h 88 100

8 3.5 98 . 100

9 L a8 100

10 b a4 100

228
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TABLE IV-2

The position of the coloured band of food in the mid-guts of
T B. reptans larvae examined as part of ?7ield experiment BY

Time in  Specimen  Length in % position in mid~gut of
mins. No. . coloured band
From To
Zero 1l 5 0 22
2 b 0 50
3 5 0 18
L 5 0 2k
5 y 0 22
6 k.5 0 18
T b 0 30
8 L.5 0 18
9 4.5 0 48
10 4.5 0 20
10 1 5 14 24
2 5 26 40
3 5 18 32
N 5 18 30
5 5 24 KUY
6 5 20 ag
7 5 20 3
8 5 30 56
9 5 10 20
10 N 20 h6
20 1 5.5 L6 60
2 4.5 Yo 5k
3 k.5 bl 56
4 5 30 4o
5 5.5 38 52
6 5 36 48
T 4.5 36 by
8 4.5 4o 50
9 5 30 %o
10 5 30 40
30 1 5.5 L6 5k
2 4.5 5L 62
3 5 66 76
4 5 70 80
5 5 60 68
6 5 T2 80
T 5 6k T
8 h.5 58 T2
9 k.5 T 82
10 4.5 90 100
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TABLE IV-3

The position of the coloured band of food in the mid-guts
of 8. roptans larvee examined s part of fleld experiment B6

Time in Specimen  Length in % position in mid-gut of
mins. o. om . coloured band P
From To
Zero 1 5 0 16
2 4.5 0 24
3 h.5 0 18
b 4.5 0 18
5 4.5 0 18
6 5 0 24
T 5 0 12
8 4.5 0 18
9 5 0 a2
10 b 0 22
10 1 5 28 Lo
2 5 38 L8
b 4.5 24 30
5 5 30 Lo
6 5 32 42
7 b 28 42
8 4.5 22 32
9 4.5 30 40
10 5 22 30
20 1 b.5 o4 8k
2 l 60 (3
3 Y 58 T2
h 5 52 62
5 4.5 58 €8
6 4.5 18 58
T - 5 56 64
8 5 60 T2
9 5 52 60
10 5 50 62
30 1 5 66 76
2 5 86 100
3 k.5 ok 100
b k.5 84 9%
5 5 T2 80
6 4.5 90 100
7 L ol 100
8 5 s 86
9 5 T 90
10 5 80 9



