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Introduction,

Plies of the genus Simulium are of considerable 

importance as pests of cattle in North America and Centra.! 

Europe. Several species, of minor economic significance, occur 

in Great Britain. These have been the subject of two papers 

by Edwards (1917 & 1921) in which keys are given for the 

determination of the species in the last larval stage, the 

pupa, and the imagines of both sexes; The habits of the 

flies are also noted and numerous localities are listed where 

the various species have been taken.

Puri (1925) has given an account of the general morphology
/   \ r of S. nttlleri, (Fried^richE} has described and illustrated the

specific characters of the ultimate larval stage and of the 

other British species.

Continental species have received the attention of 

various authors. Friederichs (1919 etc.) and Snderlein 

(1921 etc.) discussed those occurring in Germany mainly from 

the morphological and taxonomic standpoint. Wilhelmi and 

Saling (1928) summarised the veterinary status of the 

Simuliidae in Europe. Wagner (l925a) published the results 

of experimental work on the respiratory functions of the 

larval anal gills and discussed (I925b) the general biology 

of the genus: while Serbian species have received the attention 

of Baronov (1927 etc.).



Lutz (1910) has worked on South American species while 

those of North America have "been the subject of papers "by 

lHalloch (1914), Jobbins-Pomeroy (1916), Cameron (1922) and 

Wu (1930). Australian species have "been dealt with "by 

Tonnoir (1925).

Reference to Edward's papers shows that several species 

occur in Scotland and the discovery of large numbers of 

larvae of S. o mat urn in a stream within half-a-mile of the 

laboratory led to the present investigation being undertaken, 

on the advice of Dr. A.E. Cameron. Whilst scope has been 

confined to a study of the ecology, biology and morphology 

of S._omaturn, it must be remembered that the construction of 

a sewer in the bed of the stream after the investigation had 

commenced interfered with the ecological work to such an 

extent that it was decided to stress the morphological aspectsand 

to supplement these with a biological study of the species under 

laboratory conditions. The geological aspect was^ however, by 

no mearifi neglected and observations of the species in the 

stream were systematically and regularly made. Thus a fairly 

accurate conception was obtained of the main factors that 

regulate the annual cycle of S. ornatum in nature. As regards 

species other than §._ornatum in the vicinity of Edinburgh, 

collections were made from time to time and these have been 

recorded in the account of the work that follows.
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The work was "begun in Oct. 1930 under the terms of a 

Research Scholarship of the Department of Agriculture for 

Scotland. To Professor J. H, Ashworth I am indebted for 

providing accommodation in the Department of Zoology and 

for his advice, and to Dr. A. E. Cameron for his personal 

supervision, continued interest and help in the investigation 

as it proceeded. I have also to thank Dr. P.W. Edwards of

the British Museum for corroborating my identification of
other 

S. omaturn and the^species which are recorded as occurring

near Edinburgh.



General view of the stretch of the 

Braid Burn where the observations 

were made and specimens collected.

Glyceria fluitans on the hank of 

the Braid 5urn.



The Habitat.

The stream from which the early stages of S. o mat um 

were obtained is known locally as the Braid burn. Larvae were 

mostly collected from the stretch of water of about 2200 feet 

extending between Blackford Road Cottage and the Edinburgh and 

District Water Trust's conduit at Liberton Dams; Further upstream 

the burn passes through Blackford Public Park and the thickly- 

wooded Hermitage of Braid, beyond which there is open agricultural 

land. The course of the stream where the specimens for investi 

gation were obtained appears to have been subjected to changes at 

various times in order to accomodate a closely adjacent road^which 

runs through the valley. Along the greater part of the stretch 

investigated no alterations had been made for some considerable 

time either to the course of the stream or its banks, which are 

covered with a well-established flora.

The stream varies in width from a maximum of about ten feet 

to as little as three feet in places where the narrowness is 

compensated by an increase of depth or speed of flow. The 

depth varies from about 6 to 13 inches in the mai n channel but is 

subject to sudden fluctuations in reg> onse to rainfall. The water 

passes along the stream rapidly but the actual rate of the current 

is very variable owing to the presence of alternating rapids 

and shal lows as well as intermittent obstacles.

The bed of the stream contains stones of various sizes along



with tiles and other random articles. The natural banl^s are of

earth supporting a strong growth of G!£cej^a_flui_tans at and 

above the normal water level. In addition to the dominant species, 

a number of other plants grow on the "banks. Glyceria is a semi- 

aquatic and whilst many of its leaves are above the water, the 

majority are to "be found, when the water-level is normal, trailing 

in the stream, floating or submerged. The truly aquatic macro- 

flora of the stream is sparse consisting mainly of widely- 

separated patches of aquatic mosses. The micro-flora,on which 

many simuliid larvae subsist was not examined in detail since 

S. ornatum is not selective in its feeding and is not apparently 

dependent on the micro-flora for its food supply.

Although the stream i» apparently free from any £ross pollu 

tion no species of fish v;ere seen during the period of observation.

Four months after the investigation was undertaken work on 

the laying of 3-feet trunk-sewer was begun along the valley of 

the stream. Operations continued throughout the year (l':3l) and 

proved a disturbing factor in two ways^ The first abnormality was 

caused by the pumping into the stream at irregular intervals 

throughout the year of considerable quantities of muddy drainage
M%

water from the trench dug to accommodate the sewer ripe. Exactly
 V

to what extent this water altered the chemical composition of the 

stream was not determined, but on the whole it did not appear to 

affect the larvae adversely. It was noted, however, that, the dense 

suspension of fine divided particles borne by the drainage water 

was deposited on/
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on simuliid pupae in their cctcoons and asphyxiated them. 

Disturbances of a more serious nature were caused "by the 

temporary alterations that were made in the course of the 

stream and "by the considerable trimming of the "banks and 

their vegetation. These disturbances resulted in a tre 

mendous mortality among the larvae at the time, but as they 

occurred before the summer generation of flies had laid 

their eggs.the effect on the density of the Simulium/* ^™ " ""~ " ^—••«•

population was not so great as was expected at the time.

The temperature of the stream varied between a minimum
o oof £• 5 C. and a maximum of 15«5 C. The temperatures were

usually taken between 11 a.m. and 12.30 p.m., and their

range along with the range of the air temperatures is shown
f 

in the accompanying graph. The temperature of the water

was found to respond rapidly to changes in the air 

temperatures from day to day. It should be noted that 

during the period of the investigation (Oct. 1930-April 

1932) the stream was never frozen over, though the air

temperatures at night on several occasions must have fallen
obelow 0 C.



Occurrence of Larvae Throughout the Year,

During the summer months (May-September) the majority of 

the larvae are found on the floating or submerged leaves of 

the Glyceria, though a few occur in small scattered groups on 

stones etc. in the "bed of the stream. In the winter after 

the Glyceria has died "back, the larvae are to he found in 

dense colonies on stones in the stream except for a few 

scattered individuals,which maintain a precarious foothold 

on such leaves as remain. The winter is passed in the larval 

stage only. It will "be most convenient in tracing the general 

movements of the larvae throughout the year to commence with 

overwintering forms on stones on the stream-bed, in the month 

of March. The majority of these larvae are full grown at 

this time and have the pupal histo"blasts developed in varying 

degrees. These larvae pupate throughout the last two weeks

of the month of April on the stones.on which they have
% " * 

passed the winter, though a few mature specimens may, along

with some of the small immature larvae, migrate to the leaves 

of the Glyceria which begin to grow a~bout this time and111 ' - ' n

pupate there. The imagines from these pupae emerge at the end 

of April and the "beginning of May and they ma" "be considered 

as the spring generation.

The imagines of the spring generation lay their eggs on 

Glyceria leaves in the usual way (page 13 ) f the period of 

laying/



"being spread over a time corresponding to that over which 

pupation was spread.

When the eggs of the spring generation hatch, the young 

larvae float downstream at the end of a thread spun from the 

salivary gland. The majority "become attached to the Glyceria 

leaves, though some settle on other substrata. Throughout the 

summer the normal larval habitat appears to be the submerged 

parts of the Glyceria, and while groups of larvae may occur on 

stones in the stream and on other available objects/

the total number of larvae contained in these groups is
^

few compared to those attached to the leaves of the Glyceria. 

The larvae hatched from the egers of the spring flies are ready 

to pupate about the first week of July. They -pupate where they 

find themselves, the greater number on Glyceria leaves and a 

few on stones in the stream. Development among the larvae is 

very uneven, probably due principally to variation in the 

amount of food obtained by the individuals concerned. Food is 

a very variable factor since the quantity of food available in 

the stream varies from one location to another, and there is 

considerable migration of the larvae from one location to 

another. The extent of this movement may be indicated by the

fact that if a suitable leaf or stone is completely cleared of
original

larvae and then returned to its_position it will be completelys\

repopulated in the course of 24-48 hours throughout the seasons
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when the larvae are at all abundant.

The first pupae from larvae of the srring imagines appear, 

as noted above, in the first week of July and pupation 

continues throughout the month. Large numbers of eggs from 

this summer generation were found at the end of July (1931) 

and the beginning of August (1031). The larvae which emerged 

from these eggs settled down in the same way as did those 

from the eggs laid in spring, the majority on the submerged 

i§ leaves. There was no well-marked third generation

in the summer of either 1930 or 1931: pupae occurred in 

fair numbers throughout the rest of the summer after the 

July brood had appeared, this being due to the irregular 

growth and development of the larvae. Fewer pupae occur in 

October, though eggs have been collected as late as the 14th 

(1930), During the winter months there is no regular 

pupation ̂ though it may be noted that a sufficiently extensive 

search revealed one or two pupae whenever such was made.

Throughout the summer the majority of the larvae of the 

various generations occur on the leaves of the Glyceria, 

trailing in the water at. the sides of the stream. Normally 

the Glyceri^feuspendsfective growth towards the end of October, 

and its subsequent decay forces the larvae to abandon the 

leaves and take up their winter quarters on the stones and 

other solid objects in the bed of the stream, where they pupate



in the spring. Should the Glyceria leaves persist into the

winter, the larvae continue to live on them "but in

continually decreasing numbers.



Uumber of G-ene rat ions,

As indicated above there are two main generations of adult 

flies duting the year, one in April and one in July, the 

latter "being prolonged throughout the remainder of the summer 

by a continuous emergence of °;°nsi numbers of imagines. The 

spring generation is fairly clearly defined "beginning in the 

last week of May. Only the commencement of the summer generation 

is distinct in the second or third week of July; throughout the 

rest of the summer there is a continuous emergence of flies, 

and it is impossible to say whether these are individuals hatched 

from eggs laid by the spring generation and retarded in their 

development or quickly maturing individuals from the eggs of 

the first-emerged imagines of the July brood of flies. That 

the rate of growth is not entirely dependent upon food supply, 

temperature etc. was shown by a group *f larvae that were 

hatched and reared for four weeks in the laboratory. These 

larvae all hatched on the same day and were placed in a tank 

suitable for rearing purposes. At the end of three weeks time 

the population of the tank was examined and larvae at various 

stages of growth were found to be present from 1st instars 

• 7mm long still bearing their "egg-bursters 11 to larger larvae 

of l«5mm length. The fact that different larvae are exposed 

to different feeding conditions in the stream is of course an 

important cause of variations in the time required to reach 

maturity. In consequence of this irregularity of development,



samples of larvae, which had been taken to gwage the density 

of the population contained individuals at all stages of growth 

save during the winter.when there was a gradual elimination of 

the smaller probably due in part to growth, and in part to an 

increasing mortality attributable to the poorer feeding during 

the winter months.

Consequent on this overlapping and irregular development 

it is difficult to reckon the time required to complete the life- 

cycle in nature. It is possible, however, to arrive at an 

approximate figure from the dates of the first and last observed 

pupae of the spring imagines and the first observed summer pupae. 

The first observed spring pupae were noted on the 16th April 

(in 1931) ; they were not newly formed and may have been up to 

one week old when found; the last observed spring pupae were 

noted as newly formed on the 30th April. The first observed 

summer pupae were noted on the 7th July. This gives a maximum 

observed pupa-to-pupa period of 13 weeks and a minimum of 10 

weeks at a period when the temperatures ranged from 9 C. to 

15.5 C. These figures may be compared with the 17$ weeks taken 

to complete the cycle / egg to adult, in the laboratory at temperatures 

ranging between 8°-lf>°C.

The life-cycle of hibernating larvae occupies from 6 to 

7 months (Oct-April) since the number of eggs laid after mid- 

September are quite insufficient to account for all the larvae 

that are found in the stream throughout the winter.



THE BGG-

Description,

The egg (Pig 2. ) is rounded triangular when viewed along

its shortest axis, ovoid when viewed along the other axes.

Its dimensions are .30mm x .17mm x ,16mm, with slight

variations in size and also in shape. Shell smooth and

relatively hard. Colour of the newly-laid egg white, tut after a

few hours changes to a clear "brown colour. Towards the end

of the incubation period, the egg assumes a grey to almost

"black tinge owing to the presence of the developing larva

wi thi n.

Oviposition.

The eggs are found in masses on submerged leaves of Glyceria 

fluitans and other plants that grow on the "banks of the stream 

inhabited by the larvae. They are embedded in a dense jelly 

secreted "by the ovipositing female fly and are laid without 

any definite orientation and there may "be several layers in 

one mass.

Oviposition was observed on one occasion only at 5 p.m.
the 

on August 1, 1931, whenAweather was warm. The situation was

on the shaded south side of the stream, where a fast eddy 

swept the bank on which Glyceria was growing. The leaves 

of Glyceria when fresh and healthy float on the roughest 

water supported by surface tension. Many of the leaves arise



Part of Egg Ivlass of S^ornatum on leaf 
of Glyceria fluitans. x8.

Egg mass of S.ornatuin on leaf x3



from the "bank above the level of the water, "but as they 

have only a slight rigidity they droop down and their tips 

trail in the water. The flies observed ovipositing were 

above the surface of the water though the leaves on which 

they were laying were in contact with it to a greater or 

lesser extent. They deposited their egg-masses on "both 

surfaces of the leaves, starting just where the leaf made con 

tact with the water. The presence of the egg-masses on the 

leaves not only weighed the leaves down, "but the jelly appeared 

to destroy the surface tension, so that the egg-laden leaf 

gradually sank and the ovipositing flies moved along the leaf 

away from the approaching water. The partly-immersed leaves 

reached a point, when they would sink no further, "by reason of 

the rigidity of their stalks. When this happened the flies 

left the leaf and passed to a fresh one. Several flies were 

observed ovipositing on both sides of a single leaf; several 

adjacent leaves were cemented together by masses of eggs. The 

eggs continued to occur from the end of July to the middle of 

October (1931) on submerged leaves. In many cases it was found 

that the tips of the long egg-bearing Glyceria leaves were free 

of eggs,which would tend to show that the ovipositing behaviour 

of the flies mentioned above was normal. All egg-masses were 

found in fast eddies. Occasionally egg-masses occurred well

above the water; these, however, were in a desfSeated condition 

and were probably laid during some temporary rise of the water
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above its normal level. Such eggs did not develop in the 

laboratory under any circumstances.

Dead and dying flies were occasionally found embedded 

in the egg masses; in some cases these flies had not laid 

their full complement of eggs and it appeared probable that 

they had "become entangled in the adhesive jelly of their own 

egg masses.

Development.

Eggs obtained fresh from ovipositing females took 5-6 days to 

incubate in the laboratory, at a temperature of about 16 C. in 

water aerated and kept in motion "by means of a jet of com 

pressed air. Eggs kept on wet "blotting paper and in a very 

moist atmosphere took a similar time to develop. The colour 

of the egg when laid is white, tut in the course of a few 

hours the shell assumes its normal "brown coloration. About 

the third day some differentiation of the contents of the 

egg is noticeable and the whole begins to appear rather more 

translucent. On the fourth day the egg becomes greyish in 

colour, and while the head is not yet clearly visible, the pink 

eyespots are apparent. The egg-burster may show as a black 

spot. On the fifth day the head and egg-burster can be clearly 

seen and the eye spots become darker; some of the more pre 

cocious outer eggs of the mass may hatch on the fifth day, but 

hatching is not general till the 6th day.
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It may "be noted that eggs that subsequently fail to 

develop can "be easily distinguished "by their opacity from

their healthy neighbours, after the 2nd or 3rd day.

Hatching-

When about to hatch an irregular crack appears in the egg 

shell at the "broader apex of the egg; the larval head is 

always addressed towards this crack, but it was not possible 

to determine* whether or not the so-called egg-"burster of the 

1st instar was actually used to make this crack. The larvae 

push themselves out of the egg, head first, leaving the empty 

"brown shell "behind in the mass of jelly.

Larvae hatching from eggs deep in the egg-mass may 

experience considerable difficulty in effecting their escape, 

but eventually they are successful and all float away down 

stream on a thread spun from the salivary gland. That it is 

normal for young larvae to leave the egg-mass is borne out by 

the fact that very few larvae other than first instars are 

found on the egg-masses, while it is quite common to find 

first instars among colonies of older larvae some distance from 

the nearest egg-masses.
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THg_LARVA._ 
SxternaTIForphology.

Throughout all its stages the larva of S. jjrnatum maintains 

the same general conformation. It will thus "be most 

convenient to describe the full-grown larva (fig. l).

Full-grown larva cylindrical about 8mm long (fig. 1) 

head well chitinised, three thoracic segments and 

nine abdominal segments. Body segments poorly 

chitinised and quite "soft 11 . Pro-thorax equipped 

with a mobile median proleg armed with a ring of 

hooks at its extremity; abdominal segment IX bears 

an incomplete ring of radially arranged rows of 

hooks on its posterior surface, the so-called 

"posterior sucker". General body colour greenish- 

grey, somewhat blotchy and distinctly paler on the 

ventral surface.

Head capsule •9mm Ions, «8mm broad and •7mm deep 

variable in colour from deep brown to almost 

complete transparency according to the thickness of 

the chitin composing it and with pigmented areas that 

are of taxonomic value. A pair of eye spots on each 

side of the head. Mouth antero-ventral; bounded 

anteriorly by the recurved labrum, laterally by the 

mandibles and the maxillae and ventrally by the hard 

chitinous mental plate, over which lies the slightly



protrusible hypopharynx with the opening of the 

salivary duct on its antero-dorsal surface, Dorsal 

to the mandibles "but latero-dorsal to the mouth on 

each side are the so-called "cephalic fans 11 , a pair 

of organs very characteristic of the genus Simulium, 

each with some 40-50 rakes on it. Antennet 5-jointed, 

dorso-laterally situated.

Thorax with three ill-defined segments conjoined 

to the head without an intervening neck. Individual 

segments most easily distinguished when the pupal 

histoblasts develop (fig.l) ( "broader than either the 

head or the abdominal segnentp that immediately follow. 

Anterior proleg conical, projecting antero-ventrally 

from the pro-thorax and meso-thorax and armed at

its distal flexible extremity with a ring of some 30
each 

radially arranged rows of 8 hooks^, No appendages on

either the meso-thorax or me ta-thorax, but the former 

involved in the base of the pro-thoracic proleg, 

Six pairs of thoracic histoblasts, two pairs to each 

segment (fig.l): first apparent as small white patches, 

but gradually increasing in size and finally, just 

prior to pupation, filling the subcuticular space 

entirely. Pro-thorax bearing laterally the histoblasts 

of the pupal respiratory filaments and ventro-laterally



on either side of the proleg those.of the pro-thoracic 

legs. Heso-thorax with the large flat histoblasts of 

the wings laterally and the legs ventro-laterally. The 

histoblasts of the halteres on the sides of the meta-thorax 

and those of the third pair of legs ventro-laterally. 

Abdomen rounded, "but segments IV-VIII considerably 

flattened in the living larva: segments I-III less wide 

than those of thorax, IV-VIII, progressively expanding 

and the last (IX) again narrowing. Segment IX smaller 

than any of its predecessors and sharply truncated at 

the posterior end; round its rim a series of radially 

arranged rows of outwardly projecting hooks forming the 

"posterior sucker", consisting of a series of 80 rows 

of a dozen hooks each, incomplete in the median line 

dbrsally. Anus on the dorsal surface of 

segment IV a median transverse slit through which pro 

trudes the three simple anal gills. 

All the histoblasts described above are white in colour and, 

with the exception of those of the pupal respiratory filaments, 

remain so till the last larval skin is cast, when they assume 

the general colour of the pupa. The pupal respiratory filaments 

gradually darken during the last larval stage until at ecdysis- 

when they are fully developed they are quite black. Normally 

the histoblasts are closely appressed to the body and are overlain



"by the general cuticle of the larva. Occasionally

abnormal specimens occur with some or all of the histoblasts

protruding from the surface of the larva. The pupal
thus 

respiratory filaments are most often.affected and may beA

found projecting to a varying extent. In an extreme case all 

the histoblasts were found in a protuberant condition. The 

cause of such abnormalities can at present only be surmised, 

but it would seem probable that there is a precocious 

development of the histoblasts in the penultimate larval 

stage, so that when the final moult occurs they 

expand, and the new larval cuticle is formed over them in an 

extruded condition.



Habits and Larval Food.

Save when moving from place to place the larva remains 

firmly attached to the substratum "by means of the "posterior 

sucker". That the term sucker is a misnomer for this organ 

of attachment has "been pointed out "by previous authors including 

Tonnoir t (l923, Puri (1925), Eora (1927), Wu, (1930). As none 

of these authors suggest a more fitting term it is perhaps ad 

visable to retain the name "sucker" since this loosely describes 

the function and appearance of the organ. Wu 1 s term "posterior 

disc" completely fails to describe either the function or the 

morphology of the organ. As pointed out by these authors, the 

"posterior sucker" is only used subsequent to the deposition of a 

quantity of the salivary secretion on the substratum,in which the 

hooks of the organ are enmeshed. Puri (loc.cit) describes a set 

of muscles,which are inserted in the centre of the "sucker";
(IflC , Pit.')

Tonnoir^implies that there are no muscles strong enough to enable 

the mechanism to act as a true sucker. Furi Clojx,jcit] suggests that 

the apparatus may function to a certain extent as a sucker when 

the interstices between the hooks are filled up with the salivary 

secretion; in support of this suggestion he submits the ob 

servation that the muscles attached to the centre of the disc 

may be seen to contract as the larva affixes itself. Hora (loc.cit) 

holds that these muscular contractions are solely concerned with 

the insertion and adjustment of the hooks of the "sucker" in the
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underlying mass of fibrous salivary secretion. Wu

has remarked that dead larvae often remain attached to the 

substratum, even in a strong current, by means of the 

"posterior sucker*^ which cannot possibly maintain its suc 

torial function after the intervention of death. Fy own ob 

servations lead me to the conclusion that the "posterior 

sucker" functions solely in virtue of its hooks. These hooks 

are all directed towards the periphery of the disc and the 

contraction of the muscles inserted in the centre of the disc 

probably determines the attachment or detachment of the larvae, 

as the case may be, to or from the network of silken fibres. 

If the posterior disc is conceived as a true sucker its working 

would likewise depend on the contraction of these same muscles, 

and this would tend to counteract the grip that the hooks 

exert. Again, it is doubtful whether the suctorial action 

developed by the contraction of the muscles of the disc could 

be of a strength sufficient to enable the larva to withstand 

the strong currents. to which it is at all time subject and 

maintain its position in security. All the evidence would 

thus indicate that the disc is an organ of affixation and not 

adhesion.

The methods adopted by the larva for locomotion over the 

substratum have been described by Tonnoir (Xpc^ciJtJ , Puri 

(loc.cit) and Kora (loc.cit). The motion is usually described 

as similar in many respects to the "looping" of a geometrid



larva. It is usually stated that the larva secretes a net 

work of silken fibres and after affixing the prothoracic 

proleg to this, deposits a further mass of silk contiguous 

with the first; the posterior sucker is then said to "be 

released from its anchorage and drawn forwards by looping 

the body alongside the proleg and affixed to the anterior 

silken network; the proleg is then released and the motion 

repeated. My own observations indicate that in performing 

the above looping movement the mouth-parts are employed to 

secure temporary fixation. The sequence of events is as 

follows:- First, the larva with its body lying along the 

substratum, secretes a mass of silken fibres to which it 

immediately affixes its proleg. Secondly, the larva deposits 

more salivary secretion around the first mass anteriorly and 

laterally to the proleg. Thirdly, the larva grasps the 

silken network with its mouth-parts, principally the maxillae, 

near the anchorage of the proleg. Fourthly, the posterior 

sucker releases its hold of the substratum and, by bending the 

body, the sucker is brought close up to the head and is affixed 

to the network that the proleg and mouth-parts are already 

holding. Finally, after carefully adjusting the "posterior 

sucker 11 on the new anchorage the larva releases its proleg and 

mouth-parts from the salivary mass and proceeds to repeat the

movement. The structure of the proleg is such that it would
for this proleg 

appear impossible by itselr to provide sufficient leverage



and stability during the looping movement in anything but 

still waters. The additional aid granted "by the mouth-parts 

would overcome this difficulty.

The larva is also able to crawl over the substratum 

without the use of the "posterior sucker". This motion is 

unusual and in my opinion only takes place when the larvae 

are placed in still water as in dishes in the laboratory. Silk 

is deposited and grasped by the mouth-parts. The proleg is 

then inserted in the network and the posterior sucker released. 

The larva then releases the mouth-parts and stretching forward 

deposits a second mass of silk. It then grasps this second 

mass with the mouth-parts, releases its proleg from the first 

mass and affixes it to the second. This hand-over-hand motion 

of the proleg and mouth-parts is repeated and the larva progresses 

with its body trailing out behind.

The larva moves through the water from place to place by
the 

floating down with^current at the end of a thread of salivary

secretion that it has affixed to the place it is vacating. 

Eventually the larva at the end of the thread or some part of 

the thread comes into contact with some obstacle to which the 

larva can attach itself directly or indirectly by crawling up 

the thread till it reaches the obstacle. This crawling up the 

thread is very similar to the "hand-over-hand'* crawling without 

the aid of posterior sucker described above. This movement at 

the end of a thread can, in the natural habitat, only take place



in a downstream direction and the selection of a new 

habitation must "be largely a matter of chance. It must however 

"be used "by the larvae to a considerable extend under natural 

conditions, since it would "be very difficult to account for 

the rapid repopulation of stones etc., cleared of larvae, "by 

"looping" and "crawling" alone, especially in cases where there 

are no great numbers of larvae in the immediate vicinity. It 

also appears to be used to a great extent in the initial 

distribution of the larvae. The eggs are usualy laid in a few 

suitable places, but one never finds very dense populations 

of young larva.e at these points, and the population is 

eventually evenly distributed at suitable points along the 

whole length of the stream.

The larvae lie with the body extended downstream. The 

angle at which the body is held depends on the strength of 

the current. In a strong current they lie almost prone to 

the surface. In still water they assume an almost erect 

position. In the posterior region, the ventral surface of the 

body faces towards the substratum, but when the animal is 

feeding the body is turned through an angle of 180 , so as to 

bring the dorsal surface of the thorax and head towards the 

surface on which the larva is standing. This torsion occurs 

entirely in the abdominal region and the result is to address 

the mouth, which is on the ventral surface of the head to the 

current for feeding purposes. The larvae often occur in such



numbers on a leaf or stone as to make frequent contact with 

each other ; but while two larvae may occasionally "be seen to 

grapple with one another they do not seem to"dislike" "being 

in close proximity to each other. Records of the density 

of colonies were not made "but the colonies of winter larvae 

on stones in the stream were certainly much denser than the 

colonies of summer larvae. In one winter colony the density 

averaged 40 larvae per square centimeter all "being over 4mm. 

long and 70^ "being over 6mm. It is difficult to observe the 

positions occupied by the larvae in these overwintering 

colonies since they are mostly on the undersurfaces of tiles 

and other obstacles in the stream, but the above figure gives 

some indication of the crowding since the average diameter 

of the larvae in these colonies^s about ,12cm. The summer 

larvae are more scattered over the various suitable leaves 

of aquatic plants and, while in some cases dense colonies 

may occur, their density never approaches that of the over 

wintering larval colonies though the total larval population 

of the stream is probably greater during the summer than 

during the winter.

The flow of water appears to be the most important 

factor in the physical environment of the larvae. In the 

absence of a current in aquaria the larvae are positively 

phototropic, but immediately a current is produced in the 

water, the larvae take up positions in it apparently regard-
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less of the incidence of the light. In this connection 

it must .however."be noted that overwintering larvae tend to 

form dense colonies on the under and more protected surfaces 

of stones etc, , where there must be "both less light and 

certainly less than the maximum current at that point of 

the stream.

The larvae of S._ornatum were never found in very 

turbulent waters though they occurred in the fastest steady 

currents to be found in the stream. Here the rate of the 

current was about 2 feet per. sec. The rate of the slowest 

current, in which thriving colonies of larvae occurred was 

about • 75 feet per sec., though occasionally specimens would 

be found in almost still waters. Wu (1931) has advanced the 

opinion that the larvae inhabit fast-flowing parts of the 

stream for the purpose of obtaining food and not ; a? has 

previously been the usual view in order to obtain a sufficiency 

of dissolved oxygen. It has not been possible to duplicate 

Wu 1 s experiments, but it has been found that given a plentiful 

supply of food, larvae can be reared from egg to pupa and 

imago in a steady current of just over »5 ft. per sec. 

(See Rearing Sxpts. page j] ).

Pood is collected from the passing water by means of 

the cephalic fans and mouth-parts. The movements made in 

feeding are extremely rapid and are somewhat difficult to 

follow. The larva assumes the position noted above with the
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"body twisted so as to "bring the mouth to the side away 

from the substratum. The two cephalic fans are opened and 

closed at irregular intervals, and while they usually 

close alternately this is not invariable. During the 

"brief period that the fan is closed the collected food 

appears to be removed by the mandible of the side correspond 

ing to the closed fan. The fan immediately reopens and 

the mouth parts may be observed to be performing ttmasticatory l! 

movements while both fans are extended. It is difficult 

to determine whether the cephalic fan collects the food 

while it is open. i.e. acting as a passive sieves or 

whether it is collected by the active combing of the fan 

as it closes. If, however, it were the latter the fans 

might be expected to close alternately and at regular 

intervals.and the fact that they do not do so would indicate 

that the food is collected by the open fan and that the fan 

is closed solely for the removal of food accumulated on it. 

This mode of feeding is customary of the larva throughout 

all its stages. Occasionally larvae are to be seen in the 

laboratory picking up and consuming debris on the bottom 

of the rearing vessel containing them. IThen doing this 

the cephalic fans are closedjand the maxillae and mandibles 

seem to be the organs used. It may be,however, that this 

is an abnormal method of feeding, to wr.ich larvae resort 

when starved through lack of food in environments,where



food-carrying currents are deficient or absent.

The larvae of S. ornatum are not selective in their 

feeding. The maximum and minimum size of food particles 

acceptable to the larvae was not determined, "but they appear 

to eat all that they can collect^ even small pieces of grit 

"being of common occurrence in the alimentary canal of 

specimens taken from the stream. The greater part of the gut 

contents of larvae collected in the stream appeared to "be 

organic debris, the precise nature of which it was not possible 

to determine. Algae ; including diatoms and desmids^were 

present though never in any quantity. The presence 

of skeletal parts of smal 1 arthropods indicates an omnivftrous 

diet f and in one specimen a small simuliicf larva of about 

1mm, length was found in the gut of a larva of 6mm. length. 

Last-stage larvae kept in the laboratory in a tank were found 

to "be feeding on first instars hatching from an egg-mass in 

the same tank,and the food canals of the full grown larvae 

were completely filled with the young ones; it must, however, 

"be noted that there was little other food present in the tank. 

In the course of rearing experiments it was found that the 

larvae could "be successfully reared from egg to adult on a 

diet that was almost exclusively vegetarian. (See Rearing 

Expts. page 35 ). Under laboratory conditions, starved 

larvae became very restless and travelled over the substratum 

or left it altogether in search of some new foothold. They



will even leave the part of the vessel, in which the current 

is flowing, and this "behaviour may perhaps "be considered 

as lending further support to Wu 1 s suggestion that the 

larvae inhabit currents primarily for feeding purposes.



Number of Larval Stages,

Edwards (1921) gives the number of larval stages in 

S. latipes as six though he has not indicated the exact 

methods used in determining this number. Cameron (1922) 

by comparative measurements of the posterior suckers of 

moulted skins collected from substrata determined the number 

as 6 for S, simule. Baronov (1927) working on several 

Serbian species including S. ornatum found that there were 

6 larval stages.

The simple apparatus described by Puri (log. ci.t) for 

rearing simuliid larvae successfully was found to be of no 

use for rearing S. ornatum. That eventually used in this 

investigation did not permit the following of the development 

of individual larvae,since they were continually moving from 

place to p;Lace. It is of course possible that the species 

Puri dealt with was more sedentary in its habits than S._ ornatum. 

It was not possible to check the individual stages among larvae 

in the rearing apparatus since growth and moulting appeared 

to be very irregular even among a population where the 

conditions were the same for all. Such a population hatched 

from a single batch of eggs was found at the end of three 

weeks to contain some larvae which had not undergone their 

first ecdysis («7mm in length). Others, ae-ain, had attained 

a length of !• 5mm and must have undergone several moults.



Between these extremes there were many intermediate 

specimens.

An attempt to arrive at a definite conclusion of the 

number of ins tars "by means of measurements of particular 

parts of larvae collected from the stream after the method 

of Dyar (1890) proved a failure. The part chosen for 

measurement was the densely chitinised mental plate since 

this might "be expected to "be of fairly constant size for any 

particular stadium. It was found, however, that variations 

in the dimensions of the mentum of a small series of final- 

stage larvae were greater than those of the penultimate and 

final instars. Indeed the sizes of the mental plates of the 

two overlapped. Thus on the "basis of such measurements it 

would "be impossible to separate definitely, successive larval 

stages from each other.

By following the metamorphosis of individual larvae 

in the laboratory first, second and in a few cases, third 

stage larvae were recognised and differentiated as likewise 

were the penultimate and final stages. There appears to "be 

some evidence that more than one stadium intervenes "between 

the third and the penultimate larval stages.
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Be a r1ng gxperiment s f

As mentioned above the apparatus described "by Puri, 

(1925) for rearing S^_aureum and S. erythrocephalurn failed 

to give satisfactory results in our experiments with 

S. ornatum. Puri (loc^ cit) used inverted hell-jars of

about 40cm. in depth hy 40cin. in width , containing rain 

water with an algal growth in it. Air was constantly 

bubbled through this water and Puri concluded that "constant 

aeration and plenty »*f food are all that are essential for 

the growth of these larvae". Unfortunately Puri gave no 

indication of the number of larvae in each tank nor the 

number of larvae that were successfully reared to the adult 

stage as compared with the number of 1st instars with which 

he presumably began his experiments. In the case of 

S^_ornatum it was found that larvae of various sizes taken 

from the stream lived for some time in such vessels; but 

there was a progressive mortality among them throughout the 

duration of their captivity, Hewly-hatched larvae died, and 

very few survived to the second ecdysis. Vessels of smaller 

width and depth were tried in place of the unsatisfactory 

bell jars, and at the same time various types of jets for 

the release of the compressed air into the water were tested ; 

along with various media consisting of rain, tap and 

stream water. These experiments were also without result,



except in one case where a single larva out of an initial 

population of a"bout 50 1st instars survived for 4J- months

during the winter of 1930-1 in a narrow vessel with dimensions

of 5^-x2^-x9in, containing stream water that was periodically
with compressed air delivered 

changed and aerated through a porous wood plug. This larva

hatched on the 28th Oct. 1930 and died immediately subsequent 

to an ecdysis on the 14th March 1931.its length at death
Jh

"being 5mm.

Shallow vessels proved useless, "but a narrow and 

relatively deep vessel provided with an air jet was found to 

"be satisfactory for keeping larvae alive for short periods. 

Mature larvae successfully pupated in this apparatus and 

emerged as apparently normal imagines with a mortality of less 

than 5$ among the pupae formed in the jars. For such work

it was found immaterial whether rain, tap or stream water
through 

was used; an air supply delivered A a porous wood plug was

found to "be the most satisfactory.

An attempt was made to use a large volume of water con 

taining suspended food particles and to circulate this water 

through a vessel suitable to the larvae. This method gave 

negative results "because the water with its high algal and

organic content "became stale in the course of a few days,
to the action of 

pro"ba"bly owing A the pump employed to effect the circulation.

The pump was of the oavdm& gear wheel pattern and was



Photograph of Apparatus for rearing 

Si muli urn Larvae, taken while in 

operation, x 1/3.
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specially fitted with "bushes of lignum,, vitae and gun-metal 

parts to avoid metallic or oil contamination of the water. 

so that the effect of its action on the water was probably 

purely mechanical.

Experience of the various methods described above led 

one to the conclusion that the following essential factors 

had to "be secured in designing an apparatus for rearing 

S. ornatum from egg to imago in the laboratory>(i) a relatively 

large volume of water containing a satisfactory food-supply 

must "be used: (ii) a restricted area of flowing water at 

some point in the vessel to provide a suitable current for 

habitation by the larvaej (iii) production of a current by 

gentle means in centra-distinction to the violent action of 

a pump: (iv) high degree of aeration of the water.

Contemplation of the above essentials led to the designing 

of the apparatus shown in operation in the accompanying 

photograph and diagramatically represented in fig. IS. 

The chief and apparently only drawback to the apparatus was 

the difficulty experienced in making accurate observations 

of the contained larvae in consequence of the tendency of the 

three glass surfaces exposed to the water to become covered by 

a dirty film. The apparatus consists of a large glass cylinder 

containing water with algal food suspended in it. Submerged 

in the water is a large-bore glass tube (l.b.t) up which the



Photograph to show larvae in the wide "bore

tu"be of rearing apparatus in the region of

the air Jet. x 1.



water is induced to circulate by means of compressed air 

released from a jet (j.t,) introduced at the lower end of the 

tube. This also serves to aerate the water. The cylinders 

were 20 in. high with an internal diameter of 5 in. and 

containedjWhen in use^about 6 iitres water; the wide bore 

glass tubes used were 1*2 cm. in internal diameter. This size 

of tube was adopted after a few experiments as being the one 

in which the most suitable current could be produced. The 

length of the tube varied, but this appeared to be 

immaterial provided the opening at the bottom was kept clear 

of the debris that eventually accumulated there^ and the open 

end at the top was sufficiently submerged to ensure effective 

circulation of the water up the tube. The tube used to 

introduce the compressed air into the system and from which the 

jet was formed was of 4 mm. external diameter, the actual jet 

being drawn out and slightly slanted so as to bring the stream 

of air bubbles against the wall of the wide-bore tube. The 

whole system of tubes was held firmly together by means of 

rubber bandstand pieces of rubber tubing were slipped over 

those parts, susceptible to injury, which seemed to require

protection.

The cylinders were first filled with tar water and an algal 

flora introduced by the addition of a snail quantity (about 

250cc) of water fin which there was a dense algal flora. This



addition tinged the water in the cylinder green and all that 

was subsequently necessary was to add more

food when the green tinge "began to disappear. When this 

occurred some of the water in the cylinder was removed and 

replaced "by an equal, amount of water containing the algal culture. 

The consumption of food varied according to the numbers and 

size of the larvae in the various cylinders and the replenishing 

of the food supply was a matter of personal judgment. It was 

necessary that the jet should deliver a considerable and steady 

quantity of air as it was found "by experience that any hut a 

momentary interruption of the air-supply would upset the 

conditions in the cylinder to such an extent as to cause results 

fatal to the larval population.

When newly hatched larve were introduced into such an 

apparatus all except a few individuals congregated in a dense 

crowd on the wall of the cylinder, where the current of water 

and air "bubbles ascending the wide-bore tube struck most 

strongly. A few became established on the rim of the upper 

end of the tube. In these two situations the larvae underwent 

their first ecdysis .following which a migration took place. 

The larvae left their original stances and gathered in a dense 

mass on the rim and inner surface of the bottom of the tube. 

Exactly how the larvae travelled from the one location to the 

other was not observed, but it would seem likely that if they 

left the top of the cylinder at the end of a silk thread they



as 
would eventually descend to the foot of the cylinder, and^they
"began to pass up the wide-tore tube on the current the threads 

would catch on the lower edge of the tube and so bring the 

larvae to rest there.

From the "bottom of the tube the larvae as they grew moved 

upwards to various points on its inner surface or on the surface 

of that part of the air-tube that was within the wide-tore tube. 

Save when accidentally swept out or induced to leave by reason 

of starvation, the larvae remained within the wide-bore tube 

and eventually pupated there. The larvae did not remain 

stationary in the tube but moved from place to place, a fact 

which renders continuous observations of individuals impossible. 

The positions in the wide-bore tube favoured by the larvae varied. 

In one cylinder the majority of the larvae remained above the 

air jet while in another they were mostly below it. Except 

that the second cylinder contained a larger population than the 

first there was no appreciable difference between the two 

cylinders. Pupae appeared in the first cylinder about three 

weeks before those of the second cylinder. The imagines emerged 

in the usual way (see Pupae).

The apparatus described above was first employed at the 

beginning of August 1931 to rear first instars hatched from eggs 

laid by the summer brood of flies. An unfortunate breakdown in 

the compressed air supply occurred at the end of the month, 

which caused all the larvae to leave the wide tube in search of a



new current. They wandered into the outer cylinder^where the 

majority died. One or two individuals.which survived till 

the air supply was restarted failed to re-establish themselves 

in the tube. A fresh supply of eggs was, however, obtained^ 

and the apparatus set going again with first-instar larv&eon 

August 31, 1931. These larvae throve^and pupation began on 

December 12th, 1931, The larvae by reason of unequal develop 

ment did not all pupate at the same time and pupation continued 

until March 28, 1932. The pupal period of these reared larvae 

was from 9»25 to 11*50 days and the mortality among the 

pupae was about 1($ of the pupae developed.

The chief mortality in the population of the cylinders 

occurred among the very young stages. Four cylinders were 

in operation in the autumn and winter 1931-2, and all gave 

satisfactory results. While accurate observations are not 

easily made in this apparatus, it is possible to dislodge the 

larvae in the tube with a glass rod or other suitable 

implement and to collect them as they pass up to the surface 

with the current. Dislodged larvae less than half grown seem 

to find difficulty in regaining the inner surface of the 

wide-bore tube and reestablishing themselves there. T,7ith 

such small larvae the results of dislodgement were usually fatal. 

Older larvae if dislodged or removed and placed in the outer 

cylinder may contrive to reestablish themselves in the inner 

tube, since they can exrlore more ground than the younger ones



and consequently have a greater chance of finding the "bottom 

of the wide-TDore tu"be, which they then enter.



PARASITES.

The parasites of the larval stages of Simulium apnear to 

have teen first dealt with in detail "by Strickland (1911 & 

1913). Strickland (1911) described a mermithid worm in the 

abdominal cavity and a microsporidian of the genus Glugea, 

for v/hich he proposed the specific name of polymorpha. 

Previous to Strickland 1 s work Leger (1897) had described a 

snecies G, yarians from Prance as occurring in S.^ qrimtum. 

In a subseauent paper Strickland (1913) gives further details 

of the protozoan parasites which he found in simuliid larvae 

in the neighbourhood of Boston (U.S.A.)* The species of larvae 

which he dealt with were S. bracteatum, S. vittatum and 

§•. ^rtipes. He discarded the species Gr. _ polymprpha breaking 

it up into three, G ._ bra c_t.e_ata , G._ fii£ata. and G. _ multispora, 

which he apparently regards as distinct from G .__ vari^ans^ of 

Leger. Strickland also described another protozoal infection 

of the larvae.which he supposed to be due to a gregarine. 

Lutz and Splendore (1904) described various glugeids from

and S. ochraceum from Brazil, which they (1908)

regarded as varieties of one species - Plistophora simulii.

Debaisieux (1919) described the various protozoal 

infections of Simulium. He appears to have obtained all his 

material from one locality; the species v.ras S. maculata 

though he admit. s that there may have been an atirixture



Classification and Nomenclature of the Protozoan Parasite.

Phylum. Protozoa.
Order. Microsporidiidae.
Class. Cnidosporididae.
Family. Nosematidae.
Genera. Thelohania and Plistophora.

Su"b-order. Haplodsporidia.
Genus. Serumsnoridium.

nomenclature of Species of Thelohania.

Leger 
(1897)

Strickland Strickland 
(1913)

DeTsaisieux 
(1919a)

DeTD.& Gastaldi 
(1919)

G.varians G.polymorpha
G.bracteata
G.fihrata
G.multis^ora

T.varians
T.tracteata 
T.fi^rata
T»multiST>ora

Nomenclature of S-necies of Plistophora

P. simulii (lutz *- STnlenclore 1908)

Nomenclature of S-nec.ies of

Strickland 
(1°13)

'Gregarino 1 '

Detaisieux 9 
(19191))

Coelor.ycidium simulii

Holler 
(19PO)

Serums poridiun nelusinae



of other species. Debaisieux's first species is 

Thelohania varians. This he regards as identical with 

Leger 1 s G. varians and Strickland 1 s ^^ol^mor^ha. When 

writing his paper Debaisieux did not have Strickland's 

second paper "before him and when he did finally get access 

to this paper he and Gastaldi (1919) decided "de reprenclre 

1'etude de nos preparations en tenant compte des ide'es de 

Strickland". The result of this was that they immediately 

split their single species T. varians into the three species 

of Strickland viz. T^jnmlt^srora, T. fibrata and T. braeteata 

"but transferred them to the genus Thelohania.. Debaisieux and 

Gastaldi (1919) also described Plistpj2hora_£jLmuli_i in detail. 

Strickland 1 s gregarine was described by Debaisieux
V

(I919b) and to it he gave the name Coelomycidium simulii n.g.,' 

n,sp. This parasite was also the subject of a paper by UOller 

(1919). He described the organism under the name of 

S erumspor idiurn me1usinae, its host being S. reptans. Hftller 

regards this species as similar to Strickland 1 s gregarine and 

Debaisieux 1 s G^ simulii.

The nomenclature of these protozoan -parasites is shown in 

the accompanying scheme.which also represents the classification 

according to Wenyon (1926).

In the course of the present investigation three rvrasites 

have "been found in larvae of S._ornatum. The~e are (i) a 

Herir-' thid worm. (ii). Two protozoa identifiable reflectively as 

a species of Thelohania and of Serumsnoridium. While a



considerable number of parasitised larvae was collected and 

preserved, the parasites were not studied in detail as this 

would have entailed the complete subordination of the rest of 

the investigation. Observations were however made to ascertain 

the effects of the various parasites on the hosts viewed as 

individuals and as a population.

Strickland observed that the results of parasitism on the 

larvae of Simulium were; - 1. increase in the size of the larva, 

ii. slight abnormality in the coloration of the larva, iii. 

non-development of the gonads, iv. inhibition of the growth of 

the histoblasts and consequent failure to pupate, and v. death of 

the infected larva.

The three parasites are dealt with separately below. It 

must be noted that in the case of all three only the advanced 

stages of the parasites are capable of detection without recourse 

to serial sectioning. Under these circumstances in preparing 

statistics referring to the numbers of parasitised larvae only 

those visibly showing parasitism were counted as parasitised. 

Percentages were calculated on the basis of the numbers of 

larger sized larvae capable of showing advanced infection,if it 

were present ; since complete serial sectioning of all larvae in a 

population sample was impracticable. Such "young stages" of the 

parasites as were discovered occurred in some of the smaller 

larvae f that had been sectioned for hist-'logical examination -and 

were incidentally found to harbour naraeites.
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Mermithid Worm.

As noted above this parasite was only easily detectable in 

an advanced stage of its growth, in the "body cavity of the 

simuliid larva and when it was ready to emerge from its host.

In the majority of parasitised larvae only one worm is 

present of atout 25mm. long. Where two or more worms are 

present each is smaller, namely, 15-20mm; the maximum number 

found in one larva was four. The worm moves freely in the 

body cavity of the host. Usually the greater part of the 

parasite is coiled up in the postero-ventral region of the larval 

abdomen with one of its extremities extended anteriorly into 

the abdomen and even into the thorax, proleg and head. When 

the worm has attained its final stage of development within the 

body of the larva,it passes into the surrounding water by 

perforating the body wall of the host usually at the outer margin 

of the "posterior sucker". The host dies after the emergence 

of the worm presumably owing to the escape of blood through the 

ruptured integument. In the laboratory worms that had emerged 

from larvae were placed in water, where they lived for three 

months; they underwent an ecdysis after about one month but 

showed no sign of reproductive activity. No nematodes were seen 

in the stream that could be associated with the life-cycle of 

the parasitic species.

The mermithid appears twice in the co ir.se of the year,
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and it is therefore probable that its life cycle is repeated 

twice during the year. They occur first in July and late June 

in the larvae that will give rise to the summer generation of 

flies, just when the most advanced of these are beginning to 

pupate. The extent of infection at this period (in 1931) is 5%. 

From the end of July till the autumn there were no signs of the 

mature worms. From observations made in the autumn of 1930 and 

1931 it was shown that there were interesting differences in the 

occurrence of the parasite in these two years. In 1930 mature 

worms were found in October in larvae on the leaves of glyceria. 

The extent of parasitism was about 21^, though it seemed as if the 

maximum infection was over before the observations were commenced. 

At the beginning of November the Glyceria leaves decayed, and 

the larvae migrated to their winter quarters on the stones in 

the bed of the stream; no mermis was observed after this 

migration had taken place. In the autumn of 1 Q 31 the glyceria 

leaves persisted in several places through the winter. While 

these leaves provided a foothold for many larvae throughout the 

winter, several migrated to the stones before the normal time^ 

because of disturbance due to the trimming of the banks in the 

early summer. In autumn 1931 mermis did not appear till November 

and the parasite was recovered from larvae collected both on the 

vegetation on the banks and on the stones in the stream bed. The 

worms continued to occur till the beginning of January 193?, the



peak of infection "being in the middle of November when 

of a sample of larvae 7-8mm. long was found to "be parasitised. 

In spite of these differences in the occurrence of the parasite 

in the two years noted it seems certain that the worm has two 

generations corresponding to the spring and summa-r generations of 

ihe larvae.

Iffy observations on this parasite agree with those of 

Strickland except as regards its effect on the size of the larvae. 

In many cases worms were noted emerging from larvae that were 

definitely smaller than fully developed normal individuals though 

occasionally a very active worm about to emerge coiled itself 

in such a manner as to distend the abdomen and give a false im 

pression of excessive size. In the host there is a complete 

absence of fat body. The larva is thus rendered somewhat 

transparent and this accounts for any slight changes in the 

colour of the integument that may be observed. The gonads are 

very much reduced and in sections of parsitised larvae no trace 

of these could be detected. The digestive and other organs do 

not appear to be affected. The development of the pupal 

histoblasts is inhibited as described by Strickland. Ho pupa 

was found that contained nematodes, but a single fly which was 

collected with other ovipositing females on July 31, 1931 was 

found on being sectioned to contain a nematode in its abdomen. 

This fly had not been critically examined externally and was



taken to be a "spent 11 female. It contained no trace of 

gonads but it is not possible from the sections to say whether 

it was externally of normal appearance or otherwise.

In one case a small larva of 2» 75mm. length taken in 

Hovember 1931 was sectioned for histological study and was 

found to contain a nematode. The worm occupied the same 

position and about as much space relatively as did the mature 

worms in larger larvae. No other stages of the parasite were 

found^and the method of transmission with the information to 

hand must remain a matter of conjecture.



Thelohania sp.

This parasite is very noticeable in its advanced stages; 

incipient infections of the larvae cannot "be detected by 

external examination, "but only "by the study of serial sections. 
It replaces the fat-body and in the advanced stages forms "bulging 

white masses in the abdominal regionsjwhere it causes an 

asymmetry "by distending the "body wall more on one side than on 

the other. Eventually the "body wall is ruptured causing the 

death of the larva and the spores of the parasite escape into the 
surrounding water.

When not fully developed the parasite may "be easily confused 
with the masses of the fat-"body, and occasionally, larvae which 
were thought to "be parasitised were sectioned when the supposed 
parasite was shown "by microscopic examination to "be normal fat- 
body. In consequence of this diagnostic difficulty it was 

possible to make counts of larvae showing only the advanced 

stages of the parasite and to calculate the percentage infection 

only of the larger larvae of the sample collected at any one time.

The parasite is present at all time throughout the :? ear 

when fully grown or nearly mature larvae are to be found. The 
highest percentage infection recorded was 12^. This occurred in 
October 1930 when the larvae were still on the Glyceria leaves 

on the banks of the stream. After the larvae had left the leaves 
for the stones in the stream-bed the degree of infection fell



suddenly to less than 1%. In autumn 1931 there was no 

sudden migration and the decrease in the infection was not 

so marked. The maximum recorded in early autumn was 8f0 and 

samples taken throughout the winter till April 1932 showed a 

2-3^ infection. During the summer months the percentage among 

the larger larvae varied from 2-5^.

Infection with Thelohania occurred in two of the rearing 

cylinders among larvae reared from eggs. In one case 2 larvae 

out of 40 and in the other 1 in 7 were infected. This seems 

to indicate that infection had taken place at a very early 

stage in larval life. The only water added to the cylinders 

that could possibly have contained spores was a small quantity 

in which the first-stage larvae were transferred from the tank 

in which they were hatched to the cylinder. It appears probable 

that spores were present on the egg-masses^and the 1st stage 

larvae became infected during the first few hours of their 

existence. The possibility of hereditary transmission must not 

be overlooked. In this connection it may be noted that a single 

female captured along with other females and males on a willow 

tree on Aug. 6 , 1931 was found infected with an organism re 

sembling the larval infection by Thelohania. In this case there 

was no trace of any ovarian tissue^and judging from the extent of 

the infection it is doubtful if the abdomen could have 

accommodated both eggs and parasite, Debaisieux (1919a & b) 

thinks that the mode of infection is oral but offers no



experimental evidence to support this opinion.
the 

The presence of parasite is fatal to the larva. The

growth of the pupal histoblasts is inhibited as was noted "by 

Strickland fbut there is no increase in the size of the host and 

the integumentary coloration remains normal. The gut and other 

organs do not appear to "be affected by the parasite except that 

the fat-body is completely absent. The gonads in both sexes 

are present^but the degree of development varies;in some larvae 

they are considerably reduced in size. Death is caused by the 

loss of body-fluids through the rupture caused by the exit of 

the parasite.



Serumsporidium sp.

Like Thelohania this parasite is only capable of detection 

by the naked eye in its more advanced stages in the larger larvae. 

Like Thelohania it occurs in this condition throughout the year 

whenever fully-grown larvae are found, and the extent of infection 

fluctuates in the same way. The maximum infection recorded was 

5% in the early autumn of 1930, while in the spring of 1S31 cases 

of infection were very rare, less than 1$.

The infected larva hasaireddish-brown tinge instead of the 

normal olive-green tone.and the whole body appears to be filled 

vith white spheres 35-80u in diameter. Sectioning shows these 

to be multi-nucleate plasmodia all of approximately the same stage 

of development in any one larva and occurring in all parts of the 

haemocoefce. The parasite escapes through a rupture in the body 

wall of the host larva ;which succumbs to the injury. The further 

history of the parasite was not followed. The effects of 

parasitism are similar to those occurring in Thelohania, a 

retardation of the development of the histoblastsand a variable 

reduction of the gonads ; which may be discernible only with great 

difficulty. In one larva.of which serial sections were prepared^ 

a very curious condition was found. The gonad (testis) had 

undergone precocious development and had grown to a length of 260u. 

It was filled with cells that had every appearance of fully formed



Thelohania. s p o ri di urn,

Transverse section of Simuliuu] larva 

to shov; double infection with Thelo-

-hania and Serumsporidiurn. x 50.



spermatozoa, although spermatogenesis does not normally occur 

till the pupal stage is reached.

In one specimen a double infection of Thelohania and 

Serum sporidium was found, a transverse section of this
'\^S

specimen is shown in the accompanying photomicrograph.

Other Infections.

In some sections cut for hi st<" logical examination bodies 

resembling protozoan parasites were found in the erithelium of 

the fore gut*. These bodies were multi nucleate and had a tendency 

to bulge into the haemocoele of the larva. A cyst-like 

structure was also found in two specimens in the abdominal 

cavity. The core of this cyst has the appearance of a protozoan 

mass.

Other Larval Enemies.

The stream appears to be devoid of fish. Throughout the 

period of the investigation large numbers of ephernerid nymphs 

have been present in tie stream and these have been observed 

attacking the simuliid larvae in the laboratory. The latter 

are, however, able to repel these attacks to a great extent by 

active movements of their bodies and also by striking at tie 

attackers with their heads.

On several occasions egg masses of the Simulium collected 

in the stream were found to contain lar^e numbers of Chironomid



eggs. These hatched about the sane time as the simuliid eggs. 

and when the two kinds of larvae v/ere left together, the 

Chironomids attacked and killed the latter and throve at their 

expense.



Internal Morphology.

The gut is a simple tubular structure, with a single loop 

in the region of the hind-gut which, like the fere-gut, is 

clearly demarcated from the nid-gut. There are four gastric 

caeca and two pairs of Ealpighian tubules. The salivary glands 

are well developed and open "by a common dunt on the antero- 

dorsal surface of the hypopharynx. On the dorsal surface of 

the "buccal cavity are two other rocket-like glands the so-called 

"dorsal" or "pharvngeal" glands, (dgj. The tracheal system 

is apneustic, the larva Toeing tru ly aauatic. The nervous 

system consists of the usual pair of supra-oesophageal ganglia, 

sub-flesophageal ganglion, three thoracic ganglia and 8 a"bdomin»-l 

ganglia, the posterior three of the last category teing 

contiguous. The gonads lie in the dorsal ioart of the 6th 

abdominal segment. The fat-tody is generally districuted through 

the haemocoele.



The Gut,

The general outline of the gut is indicated in fig 

while the anterior part of it is shown in section in fig r . 

which shows its relationship to the other organs of the head 

and thoracic regions. The mouth leads into the oesophagus foes). 

which in turn passes into the proventriculus (-pro). Posterior 

to the proventriculus the mid-gut "bears four gastric caecae 

(gca) ; two dorso-lateral and two ventro-lateral in position. The 

proventriculus itself lies in the 1st thoracic segment,while the 

caecar are in the 2nd thoracic segment. The mid-gut passes as 

a wide tube to the 6th abdominal segment: here it is constricted 

and joined to the hind-gut, where the four Malphigian tubules 

(Mt) enter in two pairs, each by a common duct on either side 

of the alimentary tract. The hind-gut, which is looped once 

on itself to the right hand side, passes to the anus, where the 

three simple anal gills (ag) are found on its ventral wall.

The mouth bounded by the various mouth-parts is situated 

on the antero-ventral surface of the head. It leads directly 

to the oesophagus. The roof of the mouth like the anterior part 

of the oesophagus and the labrum fib) is covered with retrorse 

bristles; the floor of the mouth formed of the hypopharynx (hyp) 

is smooth and devoid of bristles. On the roof of the mouth at 

the base of the labrum as situated a pair of gland-like 

structures, the "dorsal 11 or "pharyngeal" glands (n/z). Strickland



Dorsal Gland in the Simuliurc Larva 

Longitudinal Section to show the

x 300.



(1911) is of the opinion that these glands pour their 

secretion over the "bristles in the mouth.which serves to 

entangle the food and facilitate its passage down the 

oesophagus. Puri (1925) failed to find an orifice by which 

the glands could empty their secretion to the outside. Further 

he did not detect any secretion and dismissed them with the 

suggestion that they were pro"ba"bly homologous with the 

"glandes mandibulaires" of Sciara described by Keilin (1913). 

These latter glands, however, do communicate with the exterior 

by means of an aperture. That these "dorsal" glancs have an 

opening is demonstrated by the accompanying photomicrograph. 

This:;,opening is so minute that the term pore is probably more 

applicable to it than any other. The pore measures »5p. 

acrossjand that from each gland runs obliauely towards the 

middle line. The glands are lined by a layer of columnar 

epithelial cells set on a basement membrane. The epithelial 

cells bulge slightly into the cavity of the gland, which usually 

appears, in sections, to contain a coagulated material. They 

stain readily and whilst their cytoplasm usually has a granular
A

appearance it often shows traces of minute vacuoles. The nucleus 

of each cell lies in the basal half of the cytoplasm and contains 

a prominent nucleolus.

The oesophageal wall consists of two layers. The outer is 

muscular, the inner epithelial.of which the cells secrote the
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thin chitinous intiina that lines the whole length of the 

oesophagus. These two layers are not contiguous throughout 

the length of the foregut,and in many places a vascular space 

intervenes "between them. The inner epithelium, which is 

formed, of large cells, is thrown into a series of three 

double longitudinal folds throughout its entire length. 

These folds are seen in their simplest form in that portion 

of the oesojsfeagus, which is included in the oesophageal valve, 

(fig. 7. ). Here there is a dorsal and two lateral ridges 

all of about the same size. Passing forward the oesophagus 

"becomes rectangular in shape as in fig. S , , which represents 

a section in the region of the lateral connectives .joining 

the supra-oesophageal and the sub-oesophageal ganglia.

At this point there is a marked increase in the relative size 

of the ventral cleft as compared with the two dorso-lateral 

clefts, and large "blood sinuses occur "between the epithelial 

and the muscular layers. Anterior to this region the shape 

of the oesophagus is gradually modified "by lateral expansion, 

till, as it debauches into the mouth, it has the form ~f a 

horizontal slit. The oesophagus is lined with a fine chitinous 

intima bearing retrorse "bristles at its anterior end^which 

enter as far "back as the small dorsal pouch (dj>) shown in 

fig.T, The function of this pouch has not "been de 

termined. Puri also shows it in his figures.



rs.

Posteriorly the oesophagus passes into and forms part 

of the proventriculus, forming the oesophageal introversion 

or valve. The proventriculus is situated in the region of 

the 1st and 2nd thoracic segments, its outline "being indicated 

in fig 5* ; figs fe & 7 are longitudinal and transverse 

sections respectively. It is difficult to say where exactly 

in the proventriculus the fore-gut ends and the mid-gut 

commences, "but if this point "be disregarded ̂ the valve may "be 

described as a telescoping of the oesophagus, consisting of 

epithelial and muscular layers, into the mid-gut, consisting 

of an epithelial layer and a very thin, musculo-connective 

tissue layer, almost non-existent in the region under consider- 

•ation§ with a subsequent fusion of the telescoped parts.

The valve consists of a central column, down which the 

oesophagus passes surrounded "by a circular cleft which separates 

the column from the wall of the mid-gut termed at this point 

the cardia (car) of the proventriculus. The two concentric layers 

of the oesophageal wall are continued right down to the distal 

extremity of the valve with no change save that at the very 

"base the muscular layer apparently "becomes quite detached from 

the epithelial layer and lies free in the blood space (vs) of 

this region. The inner epithelial layer passes round the margin 

at the "base of the valve and continues up the outer wall facing 

the cardia. The epithelium "becomes modified in the outer wall of



the valve. In the lower half where it encloses the blood 

space this modification consists merely of a reduction in the 

size of the epithelial cells; in the upper part the cells 

(vc) "become highly vacuolated; their inner ends reaching and 

apparently fussing with the muscular layer of the oesophagus 

in the centre of the valve. The nuclei of these vacuolated 

cells are small and are situated near the outer margins of 

the cells towards the cleft, between the valve and the cardia. 

On the lower portion of the central column the chitinous 

intima bears on its surface a series of small bristles^ which 

are concerned, according to Strickland (I913)and Puri (1925), 

with the "paying out" of the peritrophic membrane, which is 

secreted by the cells in the eleft of the oesophageal valve. 

(See below). The epithelium between the cardia and the 

vacuolated cells at the top of the outer wall of the valve 

is very thin, it encloses a vascular space. The cardia is 

composed of a columnar epithelium set on a basement membrane, 

which does not appear to contain any muscular elements. The 

cells are compressed in an antero-postero direction and absorb 

stains very readily. The contents of these cardial cells are 

very granular and may show faint striations parallel to 

the direction of the radius of the valve, T)eir nuclei are 

situated in the half of the cell^which is nearest the inner 

wall of the .-cardia. The anterior margin of the cardia is 

attached to the muscular layer of the oesophagus by a layer of 

connective tissue, together with the muscular layer of the



oesophagus, and the vacuolated cells of the ur>per part 

of the wall of the valve serves to enclose a blood space. 

Posteriorly the cells of the cardia pass into epithelium, 

which forms a rim just "below the level of the lower edge

of the valve. This rim has within it a blood SDace.wi'-ich isj

separated from the general haemocoele by a layer of connective 

tissue continuous with the connective-tissue layers of both 

the cardia and the general epithelium of the mid-gut.

Immediately posterior to the oesophageal valve are four 

evaginations of the mid-gut, the gastric caeca (gca). Two 

of these are dorso-lateral in position and two ventro-lateral. 

Externally they have an ovoid shape somewhat pointed at the 

posterior end. Each communicates by a large opening with the 

lumen of the mid-gut. The cells lining these caeca (fig. to ) 

are large and bulge into the lumen. They have striated margins 

and are set on a basement membrane,which is continuous with 

the connective-tissue layer of the mid-gut. The cytoplasm of 

these cells stains readily, that at the base of the cell 

staining more strongly than that at the inner margin. The 

nuclei are large and contain a prominent nucleolus.

The caeca are attached to the mid-gut in the region of 

the 2nd thoracic segment^and from this point the mid-gut ex 

tends backwards as a simple tube of varying diameter to the 6th 

abdominal segment where, after becoming constricted, it meets



the hind-gut, The wall of the gut is lined "by an epithelium, 

the character of which varies according to the region of the 

gut. It is set on a connective tissue layer in which are "both 

transverse and longitudinal muscle fibres. The epithelium 

is of the columnar type, and a few interstitial cells occur 

throughout the length of the mid-gut. In the anterior region 

the cells are rather low (fig. *f, ). Their cytoplasm does not

absorb stains readily and appears to "be undifferentiated save
indications 

for *• A - of a large vacuole "between the centrally-situated

nucleus and the inner margin of the cell. The diameter of the 

anterior part of the gut is equal to that of the proventriculus, 

\ :...-:. ' :, and it maintains an even calibre as it passes "back. 

In the region of the 3rd abdominal segment its diameter 

gradually increases and in the 4th abdominal segment it is 

about 2-J- times as great as that of the anterior region. In the 

posterior part of the mid-gut the epithelium (fig.^j.) consists 

of much larger cells than those of the anterior part. These 

cells project into the lumen of the gut and their margins are 

striated. They contain a large centrally-placed nucleus in a 

granular cytoplasm^that takes up stains strongly. The 

transition from the epithelium typical of the anterior re&ion 

of the mid-gut to that of the posterior portion is gradual and 

corresponds to the gradual increase of diameter of the lumen 

just noted. The muscle elements in the connective-tissue layer



of the mid-gut are arranged in clearly defined circular and 

longitudinal bands (mb)j which fom~.a rectangular network over 

the whole surface of the mid-gut. The meshes of the net are 

somewhat closer in the anterior -part of the mid-gut than in 

the posterior, and the longitudinal bands, which are external 

to the circular hands , 'are the less well-developed of the two.

As noted above the mid-gut is suddenly constricted in 

the region of the 6th abdominal segment to f^rn a short funnel- 

shaped -oortion at the distal extremity of which the fo^r 

Malphigian tubules enter in pairs by 2 common ducts, one on 

either side of the gut.

The hind-gut which may be considered as commencing v/here
< — \ 

the KalT^igian tubules enter the alimentary canal, is looped

once to the right as shown in fig, 4 . Its wall consists of 

an inner epithelial layer of cells set on a basement membrane 

of connective tissue in which muscle strands are present. The 

hind-gut may be arbitarily divided into ileum (nj , colon ( col.) 

and rectum (ret). The epithelium of the ileum consists of 

flatish overlapping ill-defined cells thrown into longitudinal 

ridges and covered by a thin chitinous intima similar to that 

found throughout the whole length of the hind- gut. Puri (1925)

finds that in S. nolleri there are minute bristles on this 

intima in the anterior region of the hind-gut; no such bristles 

have been observed in the care of S. ornatum. The ileum has



"both longitudinal and circular muscle fibres in the connective- 

tissue layer^on which the epithelium stands: these are, 

however, not in the form of "bands, hut scattered and the 

former are weak compared with the latter. The ridges in the 

epithelium do not involve the musculo-connective-tissue 

layer. The colon has the usual epithelial and musculo-con 

nective-tissue layers. The former (figs, ix & if ) consists 

of large cells with a s^mi-granular cytoplasm and prominent 

nuclei. The connective-tissue layer contains circular muscle 

fibres in well-defined bands; longitudinal muscle is absent 

in this region. The ileum and colon are not sharply demarcated 

from each other; the junction takes place in the region of 

the loop in the middle of the hind-gut.

The colon in turn gives place to the rectum. This is a 

thin-walled structure composed of a low epithelium bearing 

chitinous intima and set on a basement membrane devoid of muscle 

elements. Posteriorly the wall of the rectum passes almost 

imperceptibly into the external body-wall of the larva. The 

-junction of the colon with the rectum is quite clearly 

defined, and just posterior to it on the ventral wall of the 

rectum are the three anal gills (ag). When retracted (fig. IZ ] 

these gills lie in a shallow racket in the ventral wall of 

the rectum. When protruded (fig. 7,5 ) through the anus, the 

rectum "becomes eTerted in parts and folded in others^ while the



the colon "becomes extended (fig. 13 ). The gills are 

simple finger-like processes each with a lumen.which is 

part of and continuous with the general haemocoele of the 

larva. The cells of the epithelium lining the gills are 

large with a pale-staining undifferentiated cytoplasm; they 

contain large "but pale-staining nuclei and are situated on 

a thin basement membrane. Kuscle "bands are to "be found "at 

tached to parts of the rectum; they -probably function in the 

protraction and retraction of the anal £ills; tut, as pointed 

out by 7/agner (l"26J the main protracting mechanism is probably 

blood pressure.

The anus has the form of a horizontal slit, but is not 

clearly defined owing to the everslbility of the rectum. It 

opens on the dorsal surface of the 9th abdominal segment. 

The posterior half of the rectum bears srs.ll setae on its 

chitinous intima.

The Feritrophic Membrane.

The peritrophic membrane (pm),which extends without 

a break from the proventriculus to the end of the mid-gut and 

often to the anus, completely encloses the food and prevents 

actual contact between the food and the lining epithelium. 

As noted above the membrane is secreted in the cleft of the 

proventriculus. It is a chitinous structure and is apparently



secreted "by the cells of the cardia. The function of 

the oesophageal valve was first described by Vignon (1901) 

in the larva of a chironomid. while a similar valve was 

described by Thomsnri (1905) in mosauito larvae. The 

question of proventriculus and the peritrophic membrane in 

various orders of insects has been the sub.iect of a -caper 

by Wigslesworth (ISP.Q). Strickland (1913) described the 

method by which, in his opinion, the valve of Simulium 

functioned. It must however be noted that if the structure 

of the valve of S. ornatum is typical of the Simuliidae 

in general, Strickland, as pointed out by Puri, (1925), 

erred in representing the muscular sheath of the 

oesophageal portion of the valve as separating from the 

oesophageal epithelium and fusing with the outer wall of 

the valve half way up the latter 1 s length. Strickland 

also failed to show the highly vacuolated cells in the upper 

part of the outer wall of the column. Ee also attributes 

to the valve a degree of elasticity that it probably does 

not possess, and ascribes the "paying out 11 of the peritrophic 

membrane after its secretion by the upper cardial cells, to 

an antero-posterior movement of the valve within the cardia. 

The action is assisted "by the bristles on the column 

catching on the membrane and so pushing back the membrane. 

Purl (1925) hfl.s noted similar movements of the central column



within the cardia of S._ nollerj , "but he describes them as 

"slisht 11 . Puri's description of the valve of S._nolieil 

is similar to that found in S. ornatum save that he does not 

show a "blood space within the lower rim of the central 

column.

The membrane is formed in the upper half of the cleft 

"between the cardia and the valve proper and is aui'te free 

and fully formed in the region beariner the "bristles at the 

foot of the column. The fact that it is usually found in 

close contact, with the cells of the upper part of th« cardia 

would indicate that it is secreted by these cells. It would 

appear unnecessary to postulate violent movements of the cen 

tral column in order to work the me nib ran e down the gut. The 

structure of the valve is such that it seers pro"ba"ble that 

this "paying out" might be accomplished "by slight "but frequent 

movements of the rim at the "base of the central column and 

not by the whole' valve. The general peristalsis of the gut 

would, also aid in drawing the membrane down the gut especially 

as the membrane of^en extends into the hind-gut, wh*re the 

muscular movements are somewhat more vigorous than in the mid- 

gut.

The food passes rapidly down the oesophagus and accumulates 

within the peritro-nhic membrane in the mid-prut, where the 

passage of the food is slow. The lumen of the r.id-gut always 

appears to be distended and no constrictions have been noted.



The gut is always full of food,if such is available, or 

with particles of debris and even faeces if food is not 

available. There does not appear to be any vigorous 

peristalsis of the mid-gut, but as soon as the food is 

digested, the residue passes into the ileum and is rapidly 

ejected in the form of pellets, which can be seen in the live 

larvae in their rapid passage along the colon. The anal 

gills are momentarily retracted during the ejection of the 

faecal pellets, which are often surrounded by a portion of 

the peri trophic membrane.

There are four Malpighian tubules arranged in two 

lateral pairs ? each pair having a common duct opening into 

the alimentary tract at the junction of the mid-and hind-eruts 

Each tubule passes forward to the region of the 5th abdominal 

segment, and is bent on itself. It then passes back in a 

tortuous manner to the posterior end of the abdomen.



The Salivary Glands,

The larva has a pair of salivary glands, opening "by 

a common duct on the hypopharynx. The glands themselves

are tubular structures of varying diameter extending from
seventh 

the hypopharynx to the abdominal segment, where they

are folded dorsally on themselves and pass forward again
fourtn

as far as the A abdominal segment. They terminate 

suddenly in a filament. The total length of each gland 

is considerably greater than the length of the larva. 

They lie in the ventro-lateral regions of the body and

reach their greatest diameter near where they are bent on
sixth

themselves i.e. in the '' abdominal segment. Anteriorly
f^

they become gradually reduced to two narrow tubes as they 

pass forward on either side of the sub-oesophageal ganglion, 

anterior to which they meet and unite to form the short 

common salivary duct.

The walls of the salivary glands are composed of 

large flat polygonal cells on a basement membrane. Anteriorly 

they pass into the walls of the salivary duct which are 

formed of a thin epithelium with a chitinous lining. These 

cells (fig. K ) take up stains very strongly and their 

cytoplasm shows a granular structure. The cells bulge slightly 

into the lumen of the gland, which is filled with their 

secretion; they have large nuclei, the chromatin of which is



(.1

in the form of very thick twisted threads.

The secretion of these glands is a clear viscous 

material,that coagulates and hardens rapidly in contact with 

water to form the silken fibres, of which the larva makes so much 

use in life. Although the secretion issues from a single 

orifice on the hypo pharynx it tends to form a doulaL e thread 

in the water and the two component fibres, one from each 

gland may, under certain circumstances be completely separate, 

In the course of fixation and de-hydration the contents of 

the glands may harden and shrink to such an extent as to 

cause considerable distortion of the epithelium. This, 

however, does not seriously interfere with the cutting of 

secti ons.



The Fat Body,

The fat body is well-developed extending through the 

abdominal region of the larval body. There are, however, 

segmentally-arranged patches of adipose tissue lying nearer 

the body-wall,which only occur in the later stages of develop 

ment, when they are readily visible externally. The fat body 

does not appear to have any structural peculiarities worthy 

of special mention.

With the exception of the gonads the fat body is the 

only organ in the body that is affected to any marked degree 

by internal parasites. The fat body is absent in larvae 

infected by any of the three parasites previously discussed. 

The effect of mermithid worms on the fat body cannot be 

completely determined till the full life history of the 

parasite is known', but the fat body perhaps becomes atrophied 

by some destructive or inhibitive action exerted by the worm. 

Thelohania also causes atrophy of the fat body. According to 

Debaisieux (1919) the parasite actually invades the fat body 

which it gradually replaces in the course of its development. 

Serumsporidium resembles the other two in fat destruction. 

Here, too, according to Debaisieux (I919c) the parasite invades 

and destroys the fat body, and eventually the parasite is found 

free in the haemocoele.



The Gonads.

The developing gonads are found in the dorsal 

region of the 6th abdominal segrter.t (fig. /. ), one en 

either side of the mid-line. Usually they are easily 

visible on external examination of the larva though they 

may be obscured to a varying degree by the fat-body. 

The male gonad is more readily discernible than that of 

the female owing to the fact that as the time for pupation 

draws near the ovaries tr*--^ to sink more deeply into the 

fat-body than "do the testes. The fact that the 

prominence of the gonad depends on the degree of development 

of the fat-body may be productive of false conclusions as 

to the relative development of the gonads in one generation 

of larvae as compared with another. Thus the larvae 

which occur at the close of the winter months appear to 

have more prominent gonads than tlose of the summer larvae. 

That the difference is more apparent than real was shown 

by the results obtained in a series of measurements of the 

gonads of newly-formed pupae of the winter and summer 

generations. It was found that there was no appreciable 

difference in the size of the gonads of the two but that the 

greater abundance of the opaque fat-body of the summer 

larva reduced the gonad to comparative insignificance when 

viewed from the exterior.



Testis from freshly formed. Pupa. 

Longitudinal section x 200.

Ovary from 6»5mni long larva. 

Longitudinal section x 80.



The male gonad is globular, with a slight point at 

the anterior end and it retains this shape through the

larval, pupal and imaginal stages. The gonad is surrounded
of 

"by a brown fibrous sheath.connective tissue and the whole
A

attached to the dorsal abdominal wall by means of a slender
*

filament. In the earlier stages the gonad consists of 

a homogeneous mass of cells. Later, however, in the larva 

the testis becomes differentiated into layers or zones, in 

which the component cells are at different stages of 

development, those at the posterior end of the gonad being 

the most advanced. The early stages of spermatogenesis 

in which spermatocytes are formed by division 

of spermatogonia was observed in only one of several larvae 

sectioned. This specimen was 3• 25mm long and the gonads 

•12mm. Zonal differentiation of the cells had not yet 

occurred; but in the nuclei the chromosomes were arranged 

in various positions suggestive of meiosis. Prom an 

examination of the sections it was concluded that there 

were 3 pairs of chromosomes. As a rule differentiation 

of the spermatozoa does not occur until the pupal period. 

The ovary, in its earlier phases, in the larva, lies 

in the same relative position as does the test-is. Before 

it assumes its final form the ovary is long and slender. 

Its general shape is that of a long tapering cone whose base
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is towards the posterior end of the larva and it is somewhat 

rounded. Towards the time of pupation the rudiment of the 

ovary sinks into the fat-body and takes up a position 

similar to that occupied in the imago. This sinking 

combined with the slender conical shape of the earlier 

larval phase^render*the female gonad less conspicuous than 

that of the male. After passing into the fat-"body dif 

ferentiation of the ovary "begins, and at the time of 

pupation it is found to consist of numerous polytrophic 

ovarioles which are however still contained within the 

outer fibrous sheath.



When mature the larva forms its cocoon and t>upates 

on whatever substratum it happens to occupy at the time. 

There is n- choosing of a special place for pupation. 

Thus it is found that the ma.lority of the pupae of the 

summer generation of flies are situated on the submerged 

leaves of Glyceria twhile those of the spring generation 

are mostly on the stones ,in the stream "bed.

The cocoon is a slipper-shaped structure that has "been 

figured "by Puri (1925); it measures about 3*8 mm in length 

"by ?.• P.5mm across; when flattened it measures about 4-5mm 

across the mouth of the cocoon from the one extremity of 

the rim to the other.

In commencing to spin its cocoon the larva occupies 

its normal position, affixed to the substratum by means of 

its posterior sucker with its ventral surface directed 

towards the substratum and its head downstream. It bends 

its body and lays down a few strands of silk posterior to, 

and on either side of, the posterior sucker in the upstream 

direction. This done the larva with its body flexed to a 

varying degree spins threads over its abdomen in various 

directions. This process eventually results in a loose and 

very elastic network over the posterior part of th« larval 

body. When this is completed tbe larva withdraws its body
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entirely within the loose net and s"Dinning is continued 

from the inside. All the time the larva remains attached 

to the substratum "by the posterior sucker, which is not 

moved from its original position. The larva is now totally 

enclosed in a thin, "but very elastic network of threads; 

and as a result of the elasticity of the net, the hole 

through which the "body had previously protruded is closed.

Once within the cocoon spinning is assidiously 

continued. The larva bends itself dorsally in order to 

bring the ventrally situated mouthparts and spinning 

apparatus into contact with the inner surface of the cocoon. 

The larva pushes at the elastic walls of the incomplete 

net and so extends the cocoon particularly in the posterior 

direction forming the "toe" of the slipper. The adoption 

of the dorsal flexure during the process of spinning inside 

the cocoon precludes the strengthening of the anterior part 

of the rough net for the simple reason that the mouthparts 

are not able to come into contact with this region of the 

cocoon. The limit, on the inner anterior surface of the co 

coon, at which this contact is m«-de is naturally an arc 

extending from the substratum on either side across the co 

coon. This anterior limit where consolidating sninning 

stops is the rim of the opening of the cocoon in its final 

form.



As spinning continues the cocoon "becomes harder. 

Whether this is due to the later secreted silk being 

qualitatively different from that used to spin the loose 

elastic net or whether it is due to the mere quantitative 

addition of silk is difficult to determine. It may "be noted 

that that part of the loose net which is not consolidated 

eventually "becomes "brittle, loosing its elastic qualities. 

While spinning, the cephalic fans are closed but the moUth- 

parts are seen to be in motion. The fact that the spinning 

is done from within makes it difficult to follow these 

movements. The cocoon is finished in about 50 minutes. 

Whilst the later spinning has the appearance of daubing it 

would seem that this behaviour is really designed to attach 

the ends of the individual thread to a point within the co 

coon. When this thread is short and is merely passed from 

one point on the surface of the cocoon to another, the 

masses of salivary secretion, which anchor the threads may 

possibly be more important in the construction of the cocoon 

than the actual thread itself.

When the cocoon is completed the larva releases the 

posterior sucker from the substratum and transfers its 

attachment to a point on the thin but now rigid part of the 

cocoon anterior to the thickened rim. In this position bent 

in the form of a U so that the head is in proximity to the 

anal region it revolves from side to side for about 10
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minutes, after which it comes to rest with the dorsal 

surface of the head facing the dorsal surface of the anal 

region. In this position the abdomen of the pupa is 

steadily released from the larval cuticle, then the larval 

skin ruptures in the dorsal thoracic region,and the head 

capsule is rent along the frontal sutures and the thorax 

of the pupa emerges from the larval skin. As emergence 

proceeds the thorax remains stationary. The recurved abdomen 

is gradually brought into a straight line with the thorax, 

this motion tending to pull the larval skin off the pupa, 

since the skin remains attached to the upper part of the 

cocoon by the hooks of the posterior sucker. Eventually 

the pupa becomes entirely freed from the old cuticle when 

it is then in the normal position with its abdomen in the 

toe of the cocoon. The respiratory filaments unfold them 

selves as soon as they are liberated from the larval skin 

and they thrust themselves upwards and pass through the thin 

fibrous network that still covers the mouth of the cocoon. 

The pupa starts to rotate itself within the cocoon, thus 

working itself right down into the cocoon, where the abdominal 

spines grip the wall, while the rigid respiratory filaments 

break up the thin network closing the mouth of the cocoon. 

The discarded larval cuticle may be washed away, but it 

frequently remains attached to the cocoon for a eonsiderable 

time even after the imago has emerged.
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The whole process from the time the first strand of the 

cocoon is laid down till the pupa is free takes from 1 to 

hours.

The formation of the cocoon "by an Australian species 

S,. tillyardj has "been described in detail "by Tonnoir (1922). 

In this case it would appear that, in the first stages at 

least, each thread is laid down with an almost geometrical 

precision "by all larvae. The cocoon is not, however, of the 

typical slipper form "but is modified "by being flattened out 

and almost circular in shape when viewed from the dorsal 

aspect. It is, therefore, possible that the formation of the 

cocoon in this species is atypical. Puri (1925) describes the 

formation of the cocoon and the process of pupation of 

§.__nollejpjL, S. erythrocephalum and S. aureum. These all 

have typical slirrper-shaped cocoons. This author's 

description agrees in its essentials with that of S^ ornatum 

save that he states that the larva changes the point of attach 

ment of the posterior sucker, when the "body is withdrawn 

into the cocoon after the loose network has "been woven over 

the abdomen. Wu, (1931) v/ho observed the process in 

S. venustum agrees with Furi except that,as in S. ornatum, 

there is no changing of the position of the posterior sucker in 

the course of the spinning of the cocoon.

The pupa lies in the cocoon with its ventral surface



towards the substratum. It usually remains auite passive 

"but occasionally the abdomen performs slight movements. 

On rare occasions in response to unfavourable stimuli the 

movements may "become so vigorous that the pupa liberates 

itself ffom the cocoon altogether. Such pupae sink to the 

"bottom of the rearing tank.where they continue to complete 

their development. In the stream such diseneaged pupae would

likely perish.
The pUDa is about 3»7mm long and l»3mm at its greatest

breadth. When first formed it is pale and colourless: the 

cuticle being completely transparent, and quite soft. The 

pupal cuticle hardens rapidly and assumes a red-brown colour.-\'

The cuticle of the head and the thorax is dense compared with 

that of the abdomen, which is thin and elastic. The thorax 

has minute tubercles over its surface anrf it is markedly 

humped; it carries in the pro-thoracic region the paired 

respiratory organs^which are characteristic of the Simuliidae. 

In S. ornatum_ each consists of eight filaments arranged in 

four pairs. Each pair of filaments arises from a short stalk 

and the four stalks coalesce to form a common trunk, which 

leads to the pro-thoracic spiracle of the imago forming within 

the pupa. The filaments are hollow cuticular structures, and 

they contain in life a gas, probably air, th«.t they absorb 

from the surrounding water. The abdominal cuticle is very 

thin bears recurred spines, the purpose of which appears to



to "be to hold the pupa securely in its cocoon. These spines 

are not developed eaually on all segments. All segments carry 

a few on the ventral surface but dorsally they are present 

only on segments III, IV, VII and VIII.

The colour of the pupa darkens as the imago becomes 

differentiated within, and eventually it becomes auite black. 

That this change is entirely due to the developing'imago is 

shown by the fact that the pupal exuvium is brown in colour 

in the thoracic region and head, while the abdominal region 

is almost colourless.

When the imago is ready to emerge gas begins to accumulate 

around the imago beneath the pupal cuticle giving the whole 

3 silvery appearanice. The gas continues to increase and in 

about half-and-hour it begins to distend the thin elastic 

abdominal cuticle of the pupa. This results in the complete 

release of the imaginal abdomen from the pupal abdomen^hich 

expands to about twice its normal size. The thorax of the 

pupa being composed of a denser chitin does not expand, though 

a layer of gas collects under its surface, and the thorax of 

the imago is not freed to the same extent as the abdomen. The 

result is that the expansion of the abdomen thrusts the pupal 

thorax out of the mouth of the cocoon and the pupal thorax 

carries the imago up within it. In this position the insect 

rests for a short period remaining quite passive save for 

slight movements of the imaginal abdomen. The thoracic cuticle



then ruptures dorsally in a longitudinal direction and the 

thorax of the imago appears pushing its way through the 

opening fwhich may "be increased "by the rupture of the pupal 

head along the frontal sutures. The head also "becomes 

liberated and arnDarently without an effort on the part of 

the emerging imago the fly gradually comes out and up out 

of the pupal exuvae probably expelled by the presence of the 

collected gas. Eventually the less become free ( and at 

this point active movements on the part of the fly commence. 

It kicks and struggles with its legs and crawls out of the 

old skin surrounded by the air that the pupal skin contained. 

Once free it is immediately carried up to the surface of 

the water, buoyed up in the bubble of air, which bursts on 

the surface leaving the fly free an^ dry supDorted by the 

surface tension of the water. The imago taVes to its wings 

immediately it is free on the surface and flies amray. The 

whole process of the emergence of the imago from the time of 

the first obvious silvering of the pupa to the flight of 

the fly takes about one hour.

The discarded pupal skin is left behind in the cocoon 

where it may remain for a considerable time held there by the 

spines that served to retain the pupa therein during life.

The pUDai? period varies. The following table shows 

the average times taken by r>"pae of the different 

generations at different temperatures in the laboratory.



Duration of Pupal Period.

Spring pupae 

Summer pupae 

Summer pupae 

Summer pupae 

Reared pupae

7-8 days 

6 days 

3»75days 

4-5 days 

9«25-11-5 days

13 °C. (average) 

16°C (± 1.5°C.

21 C (constant)

8°-13° {variable)

The pupae emerge successfully under laboratory conditions 

in water that is kept well aerated. The cocoon is always 

orientated to make the toe or closed end point in the direction 

in which the current is flowing and in the laboratory they 

tend to "be formed where the current is strongest. Pupae 

obtained in the stream and placed in a damp atmosphere with 

a mere film of water over them will successfully metamorphose 

into apparently normal imagines.



The Imago,

While no difficulty was experienced in rearing the 

imagines of "both sexes in the laboratory from puuae, 

specimens in nature proved hard to find and were only 

taken on two occasions. The first lot consisted entirely 

of females which were captured ovipositing on the leaves 

of £iv.££li£ £iHii§££ °n July 31, 1931: the second taken 

on Aug. 6, 1931, included both sexes. They were obtained 

by beating the foliage of a willow tree which was over 

hanging the stream. Such flies as were dislodged were 

captured with a net.

Attempts to induce the flies to feed in the laboratory 

on human and rabbit hosts failed both with those caught in 

the open and those reared in the laboratory. All the 

flies caught out of doors were sectioned, "but it has proved 

impossible to determine from the sections what their food 

may have been. Cattle and sheep in the vicinity of the 

stream were never observed to be molested by any simuliid 

flies. In the laboratory- flies were offered moistened sugar 

and raisins but they were never observed feeding on thes*.

The internal anatomy of the imago was not studied in 

detai], but in sections prepared for examination of the 

condition of the gonads, the general structure of the gut 

was noted. From the oesophagus in the thoracic region there
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arises a ventral diverticulum which passes back into the 

abdomen as the crop while the oesophagus itself continues 

into the mid-gut. The mid-gut is a tubular structure narrow 

at first but expanding considerably in the abdominal region 

till it joins the narrow hind gut. At the junction of mid 

and hind gut there enter the four malpighian tubules. In 

the rectum there are three finger-like processes, which 

appear to resemble the anal gills of the larvae. These pro 

cesses do not, however, appear to have any cavity and 

are situated on the dorsal wall of the rectum.

The testes are very little larger in the adult fly 

than they were at the end of the larval period. They are 

differentiated in layers or zones in only a few of which 

the final stages of spermatogenesis had not taken place. 

These zones,as might be expected, are at the end of the 

testis distal to the vas deferen*. ,: The two vasa pass 

to the unpaired vesicula seminalis, a large organ with 

walls of a glandular appearance leading to the ejaculatory

duct.

The ovaries of the newly-emerged female occupy about 

one eighth of the abdominal cavity. They are no longer 

invested by the brown fibrous sheath that surrounded the 

larval rudiment. In the case of females taken in the act of 

oviposition the abdomen was found to be considerably distended



and almost completely occupied "by the ovaries. The 

ovaries were mostly filled with eggs ready to "be laid, 

"but there were also ovat which would have required a 

connideraile time to mature. The occurrence of these 

immature ova would suggest the possibility of a second 

oviposition^but the observations were not numerous enough 

to warrant a definite opinion on this point. There is a 

single srtierical spermatheca.



APPENDIX.



The following species of Simulium have "been taken in the 

localities indicated in the course of the period October 

1930 - May 1932.

S. latipes,:
Logan Burn, Pentland Hills, Edinburghshire. 
Stream at Thriepmuir Reservoir, Edinburghshire. 
Boghall Burn, Boghall, Edinburghshire.

S. monticola,Fried.
Logan Burn, Pentland Hills, Edinburghshire.
Stream at Thriepmuir Reservoir, Edinburghshire.
Boghall Burn, Boghall, Edinburghshire.
Yarrow Water at Broadmeadows, Selkirk.
Leithen Water, Peebles,
River Turk, Perthshire.
River Quaich at Barrow Bridge, Perthshire.

S. reptans,L.
River Turk, Perthshire.

S. tuberosum, Lundstr,
£6gari~l3urn, Pentland Hills, Edinburghshire.

S. ornatum«:
Stream near Balerno, Edinburghshire.
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Figures.

1. Mature larva of Simulium ornatum.

2. The Egg of S. ornatum.

3. The mouth parts.

4. The Gut.

5. Longitudinal section of the head and thorax.

6. Longitudinal section of the proventriculus.

7. Transverse section of the proventriculus.

8. Transverse section of the oesophagous.

9. Wall of midgut.

10. Gastric ceacum.

11. Wall of midgut.

12. Longitudinal section of the colon and rectum.

13. To show the extruded anal gills,

14. The salivary gland.

15. Transverse section of the colon.

16. Transverse section of the Malphigian tubule.

17. The chromosomes.

18. The rearing apparatus.



Plates, I. II. ill. IV &V.

Note the magnifications shown in the legends should "be re-

-duced by a third those shown being those of the originals

"before reduction in the process of making photographic

copies.

Reference letters.

Ibt. Large bore tube
jt. Jet
gca. Gastric ceacum
int. Malpighian tubule
pg. Dorsal gland
oes. Oesophagous
Ib. Labrum
hyp. Hypopharynx
mtp. Mental plate
dp. Dorsal pouch
car. Gardia
vc. Vacuolated cells
bs. Vascular Bpace
mb. Muscle band
pm. Perittophic membrane
il. Ileum
col. Colon
ret. Rectum
ag. Anal gill
an. Anus
tst. Testis
nc. Nerve cord
pss. Posterior sucker

pro.
mgt.
br.
sog.
soc.
ht.
pig.
sd.
sg.
el.
ml.
ant.
cpf.
mx.
mnd.
eys.
hr.
hw,

1. 
hi 2. 
hi 3.

Proventriculus
Mid gut
Bristles
Sub-oesophageal ganglion
Supra- oesopha&eal connective
Heart
Proleg
Salivary duct
Salivary gland
Epithelial layer
Muscle layer
Antenna
Cephalic fan
Maxilla
Mandible
Eyespot
Histoblast of Respiratory organ

« Wing
'« Halter
" Leg « Leg
" Leg



71g. 1. J'-ature l&rra of SlruliuE ornatue 
lateral Tie* z f5.

Pig. 2. The exe of 3. ornatus x 
A. Entire egg. 
B. Sgj »fter eaergence of the 

young l«rr«.

Fig. 3. L'outb r*rtfl of 3- 'sr
A. The 1'fcmUt e.
B. the !'«Jllla.
C. The lentftl ri»te.



. The ~ut.
?e.Tl«r the (tonr-T-ai conformation 
of *} * ali:.en*-ary canal. v if

?!-. . 'edlan l"ryltu<!lT»l re-tl-)i of the >:m4 and Thorax 
•"•) •»•« the r-lbtlon of the tart« IB tfcl» region. 
Cn« if t*! • 3 llT&rv ?land> i^« eon cltvlaod toraro* 
'.be radian line. ntf

71s:. t. Longitudinal section of the FroTentrieului.
The line A.-P. gh^ra the position of the tran»-
-Tcme. section ehoun In 71g. T . »•*•



Pig. 7. Transverse section of the !roventrlculus. 
The 'line C.-D. indicates the position of the 
longitudinal section Bl.oTin in Fig. 6. jtSFO

rig. 8. trtnsTerse section of the Oeeophmgous In 
the region of the parm-oeeopharMl connect- 
.ires.

9. Lint-itudlnal section 
of the wall of the ant- 
-erlor region of the 
nidput. x5ro.

Fig.10. Tranererse section of the 
gastri* ceacuD. x500.

rig. 11. Lonciduilnal ««otlt>n
of the wall of UM ro«t- 
-erlor r»clnn of the

xSOO.



Pig. 12. Longitudinal eection of the Klndgut In
the region of the colon and rectum with the 
anal gllle in the retracted position x500.

13. Longitudinal eection of the hlndgut to
show the anal gille in the extruded noeltlon.
The retracted position is shown In re*, x 156, Fig. 14. Longitudinal eection of part 

of the sallrary gland. x530.

15« Tr«rMT«rse eection of 
tb« colon. zSOO. Th«

Tig. it. TnniT«r» leetloa of • 
r«lpl«bian tubvl. H5PO.
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