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INFLUENCE OF SUSPENDED ORGANIC

AND ANORGANIC SUBSTANCES IN WATER UPON
THE NUMBERS OF BLACKFLY LARVAE
(DIPTERA, SIMULIIDAE)

J. OLEJNICEK

Institute of Parasitology, Crechoslovak Academy of Seiences, Cosld Budajovies

Abstract. The amount of saspended organie and anorganie substances in wator and the species
composition and numbors of blackfly larvae woro investigated in a 1 km-long sector of a stream
in Seuth Bohomie (noar the village Purkarec) in 4 biotopes: 1, outlat of an artiffeial lake, 2. foroat
strenm, 3. trangition between forest and meadow sector of the stream and 4. ennalized stroam
fAowing aeross o pasture. The differences in the amount of ausponded substances woro very low
in comparison with the differences in guontitative as wall as qualitative composition of the blackily
populations. The spocies composition in individual sites was dotermined by the type of biotope
and cliunged markedly within the framowork of vory short sectors, the species 5. neelferi prodo-
minated in bictope 1, P. tomosvaryi in biotops 2, €. ornats in biotopes 3 and 4, this species baing
abundant in the canalized sector of the stream. The food supply always exeeadod the actual de.
mand; the quantity of the foed supply could not be considered as factor limiting the numbera
of blackfy lnrvas,

The blackfly larvae heing filter-feeding insects are able to filter feed on and ingest
colojdal particles (Wotton 1976) as well as minor specimens of its own species
{Peterson and Davies 1960, Burton 1971). As demonstrated by wmany authors
(e.g. Kurtak 1978, 1979, Merrit et al. 1978, Wotton 1977), blackfly larvae ingest
any lilter fed material, although the percentile composition of some elements in gut
contents do not always agree with the percentile representation of these elements
in the food supply investigated in the water samples from the biotope studied (Kur-
tak 1979), However, on the basis of resuits obtained by the above mentioned authors,
it may be generally presumed that larvae filter-feed on and ingest any material of
organic or anorganic origin which they are able to intercept by their cephalic fans.

The goal of the present paper was to ascertain the extent to which the quantity
of food supply in the stream can influence the qualitative and mainly gquantitative
composition of the fauna of pre-imaginal stages of blackflies in small streams.

MATERIAL AND METHODS

In sites deseribed bolow samples of blackily larvas and pupas and samples of stroam water
ware collected in the period betwoen May 1932 and July 1933, Thoe eolleoting dates sro givon in
Tables 1 and 2; the samplos wore collosted always betwean 11 and I3 hoars, In order to obtain
quantitatively comparable samples of blackily larvae and pupao artificinl substrates were used,
namely unglazed cormmic tilos 10 10 em large (Lowis and Bennot 1974) similar in calour to
the colour of stonea in tho stream, polyethyleny steips 2.5 % 20 em in size. The samples wore also
colloeted on notural substrates, whose arca was earofully measured. Larvae and pupae wore col-
leoted from thess substrates with entomological pincors and in the fleld were stored in 96 24 nleohol.
In laboratory the larvae were identified down to sposios by using Knoz's monographa {1965,
1930}, respacting the nomenclatorie changes recarded by Zwicl (1974) and Zwick and Crosskey
(1980). For cach sample a mean number of sporimons per dm? of substrate area was caloulnted.
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Fig. 1. A chart of locality studied. Different Fig. 2. Biotope 1. Spillway daem of the forest

biotopes are indicated as P1—P4. lake, site of massive occurrence of S. noellers.

During each visit to the locality studied water samples were collected in individual sites and
brought to laboratory in a cool state. Here the amount of suspended substances both organic
and anorganic was ascertained, such as the difference between the dry and flame annesaled filtrate
(Hofman 1965); during underpressure filtration membrane filters Synpor No. 3 were used which
intercept particles bigger than 1.5 pm.

The velocity of stream-was measured by Rauser’s modification of Pittot’s tube, pH of water
was. measured with colorimeter, the water temperature was taken with stem mercury thermo-
meter.

Marginally also some natural enemies of blackfly larvae were investigated. Larvae of various
predatory species of caddisflies (Trichoptera), primarily of the species Hydropsyche angustipennis
(Curtis, 1834), were collected, dissected in laboratory, and head capsules or other body parts of
blackfly larvae were searched for in their digestive tracts. In addition, fatbodies of larvae were
examined and cysts of microsporidia, spheral sporangia and hyphal corpuscles of the fungus
Coelomycidium simulii, discernible even in the fixed material were looked for. Simultaneously
also the presence of other potential predators was investigated which might have influenced the
numbers of blackfly larvae in the locality under study.

Locality studied ,

Investigations were carried out in the lower reaches of the Rachatka stream, the right tribu-’

tary of the Vltava river, flowing north of the village Purkarec (district of Ceské Budgjovice,
Fig. 1). The locality in question was a forest stream whose backed-up waters form a lake at a
distance of about 2.5 km from its source. The lake outlet represented biotope 1 (Fig. 2). Biotope 2
(Fig. 3) was situated 100 m downstream, in the sector shaded by tall trees throughout the year;
biotope 3 was 500 m downstream from the lake outlet at & site where the stream leaves the forest
and intersects a fenced cattle pasture; biotope 4 (Fig. 4) was situated approximately in the centre
of this pasture, 1000 m from the lake outlet and about 400 m before the stream empties into the
Vltava river. The total sector investigated was 1 km long, its upper part being in full shade of
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Fig. 3. Biotope 2. Forest sector of the Fig. 4. Biotope 4. Canalized sector of the
Rachad&ka stream. stream flowing across pasture. Massive
breeding place of the species 0. ornata.

a tau mixed forest the whole day (except for the spillway dam) and the lower part in the open
terrain. The studied sector in its upper part (biotopes 1-—3) had a natural bed with many mean-
ders and calm waters, with pebble or rocky bottom. The lower part was canalized with a straight
bed, its crossection in the shape of trapezium, its banks and bottom paved with stones. The
forest sector of the stream had no green water vegetation, but its banks in the open terrain were
overgrown with dense grass hanging down in water. The width of the bed in the studied sector
varied betweon 1 and 2 m, the depth often ranged from § to 10 ¢cm, the average stream velocit;

being 65 cm/sec. The pH varied slightly, namely between 5.6 and 6.2. . v

RESULTS

8) Species composition and blackfly abundance

In the four biotopes mentiored above more than 200 000 larvae and pupae of
blackflies were colle'cted. A total of 7 species were identified as follows: Prosimulium
tomosvaryi (Enderlein, 1921), Eusimulium augustipes (Edwards, 1915) (syn. E. securi-
forme Rubzov, '1956), E. vernum (Macquart, 1826) (syn. E. latipes auct. nec (Meigen,
180‘_1) ), Odagmia ornata (Meigen, 1818), O. monticola (Friederichs, 1920), O. variegata
(Melgen., 1818) and Simulium nocllers Friederichs, 1920 (syn. S. argyreatum auct.
;1:0 Mel%;en, }838). The species composition of the fauna in individual biotopes and

e number of species per 1 dm? of the substrate area ascertained duri indivi
collecting, are given in Table 1. mod uring the Individusl

-The material collected in biotope 1 consists of two

. _ groups, the first group represen-
ting the samples collected at the lake spillway dam where only S. noegélerz'pwasp fouer?d

179



—
o
Lon}
0 0 0 1’0 0 10
8¢ (44 9 - - g0 10 1o Ly
L1 LI ¥0 ¥'0 ¥ g !
g €2 . 0 0 0 0 0 G 91
0z 02 1o 1o 0 10 0 g0
9% 9¥ ¢'6 36 69 0 €0 9'9 ¥ 708
9 9 0 0 0 0 0 0 0
78 ¥L ¥ 9 6 6 [ ¢4 g0 ¥3 ‘¢ €8
0 0 0 0 0 0 0 0
0101 0¢6 (0} 4 0¢ ¥'0 $'0 ¢ey 3 4 T'IT
0 0 0 0 ] 0 0
G636 g'eg 14 10 10 ! I ‘T '3
801 80T - - - - ‘01 9
0 0 1 4 [ 4 g0 20
002 003 £°02 €08 90 90 6l
0 0 L 4 14 0 0 0
¥9¢ ¥9¢ €631 €'921 o 0 10 8 Il
0 0 €0 0 €0 1o 1’0
1445 ¥ee 49 €0 144 0 0 ‘8¢
8°9¢ £¢e 0 (]
G'gE8 ¢'ges 6°G¢ 693 — — L1g
o1 01 o 20
¥'€9¢ ¥'€9¢ 2’88 G'8% — — LT
0°0¢ 0°0¢ 0 20
8191 8191 9'8 9'8 — — LL
¢'66¢ ¢'66¢ 80 80
G'LLT ¢LLE a1 [ — — ‘9 '88
¥'c ¥'e 0 0 0 20 20 0 g0 0
Lo 90 1’0 1 20 [ 8 20 g9 81 ‘¢8I
7'y ¥y 0 0'¢ €0 81 S0 0 <0 0
9°¢ (3 4 ¥l '8 14 4 ¢'6¢ €% 9¢ | €1 ‘a3l
= 00 g | ra = ‘A0 ‘0'0 A | g z wg | oo | ew | am
¥ g 4
(penuiguop) ‘1 oqeL
vpbariva vywbopO — "A'Q ‘DloOYUOU DYwWbDP() — T’

‘DIpUL0 DIUBDPO — 0" ‘sodusNbUD WNUMUST — 8] “UWNULBQ WNNRUWASTT — * AT “UD}P0U WRNRULS — TS ‘2AiDas0ui0) wnnunsiid — "3 J

03%¥
— 08%‘¢ Ly
g1 g1 0
¢0 g0 5 : Q91
Q1 0 Z°0 ¥l 0
£¢ g0 80 3% it ‘¥ 03
0 0 0 .
89 — $°0 79 — ‘¢ "8%
0 0
3'%¢ — 7°2¢ — T°11
— — — 1 °8%
— — — 01 °9
%% 23 0 0 0 0S8
9 9'e 30 4 30 0266 61
0 0 0 0081
e g 10 00%°63 ‘8 T
0 0 0 0811
el 41 1 09812 '8¢
8'0 90 30 cLE'l
8’1 81 0 938l L13
39 z'9 19¢°T
1 1 ¢30°‘e L¥l
8% 83 00L
88 88 003°13 L
LOL L9L 0 PELG
BELT 869°1 43 008°1 9 '83
0 30 Z0
1°0 | 0] 361 ‘¢ 81
8'0 80 0
't 10 €0 Lo 4 ‘¢ "3l
_ V _ 918(J
2 wg ) 00 “geny . A ag wg _ ra i
qI L i 'ON Mg
|

$0d0901q JUCIEYIP UT 99BIISGNE PE1BB1ISAUT JO BOIR JO ;UUP | 0F POIISGAUOD Soloads [RNPLAIPUL JO 98AIB] JO Joquinu pus uonwodwos seoedg ' 9qey,

180



{except one sample). In similar biotopes this species occurred in very high density.
Larvae formed clusters which covered about 50 9, of the total area of the dam. The
second group of samples. was collected in sites within 20 m downstream from the
dam and contained 6 species. The blackfly populations in these sites were much less
numerous, but revealed the highest species variety (Shanon’s index), namely in the
period of abatement of the overwintering populations and the build up of the domi-
nant . noelleri. In the samples collected in biotope 2 five species were identified and
the blackfly populations there were least numerous, the larvae being rarely encoun-
tered. The species P. fomosvaryi reached the highest density here, while larvae and
pupae of 8. noelleri were sporadically found. This species was not encountered in
biotopes 3 and 4, where O. ornata was predominant, whose populations were very
high in biotope 4 throughout the period studied. Biotope 4 was the only one, where
blackfly larvae and pupae were always found.

‘Table 2. Water temperatures measured during individual collections in different biotopes

\ Site No | 1 2 3 ’ 4
’ —_— —_ — e —_— e —_ — — [ S — -
' D ™ | °¢ °C °¢ | °C
e |
I
12. 5. } 9.2 9.4 10 14.2
18.5. ! 14 14 14.8 18
28. 6. |
7. 7. ‘ 17.2 17 15.6 16.8
14. 7. 20.2 19.3 17.6 22.4
21. 7. 18.2 17.9 18 ' 25.8 !
3. 8. 18.3 17.9 17.2 20.9
11. 8. 17.4 : 17.1 17.0 21.3
1. 9. 14.5 14.4 14.5 15.8
6. 10. 115 11.4 11.4 11.5
23. 11 2.3 2.3 2.3 3.4
1.1 2.5 3 3.5 4
23. 3 | 4.5 3.4 3.6 5.5
20. 4. 8.5 8.8 9 10.5
16. 5. 14.5 15 15 15.5
4.7, | 17 17 | 16.5 19
|

Throughout the studied section of the stream the blackflies were concentrated in
those microbiotopes where the stream water flowed at a minimum rate of 40 cm/sec.
In sites where the rate was lower, no larvae were found or occurred there only rarely.

b) Quantity of suspended particles in water

The results of studies on suspended organic and anorganic substances in water are
depicted in the graph (Fig. 5), where the values are given in mg per 1 liter for all
samples collected. The time behaviour of changes of these values was similar in all
biotopes; the highest values were regularly obtained in biotope 1 (lake outlet), the
lowest values of organic substances in biotope 3 (forest-meadow-transition), the lower
and relatively stable values of anorganic substances were ascertained in biotope 4 in
sites, where the stream was partly overgrown with high vegetation. Sixtcen water
sa,mples were collected at, 20-minute intervals in biotope 4 on 1 November 1982. The
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individual samples did not differ from one another more than + 1 mg/l in both
values traced. (This measurement was not depicted in the graph, but did not deviate
essentially from its course).
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Fig. 5. Amount of suspended particles (mg/l) found in different biotopes (P1-—P4) during individual
collections (Roman digits indicate months). Solid line = organic substances, broken line = anor-
ganic substances.
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¢) Natural enemies of blackfly larvae

The results obtained in the investigation of pathogens and predators of blackfly
larvae showed that the latter did not influence the population numbers in the locality
studied in any significant way.

The 8. noeller: colonies contained abundant larvae of Limnophora riparia (Fallén
1824) (Diptera, Muscidae), which are, according to hitherto observations, the most
frequent insect predators of this species throughout the territory of Czechoslovakia.
The blackfly remains were found only sporadically in the digestive tract of caddisflies.
A detailed information is presented in the paper by Kuralova and Olejnicek
(1985). Evidently ill blackfly larvae were found only in fragmentary low percentages;
Ceolomycidium simulii as well as microsporidia could not be considered as factors
influencing the differences in the numbers of blackfly populations in individual
biotopes.

DISCUSSION

While the qualitative differences between individual biotopes, as far as the food
supply is concerned, can be regarded as insignificant (except for the sample collected
on 11 August 1982), the differences in the species composition and particularly in the
number of blackfly specimens are outstanding. These differences are the more distinct
due to the fact that only the stream section 1 km long, without tributaries, was in-
volved. Extraordinary strong colonies of S. noelleri occurred only on the stone-built
spillway dam which was leaking all over. The blackfly colonies formed clusters
covering about one half of the dam area, while in the sites only a few meters below
the dam the populations of blackfly larvae were much less numerous. The water
samples at biotope 1 were collected about 2 m below the lake dam. Thus, the possibili-
ty that lower values ascertained at biotope 2, would be due to the filtration activity
of 8. noelleri colony on the lake dam, could be ruled out.

At biotope 2 the populations were least numerous. Kurtak (1979), who has studied
similar problems, reports that fallen leaves constitute a considerable part of organic
mater in forest streams and that these sectors are also much poorer in diatoms.
Ladle and Hansford (1981) mention diatoms as the most important component
of the blackflies food, but admit that in other species than those used by them or
in other regions the situation may be different.

The density of the populations studied changed considerably in places where the
stream leaves the forest. Its unshaded sector extending practically as far as the
confluence with the river, was characterized by high density of O. ornata populations,
regularly distributed all over the stream sector flowing in the open terrain. The
canalized sections of small streams flowing across pastures, become sources of over-
population of this species. This fact may be responsible for the deaths of cattle bitten
by blackflies (Min4t and Kubec 1968 etc.). While in biotope 3 abundant O. ornatu
larvae were collected on tiles and stones as well as polyethylene strips, in biotope 4
they were found primarily on polyethylene strips and vegetation leaves. Carlson et
al. (1977) who studied factors influencing the numbers of blackfly larvae inhabiting
lake outlets in Sweden, report that plankton produced in the lakes does not essen-
tially influence the quantity of blackflies too much. Merrit et al. (1982) surmise that
temperature exerts a greater influence on the speed of development than food availa-
bility. The presence of individual species is determined primarily by the type of bio-
tope and the fact, that the same stream is involved in a very short sector, apparently
plays a smali role here.

184

This applies mainly to S. noelleri species whose populations occur in a regular high
density in biotopes such as dams and outlets of artificial or natural lakes. The colonies
of larvae and masses of overwintering eggs apparently act as inhibitors to oviposi-
tion by other species. In other similar localities in southern Bohemia, after the lake has
been emptied and the splllway dam ‘and outlet bed are dried up, these biotopes may
be colonized by other species (0. ornata, K. angustipes, Boophthora erythrocephala
for a short period in the winter after the lake has been refilled again. If this does
not happen, the lake outlets, at sites immediately below or very close to the lake, are
either free from blackﬂy larvae, or population density of other species is very low .
there, similarly as in the locality studied by us. Analogous situation is descrlbed by
Wotton (1982) at the outlet of a Finnish lake.

Because the stream studied, from its outflow from the lake as far as the biotope 3
is a typical forest stream, the species usually abundant below the lake in the open
terrain (Olejnitek 1984), or were either their population density was very low. If
we compare the values of water temperature measured in individual biotopes (Table
2), we see that the biotopes with partial sunlight (i.e. lake outlet and the stream flo-
wing across meadow) reveal rather high values. In addition, the direct sunlight pro-
bably determines the formation of some microorganisms suitable as food for lar-
vae. The two factors undoubtedly contribute to the faster development of larvae
in these biotopes.

Our data obtained on the abundance of blackfly larvae are contrary to the data
obtained by some other authors. E. g. Sheldon and Oswood (1977), while studying
blackflies at the outflow from Lake Placid (Montana, USA), found a continuous de-
crease of larval numbers downstream. This fact is apparently due to a rather different
type of stream, its distinctly larger dimensions and lesser changes of its character.
However, the mentioned authors (in contrast to their initial supposition) did not
record any quantitative decrease of food supply whichwould be directly dependent
on the numbers of larvae. Likewise, it could not be anticipated on the basis of results
obtained in the studies on natural enemies of larvae that they might somehow in- -
fluence the blackfly populations in the locality under study.

The absolute population density of blackfly larvae was highest in the lower part
of the stream (biotope 4), because relatively abundant larval populations colonize
a long sector here, in contrast to the small sector colonized by the otherwise very
abundant population of 8. noelleri. The quantity of the food supply, however, was
not distinctly higher than in the preceding biotopes, especially if compared with
biotope 1, it was rather the other way round. The results obtained justify the pre-
sumption that neither species composition nor population density are determined
by the quantity of food supply, but that they could be rather influenced by its quality,
or other factors, such as sunlight, water temperature in different biotopes, or the
presence of suitable substrates for larval attachment. (Natural enemies probably
play only a small role). It cannot be ruled out, however, that the population density
may be influenced by the food component which is minimal and whose quantity may
also vary distinctly depending on various factors.

Acknowledgement. I am indebted to RNDr. S. OSmera of the South Bohemian water supply system
and sewerage laboratories for pivotal help in the evaluation of water samples, t¢ Mrs. B. Mary§kové
of the Institute of Parasitology, Czechoslovak Academy of Sciences for technical assistance in field
and laboratory tests and to RNDr. J. Mind¥ C.Se., of the same Institute for critical comments to the
manuscript.
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BJAUAHWE CYCITEH,IMPOBAHHBIX OPIrAHHYECKHUX
N AHOPITAHHYECKHMX BENLECTB B BOAL HA YACAEHHOCTD
JUUUHOK MOWER (DIPTLERA, SIMULIIDAFE)

M. Omeltgnucxk

Pesiome. Ha yuactre pyuns, jummHoil 1 kM, B wmuol Uexun (HeJajJeKO OT cela Iyprapew)
MCCJIEII0B AL KOJHYCCTBO CYCTICH/IM POBAHHLIX OPIaHHYCCKIX M AHOPI'AHMYECKUX BeIIecTB B BOJIe,
M BUIOBOJ COCTAB M YUCACHHOCTL JHIMHHOK MOLIEK HA 4 GHOTOmAX: 1. CTOK M3 npyAa, 2. JEcHOH
pydei, 3. Mepexofl MeMly JeCHBIM Il JIYTOBRIM VYACTROM DYYbA M 4. PeryiIHpPOBAHHBLA DPY4CH,
MPOXOAAmMA 1epes macToume. PasHAIIL B KOTAYCCTBE CYCICHMPOBAHHBIX BCUICCTB ObLTH HHA-
YTOMHLI 110 CDABHEHUIO ¢ PARHMUNMIM B KOJMYCCTBEHHOH N RAUCCTBCHHOM CTPYKTYpe HOMYIAlMNiL
MOWEK. BUjI0BOM COCTAB B OT/ICABRBX CTALMAX ONPEIEILSIICH THIOM GMOTOMA M PCSKO MEHSIICA
Hame B paMKaX OUYeHh KOPOTKMX YUACTROB; B OuoTore 1 BRIDA3HTENLHO Lpeodiagas B S.
noclleri, B 6uotonc 2 — P. tomosvaryi, B duotonmax 3 u 4 uMme.a npeumyinectTso By Q. ornata,
KOTOPBIil 0cOGEHHO B PEIy TMPOBAHHOM YUACTRE PYTHA BCTPCUAIICs B MHOTOUMCICHHDLIX TOMY A
musx. IluineBoi 3amac Beerga LpPeBBLOAJ HAcTOALUIC TPEOOBAHAA, KOIMYECTBO ¢HAGHKEHH
DUTATC/[BHBIMH BEITeCTBAMH HEIL35L OBLIO CUMTATh (PAKTOPOM, OrpallMYABAIONTHM UHCICHHOCT

JHYMHOYHLIX HOIYAAIHI MOUICK.
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This volume has four areas of topies divided
into 16 chapters, compiled by 22 authors. At
first, current antimalarials are discussed:
4-aminoquinolines, quinine and related sub-
stances, 8-aminoquinolines, sulphonamides and
sulphones, dehydrofolate reductase inhibitors
proguanil and pyrimethamine. Next, there
is information about new methods used in
the research of drugs, about the effect of
drug combijnations, about depository prepa-
rations with prolonged effect, which can be
particularly applied in prophylaxis of malaria;
use of incorporations of drugs in polymeres
and other carriers, of insolublo salts and other
techniques.

On the basis of the results obtained in the
latest development of antimalarials the follow-
ing substances with the effect of quinine are
applied: quinolinmethanols, phenantron metha-
nols and pyridine methanols; a special note
should be made of mefloquine. Also discussed
are 8-aminoquinolines, 4-aminoquinolines, tria-

zines and other dehydropholate reductase inhi-
bitors and last but not least antibiotics affect-
ing malarial plasmodia, such as clindamyecin.
The last chapter deals with the prevention
of drug resistance which is quickly spreading
to different geographic regions and extremely
complicates the situation. Drug combinations
are most effective here.
. The two volumes of antimalarial drugs
present a comprehensive information about
the current state of pharmacotherapy of
malaria. It is a vital problem for public health
in tho world, carefully monitored by the
World Health Organisation. Each chapter has
been compiled by a specialist in the form of
a comprehensive scientific study provided
with tables, graphs, photographs or structural
patterns, including ecomplete references to
poriodical literature. All this information will
be useful to parasitologists, pharmacologists,
infectologists and tropicologists.
Assoc. Prof. .J. Jira. M.D., D.Sc.
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