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The outbreak of bloodsucking black flies began in the 70s of the 20th century
in the south-eastern part of Lithuania. By 1990, the biting activity of blood-
sucking black flies increased and had become a serious problem. The blood-
sucking insects caused losses of cattle and domestic birds and tormented
holiday-makers in the Druskininkai health-resort.

Biological larvicide based on Bacillus thuringiensis var. israelensis was
used for bloodsucking black fly control in 1999-2005. The larvicide was
introduced into the Nemunas River stream in one point directly from the river
bank. A sufficient efficacy was achieved in a 164 km long segment of the
river every year.
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INTRODUCTION

No other biting flies inspire such apprehension as do
black flies. Outbreaks of bloodsucking black flies (Dip-
tera: Simuliidae) were observed in Denmark at the be-
ginning of the 20th century (Jensen, 1984), in Russia,
in Ukraine (ITpynkuna et al., 1992), Serbia and Monte-
negro (Zgomba et. al., 2004) during the two last deca-
des. They could be caused by natural fluctuations of
black fly population abundance, by organic or thermal
pollution (Pyouos, 1978) and vegetation overgrowths of
streams. The real causes of bloodsucking black fly out-
breaks have not yet been established.

Black flies are serious pests because of their painful
bites and the enormous numbers involved in attacks.
Bites of black flies may cause localised swelling, in-
flammation and intense skin irritation for some days or
even weeks. (Rozendaal, 1997). A combination of anap-
hylactic shock caused by bites, blood loss and respira-
tory problems due to the inhalation of flies can be the
reason of cattle death. Bloodsucking black flies are vec-
tors of onchocerciasis, the so-called river blindness in
Africa and in Central and South America. In some re-
gions, up to 15% of people have been blinded by the
disease (http://news.bbc.co.uk/1/hi/in_depth/sci_tech/2000/
festival _of science/914616.stm). Myxomatosis, Leucocy-
tozoon and avian trypanosomes can infect both domes-

tic and wild birds. The mentioned parasites can be car-
ried by mechanical transmission (Hutchinson, 1999).

Black flies lay eggs in running water. Larvae and
pupae are usually attached to submerged vegetation, sto-
nes and other substrates. Larvae are filter feeders. The
larval stage lasts from one week to several months, de-
pending on climate conditions. Adults emerge from pupae
in 2-6 days. Bloodsucking is not a universal habit, but
females of most species feed on warm-blooded verteb-
rates, often preferring either birds or mammals (Even-
huis, 2004). Most species feed predominantly on birds
or mammals (Rozendaal, 1997). Adult black flies do
not bite indoors usually.

Outbreak of bloodsucking black flies began in the
70s of the 20th century in the south-eastern part of
Lithuania. By 1990, the biting activity of bloodsucking
black flies increased and had become a serious pro-
blem. The bloodsucking insects caused losses of cattle
and domestic birds and annoyed holiday-makers of the
Druskininkai health-resort. This prompted investigations
of Simuliidae in Lithuania. The main bloodsucking spe-
cies was determined to be Simulium (Byssodon) macu-
latum Mg. (Zygutiené, Pakalniskis, 1997). The Simu-
lium (Byssodon) maculatum Mg. blackfly species was
described by Meigen from Germany in 1804. This spe-
cies vanished in Germany and is very rare in Europe
now (Zwick, 1995). We have data that S. maculatum
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occurs in Belarus, Ukraine, Russia, Kazakhstan, China
(PyouoB, 1956; Suxosckmii, 2002). Larvae of S. macu-
latum develop in large warm rivers where water is rich
in organic matter (SIaxoBckuii, 2002).

The use of products based on Bacillus thuringiensis
var. israelensis against black fly larvae in rivers has
been a long-lasting practice in many countries. Treat-
ments of small streams, bringing a good effect in seg-
ments of a few hundred metres (Molloy, 1990), appli-
cation of the preparation in larger rivers, efficient in
segments of some kilometres (Riley, Fusce 1990), as
well as expensive aerial and ship-board sprayings of
biological larvicide in long segments (black fly accumu-
lation places) of larger rivers have been reported.

MATERIALS AND METHODS

Study object

The main bloodsucking black fly species, Simulium (Bys-
sodon) maculatum Mg., is a transpalaearctic species
adapted to the continental climate. The abundance of
blackfly larvae was estimated on water plants. Leaves
of Glyceria maxima (Poaceae), being very uniformly
band-shaped, were collected. We collected three sam-
ples at a time. The effect of the biopreparation on other
aquatic invertebrates was estimated in chosen study sites
using the kick-sampling method. Larvae of black flies
as well as aquatic invertebrates were collected before
and after the application of the biological larvicide. Adult
bloodsucking black flies were collected from several per-
sons in a 10-min period after 5 min of waiting.

Study area
Two rivers (Fig. 1), the Middle Nemunas and Neris,
were colonised by S. maculatum (Bernotiené, 2001). The
Lower Nemunas, downstream the Kaunas water reser-
voir, stands out for the unstable ground and very poor
aquatic vegetation (a settlement substratum for black fly
larvae), thus it is much less suitable for the S. macula-
tum breeding. S. maculatum is not abundant in the Lo-
wer Neris River.

The biopreparation was used in the Middle Nemu-
nas River. Permanent study sites were chosen to estab-
lish the efficacy of the biopreparation.

Microbiological investigations

Samples of aquatic plants and black fly larvae were
taken in the study sites in the Nemunas River before
and 2, 6 and 37 days after the application of the bio-
preparation. B. thuringiensis bacteria were isolated by
usual microbiological methods (Bluzmanas, 1970; Me-
non, De Mestral, 1985) to determine the elimination
dynamics of Bacillus thuringiensis bacteria from water.
Later, the developed Bacillus colonies 2 mm in dia-
meter were counted and bacterial smears from each co-
lony were prepared. The colonies with inclusion bodies
were assigned to B. thuringiensis. All investigations were
carried out by three replications, and the obtained ma-

thematical data were processed by variation statistics
methods (Jlakun, 1980).

Stream treatment

The biological larvicide VectoBac 12AS (Valent
BioScience Corporation, USA) was used in the Nemu-
nas River in 1999-2005. The way of treatment with the
preparation was different and depended on the expe-
rience and on the objective possibilities to work simul-
taneously in the territory of the neighbouring Belarus.

The Nemunas segment (107 km long) from Grodno
to Krikstonys (Fig. 1) was treated by 8500 kg of
VectoBac 12AS biopreparation in 1999. The prepara-
tion was poured evenly into the middle reaches of the
stream from a boat. The action lasted for three work-
days.

The VectoBac 12AS was applied at a single point
(Varviske) from a bank prominence in 2000, 2002 and
2005. The stream was moving away powerfully from
the bank in the mentioned site. The concentration of
the preparation remained 15-18 ppm for about two
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Fig. 1. Study sites in the terrain (100 x 170 km) surrounding
the middle Nemunas river. Channel length: from Masty to
Varviské 113 km, from Grodna to Varviské 22 km, from Grod-
no to Krik§tonys 107 km, from Varviské to BirStonas 164 km
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hours. The treatment was repeated two weeks after the
first application to affect black fly larvae which had
immigrated downstream the river from Belarus. The
VectoBac 12AS was applied at two points in 2001, 2003
and 2004 (Varviské and Masty or Varviské and Lunna)
(Fig. 1). The preparation was used at a week’s interval,
i. e. one week later, in point upstream.

RESULTS

Black fly investigations

Larvae of Simulium maculatum were found in the mid-
dle Nemunas in late April. The thickest density of
S. maculatum larvae was 3464.0 per 1 dm? on aquatic
vegetation in April 27, 1999 in the study site near Mer-
kiné (Fig. 1). The density of S. maculatum was much
lower (up to 83.7 larvae per 1 dm?) in the Neris River.
S. maculatum pupae were not found each year in the
Neris River. According to the postgenal width of
larvae (Ross, Merritt, 1978), seven instars are typical of
S. maculatum larvae in Lithuania.

The mass flying of adults began in late May and
continued up to early July in Lithuania. Adults of S.
maculatum used to flight a great distance away from
the river where they had developed. Biting females dis-
persed over the territory of West Belarus and South
Lithuania each June. Larvae of the other black fly spe-
cies, S. reptans L., developed in the Nemunas River in
April also. Usually, the development of S. reptans lar-
vae began one or two weeks earlier than the develop-
ment of S. maculatum larvae. Larvae of S. erythrocep-
halum began their development two-three weeks later
than S. maculatum larvae.

The preparation was used when S. maculatum larvae
dominated among other black fly species and when 4"—
5" instar S. maculatum larvae dominated among larvae
of other instars each year.

Black fly control efficiency

Four to 8.5 t of VectoBac 12AS was used each year.
The effect of the preparation depended on the river
discharge. The discharge of the Nemunas River fluctu-
ated between 152 m¥/s in 2002 and 363 m%s in 2005.
The mortality of black fly larvae was 95.9 +9.5% wit-
hin an up to 25 km long segment and 86.5 +30.2%
within an up to 50 km long segment downstream from
the point of application each year for one week after
application. The mortality of black flies larvae reached
49.8% in the study site 164 km downstream the point
of application 2-3 weeks after application. The density
of new born S. maculatum larvae has been reducing
each year beginning from 1999 (Fig. 2) in the Nemunas
River.

The relative abundance of black fly species has chan-
ged markedly since 1999 in the Nemunas River. In
1997-1999, black fly larvae of the S. maculatum and S.
reptans species, the development phase of which is al-
most concurrent with that of S. maculatum were record-
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Fig. 2. Density of Simulium (B.) maculatum Mg. larvae each
year in the Nemunas River (individuals per dm? of water ve-
getation).

ed as dominant, whereas beginning with 2001 the domi-
nant position was occupied by larvae of the subgenus
Wilhelmia and S. erythrocephalum (Bernotiené, 2005).
Hence, since 2000 the abundance of S. maculatum and
S. reptans has been decreasing in the Nemunas River
with a corresponding increase in the abundance of lar-
vae of other species (Fig. 3). No changes in the total
density of black fly larvae on water plants in different
years were determined (Bernotiené, 2005).
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Fig. 3. Relative abundance of different black fly species in
the Nemunas river in different years

No mass flying of bloodsucking black flies was ob-
served after 1999 (Fig. 4). The adult S. maculatum fly-
ing period was shortened from 1-2 weeks (Druskinin-
kai) to 3—4 weeks (Alytus) and lasted 2—3 weeks only.
The abundance of bloodsucking S. maculatum adults
depended only (R=-0.92, p<0.05) on the distance to
the Nemunas segment where the preparation had not
been used.

The decrease of pests (black flies) may have positi-
vely influenced the Druskininkai health-resort, because the
numbers of guests visiting Druskininkai began to grow
from 2001 and have been growing continually (Fig. 5).

The effective application of the VectoBac 12AS bio-
preparation in the Nemunas River can be explained by
the way of stream treatment. A large amount of the
preparation (2 kg for 1 m%/s of yield) was turned to the
middle reaches of the stream, so it was borne by the
river much farther than in customary cases. Some doses
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of the biological larvicide
gradually began reaching the
banks and water vegetation
with black fly larvae on it,
and the bulk of the biologi-
cal larvicide continued to
drift downstream decreasing
gradually. However, should
we attempt to disperse the
biopreparation across the ri-
ver to get a sudden effect,
it would mostly settle in the
bank reaches of a few near-
est kilometres.

Environmental effects

Fig. 4. The number of Simulium (B.) maculatum Mg. attacking a person per 10 minutes in Bacillus thuringiensis had
days of their maximal activity in south-eastern Lithuania.
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no effect on earthworms
(Oligochaeta), leeches (Hi-
rudinea), molluscs (Gastro-
poda: Bivalvia), crustaceans
(Crustacea: Malacostraca),
and larvae of water insects:
dragonflies (Odonata), may-
flies (Ephemeroptera), cad-
dis flies (Trichoptera) in the
Nemunas segment treated
by the biopreparation (Ber-
notiené, 2001). The biopre-
paration could affect the
number of Diptera larvae.
Those of the families Tipu-
lidae, Limoniidae, Cerato-
pogonidae, Dixidae, Ephyd-
ridae, Stratiomyidae were
found before and after the
application in the Nemunas
River. Their number was

Table. Elimination of Bacillus thuringiensis bacteria from the environment under the effect of VectoBac 12AS bacterial

preparation in 2001

River, Object of Average number of B. thuringiensis colonies in 1 ml of suspension

localit tud

SR S before 2 days after | 12 days after | no treatment | 37 days after| t p
treatment treatment treatment treatment

Nemunas, plants 1.7 £ 1.19

Varviské  black fly larvae 6.2 + 1.04

Nemunas, plants 0 11.0 £ 2.08

GerdasSiai  black fly larvae 5.2 + 0.80 21.8 + 1.28 58 + 0.64 1824 <0.001

Nemunas, plants 0 93 + 145

Merkiné  black fly larvae 5.8 + 0.74 14.4 + 1.44 48 £ 0.64 1323 <0.001

Nemunas, plants 0 1.0 £ 1.83

BirStonas black fly larvae 4.8 + 0.74 7.0 £ 0.95 54 + 093 437 <0.01

Neris, plants 0

Rukla black fly larvae 4.0 £ 045
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too small to draw any conclusions. The biopreparation
had no statistically significant effect (p < 0.3823) on
benthic larvae of the most abundant family Chironomi-
dae. The abundance of chironomids of the tribe Tany-
tarsini (cf. Rheotanytarsus sp.), abundantly colonising
the same plant leaves as black fly larvae, decreased
thrice during the first 10 days after treatment. The same
process was noticed in the Neris River simultaneously,
what may be associated with the pupation and flight of
Rheotanytarsus in late May.

Microbiological investigations in the Nemunas River
after employment of the VectoBac 12AS biological pre-
paration showed that bacteria Bacillus thuringiensis var.
israelensis present in this preparation were eliminated
from all localities on aquatic plants in 37 days after its
application. Only atonic amount of bacteria was isola-
ted from insect larvae (Table). Thus, the VectoBac 12AS
preparation is quite harmless to a water body because
its active stuff (bacteria) is very quickly eliminated from
the environment.
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KRAUJASIURBIU UPINIU MAgALU (SIMULIIDAE)
POPULIACIJU GAUSUMO REGULIAVIMAS
LIETUVOJE

Santrauka

Kraujasiurbiy upiniy masaly gausumo protrikis Pietry¢iy Lie-
tuvoje prasidéjo XX a. aStuntajame deSimtmetyje. Kraujasiur-
biy masaly puolimo intensyvumas kasmet augo ir iki 1990 m.

tapo svarbia problema regiono, ypa¢ Druskininky kurorto gy-
ventojams.

Biologinis preparatas, kurio aktyvuji pagrinda sudaro bak-
terijos Bacillus thuringiensis var. israelensis, 1999-2005 m. pa-
naudotas kraujasiurbiy upiniy masaly populiacijy gausumui re-
gulivoti. Biologinis preparatas buvo paskleistas kasmet nuo
kranto viename upés taske ir efektyviai veiké 164 km ilgio
upés atkarpoje.

RaktazodZziai: maSaly gausumo reguliavimas, Simulium ma-
culatum, Bacillus thuringiensis var. israelensis, Simuliidae, Lie-
tuva



