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ABSTRACT

Larvae of the aphidophagous species of hoverflies play a significant role in regulation of the
number of aphids on tobacco leaf.

During the three-year investigations, we determined the following species of the genus Paragus:
P quadrifasciatus, P. tibialis and P. testaceus.

The abundance of predatory species of the genus Paragus primarily depends on the abundance
of leaf aphids, but since they are xerophytic and thermophilic organisms, climate factors play an
important role in their development.

Key words: aphids, aphidophagous hoverflies, P. quadrifasciatus, P. tibialis, P. testaceus.

DPAYHUCTUUYKA U KBAHTUTATUBHA AHAJIU3A HA BUJIOBUTE O/]
POJIOT PARAGUS

Jlapeute Ha adum0ParHUTE BUTOBH HA OCHIIKA MYBH UMAaT TOJIEMO 3HAUYCHEC 32 PETYTHPAHE
Ha OPOJHOCTA HA JTUCHUTE BOIIKH HA TYTYHOT.

TIpu TPUTOIMIITHUTE UCITUTYBAba TH YTBPAUBME CIICTHUTE BUIOBU O POIOT

Paragus: P. quadrifasciatus, P. tibialis | P. testaceus.

BpojHOCTa Ha MPEAATOPCKH BHIOBH O PoaoT Paragus € BO 3aBHCHOCT 0J] OpOjHOCTA Ha
JIMCHUTE BOIIKH, HO KaKO KUTENN Ha KCepOPHITHN U TepMODUITHH YCIIOBH, 3HAUAjHA YJIOTa 38 HUBHHOT
pa3BOj UMAaT U KIUMATCKUTE (HAKTOPH.

Kayunu 36opoBu: Bowky, apunoaran oCUIMKH MyBH, P. quadrifasciatus, P. tibialis, P. testaceus
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INTRODUCTION

Faunistic investigations are used in
many scientific disciplines with a final aim to
conceive the basic ecological, bio-geographical
and evolutional principles.

Hoverflies are important predatory

species. In their adult stage they are useful as
pollinators and in larval stage as natural enemies
of pests, especially of aphids.

Genus Paragus is a common and widely
spread predator species.

MATERIAL AND METHOD

Investigations were carried out during
2003-2005 and included the following methods
of catching: check of 20 tobacco stalks; check
of 100 tobacco leaves (Davies method); yellow
water vessels and mowing with catcher.

Material was sampled during the season
of tobacco growing, from transplanting to the last
harvest, in a period of 10 days.

During investigations, detailed

quantitative analysis of the genus Paragus was
made in the region of Prilep.

Based on the selected material, faunistic
investigations were made using the following
parameters: active dominance, active abundance,
constancy or frequency and population dynamics.
For estimation of the number of male and female
individuals, Si gender indices were determined.

RESULTS AND DISCUSSIONS

We determined three hoverflies species
of the genus Paragus in tobacco agrobiocenosis,
belonging to:

Tribus: Paragini
Genus: Paragus Latreille, 1804
Species: 1. Paragus quadrifasciatus Meigen,
1822
2. Paragus testaceus (bicolor)
Meigen, 1822
3. Pandasyophthalmus (Paragus)
tibialis Fallen, 1817

Species of this genus are the
smallest predator hoverflies. Their larvae are
aphidophagous and imagos are adapted to
thermophillic and xserophitic conditions, which
can be related to their Mediterranean origin.
According to Pek (1971), only the species of
this genus prefer the plants growing in dry areas.

Paragus is mostly distributed in
Mediterranean region, where the number of
aphids and aphidophagous hoverflies is small,
because most of them dwell in colder and more
humid conditions.

Glumac (1965, cit. by Vujic, 1987)
reported that conditions of the Mediterranean
region are most favorable for hoverflies with
small dimensions, which feed on small number
of aphids, like the species of this genus.

Identification of Paragus should be made
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with special carefulness, because of the absence
of key which will include all European species.

Stuckenberg (1954) created a subgenus
Pandasyophthalamus to which P, tibialis belongs
(cit. Dusek Laska, 1967).

Vuyjic (1987) reported that from 20
species of this genus, 10 were found in former
Yugoslavia and in Bulgaria, with high population
densities.

1. Paragus quadrifasciatus Meigen,
1822

P. quadprifasciatus is one of the smallest
hoverflies. Its larvae are well known predators
of leaf aphids.

According to Simic (1987) and Glumac
(1955), this species is spread throughout the
Central and South Europe, whereas Vujic,
Glumac (1994) report about its spreading in
Palearctic area.

On the Balkans the species was recorded
in Serbia, Dalmatia, Bosnia and Herzegovina,
Montenegro and Bulgaria (Simic 1987, Glumac
1955, Vujic, Glumac 1994). All specimens are
typical for the variety quadrifasciatus Meig.

In Macedonia, Janusevska (2001)
reported P. quadrifasciatus as predator of Myzus
persicae Sulzer on tobacco in the region of Prilep.

Krpac (2006) recorded this species in the
regions of Otesevo and Veles.
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Photo. 1 Male and female of P. quadrifsaciatus

Distribution of P. quadrifasciatus in the
region of Prilep was determined by the method
of mowing with catcher (2003 - 2005). The
species was recorded in tobacco fields hedges,
near meadows, in vegetable gardens and in cereal
crops.

P. quadrifasciatus density is higher in
multiculture than in monoculture fields (Gao,
1996). It can be found in high abundance in
soybean fields and near water resources (cit.
Wu et al.,

In our investigations, imagos of P.
quadrifasciatus in individual samples were
recorded from 1 August to 1 September. Simic
(1987) and Glumac (1955) recorded the imagos
from April until August. Gao (1991) reported
that imagos appear by the end of April to the
beginning of May. From late August to early
September P. quadrifasciatus reappears among
the aphids in wheat fields, vegetable gardens or
in dense grass.

2004). It was also reported that P.
quadrifasciatus is more abundant in weeds than
in cultivated crops.

Adults feed on flowers of the weed
species Apiaceae, Euphorbiaceae, Brassicaceae.
etc. They prefer flowers with simple anatomy
where pollen and nectar are easily accessible.
They are particularly attracted by white and
yellow flowers.

P. quadrifasciatus is an obligate
aphidophagous species, which means that it
develops normally only when fed on leaf aphids.

In our investigations, this species was
identified as predator of M. persicae on tobacco.

2. Paragus testaceus Meigen, 1822 (var.
bicolor Fabricus, 1794)

P, testaceus is aphidophagous species and
belongs to the group of the smallest hoverflies.

Glumac (1955) reported that this species
is distributed in Europe, North America and
Africa.

According to Simic (1987) and Vujic,
Glumac (1994), the species is spread in the
Holarctic area.

On the Balkan Peninsula, P testaceus
was recorded in all parts of former Yugoslavia,
as well as in Bulgaria and Greece (Simic 1987,
Vujic, Glumac 1994, Glumac 1955).

According to Krpac (2006), there are
very few data on the occurrence of this species
in Macedonia. Simic (1987) and Glumac (1994)
noted that the flying period of imagos is from
April to September.

The species has two generations per year,
the first one appearing from mid-May to mid-June
or somewhat later and the second in August or
later (Metcalf, 1911).

Distribution of P, testaceus in the region
of Prilep was determined by the method of
mowing with catcher (2003 - 2005). The species
was recorded near tobacco and vegetable plots.

According to a great number of authors,
the imagos are usually found in meadows, parks,
along rivers, roads, etc.

Laska (1978) noted that P. bicolor (var.
testaceus) can be recorded in fields and steppes.

Adults feed on flowers of the weed
families Apiaceae, Euphorbiaceae, Brassicaceae
etc.
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Pek (1971) reported that favorite plants
of P, testaceus are various species of Umbelliferae
family in the forests. Imagos prefer the flowers
with simple anatomy, where pollen and nectar are

Photo. 2 Male of P. festaceus

P testaceus is an obligate aphidophagous
species, i.e. it develops normally only when fed
on leaf aphids.

A number of authors reported it as
polyphagous species aphids of various plant
species.

P testaceus larvae were recorded feeding
on aphids in vegetable crops, on Myzus sp. in
Rumex crispus L., on various aphids of Rumex
obtusifolius L., Arctiumminus Schk., Carduus sp.
(Metcalf, 1991).

3. Pandasyophthalamus (Paragus)
tibialis Fallén, 1817

P tibialis is one of the smallest hoverflies
and a very active predator of aphids.

Photo. 4 Male of P. tibialis
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easily accessible. They are particularly attracted
by white and yellow flowers (Adashkevich,
1975).

Photo. 3 Female of P, festaceus

The species is abundant in Palearctic and
Nearctic North American region (Pek, 1981).

According to Simic (1987) it is distributed
in the Holarctic region, while Vujic and Glumac
(1994) reported Holarctic-Oriental region as its
area of distibution.

On the Balkan Peninsula, P. tibialis
was recorded in all parts of former Yugoslavia,
in Bulgaria and Hungary (Simic 1987, Vujic,
Glumac 1994, Glumac 1955).

In Macedonia, the occurence of this
species was reported in Otesevo Krpac (2006).

The flying period of imagos is from April
(March) to September (Simic, 1987; Glumac,
1955; Daminova, 1975).

Photo. 5 Females of P. tibialis
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According to Peck (1981), the imagos
appear in June and reach the maximum in July-
August, visiting several flowers species. The
massive flight of the late-summer species P.
tibialis is in the second decade of August (Mutin,
1983, b), in May-June (Daminova, 1975) and
during the summer (Bugg, www.sarep.ucdavis.
edu).

Distribution of P. tibialis in the region of
Prilep was determined by the method of mowing
with catcher (2003 - 2005). The species was
spread through the whole region, on various
biotopes, weeds, meadows, cereal fields,
vegetable crops etc.

Many authors reported that P. tibialis is
most frequently found in meadows, deciduous
forests, cereal fields, soybean fields, vegetable
cropsand other cultivated and weed species.

The adults feed on pollen and nectar
from flowers of weed families Apiaceae,
Euphorbiaceae, Brassicaceae etc. Favorite plants

to imagos are various plants of Umbelliferae
family in the forests. The imagos feed on
pollen and nectar from plants like Scenecio
sp., Euphorbia cyparissias, Ranunculus sp.,
Mentha aquatilis, Sambicus ebulus, Euphorbia
sp., Lepidium latifolium, Prunus fruticosa,
Eriogonum sp., Polygonum aviculare, plum,
hibiscus etc. (Peck, 1981; Bu g g -sarep.ucdavis.
edu, etc).

In gardens, the imagos live on flowers of
apples, cherries, peaches, pears etc., but in hilly
regions they are mainly concentrated on flowers
in meadows and bushes.

P, tibialis is an obligate aphidophagous
species, which develops normally only when fed
on leaf aphids.

According to Daminova (1975), this
species feeds on wide spectrum of leaf aphids on
many different plants. During its growth period,
the larvae can consume up to 1000 aphids.

Photo 6. Paragus sp.

In the region of Strumica Paragus sp.
have been recorded and we hope it will be a
subject of our further investigation (Photo 6).

4. Quantitative analysis of species of
the genus Paragus

The analysis of quantitative composition
of'the fauna of Syrphidae family on tobacco in the
region of Prilep (2003 - 2005) revealed various
levels of hoverflies population, depending on
the year.

e By the method of survey of 20 tobacco

stalks, 147 individuals of P. quadrifasciatus
species of the genus Paragus were determined.

In 2003, this species was recorded in
August and early September in lower abundance
- 6 eggs, 44 larvae, 11 pupae and 1 imago. No
parasitised pupae were observed. The maximum
number of larvae was recorded on 20 August.
In 2004 the abundance of P. quadrifasciatus
was even lower and no parasitised pupae and
imagos were determined. In 2005 the species
was recorded only in small number in August
- 6 eggs, 46 larvae and 15 pupae. No parasitised
pupae or imagos were determined. The share of
hoverflies in the total percentage of hoverflies is
2.72% (Graph. 1).
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method: check of 20 tobacco stalks

32.51

%

O Sphaerophoria scripta B Sphaerophoria rueppelli @ Scaeva pyrastri

B Eupeodes corollae | Episyrphus balteatus 0O Paragus quadrifasciatus

Graph. 1 Total percentage of hoverflies

* By the method of Davies (survey of 100
tobacco stalks), only P. quadrifasciatus species
of the genus Paragus was determined, with low
abundance of larvae and pupae. Imagos were
not recorded because only some of tobacco
leaves were detached. P. quadrifasciatus was
represented with 1.85% (Graph. 2).

*  No species of this genus were determined
by the method of yellow water vessels.

method: check of 100 tobacco leaves

36.25

% 40

O Sphaerophoria scripta B Sphaerophoria rueppelli B Scaeva pyrastri

B Eupeodes corollae B Episyrphus balteatus O Paragus quadrifasciatus|

Graph. 2 Total percentage of hoverflies

* By the method of mowing with
catcher, the following Paragus species were
determined in the region of Prilep: P. tibialis,
with 19 imagos, P. testaceus with 5 imagos and P,
quadrifasciatus with 4 adults. In the three-years
investigation, P. tibialis was represented with
2.70%, while P. testaceus and P. quadrifasciatus
bellow 1% (Graph. 3).

B Scaeva pyrastri

B Syrphus ribesii

O Syritta pipiens

method: mowing with catcher

O Melanostoma mellinum B Sphaerophoria scripta
B Episyrphus balteatus
W Paragus quadrifasciatus O Paragus testaceus

O Eristalis tenax

2.13

60.94

O Sphaerophoria rueppelli
O Eupeodes corollae

O Pandylophtalmus tibialis
O Eristalis arbustorum

)

Graph. 3 Total percentage of hoverflies

5. Faunistic analysis of species of the genus Paragus

P. quadrifasciatus is an obligate
aphidophagous species. It is present in tobacco
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biocenosis from 1 July to 1 September.
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Table 1. Total representation of hoverflies according to the applied methods
and level of dominance

P._quadrifasciatus P testaceus P._tibialis
% 3 © 3 % 3
© [9+] [9+]
3 £5 T2 £: T2 £°
s 8% sz %f ez &=
Methods £ 3 £ 3 £ =
5 5 5
g S 2 B 0= X § = S
=] = =
[e=) =) =)
check of 20
il 147 79,89
check of
100 leaves 33 17,94
sweep net 4 2,17 5 100,00 19 100,00
catcher
Total 184 100,00 229 5 100,00 006 19 100,00 0,24

Quantitaive analysis was based on  in2003 and 2005, a recedent species in the fauna
184 individuals of P. quadrifasciatus, which  of Diptera Syrphidae in 2004 and accidental
accounts for 2.29% of the total number of  species in tobacco entomocenosis in the region
Diptera Syrphidae individuals on tobacco. P of Prilep (Table 1, 2; Fig.1).
quadrifasciatus appeared as subdominant species

Table 2. Quantitative data of hoverflies population

P, quadrifasciatus P. testaceus P, tibialis
0.) Q > Q Q > [ Q >
Q Q Q
g o 2 = = o 2 2 = o 2
o & > S ] o & > S IS o & > S S
Year > = = g +— S = = 9 +— S = = g +—
= = o g 2} = = Q = 2} = = Q = 2]
g5 2 § ®E 2 § ®E "2 §
© 3 S o © 3 s © < 3 s ©
% % % % % % % % %

2003 4,11 1,46 16,07 0,10 0,04 3,57 0,25 0,09 5,36
2004 0,71 0,43 12,50 0,09 0,45 3,57 0,18 0,11 8,93
2005 2,94 1,39 16,07 - - - 0,30 0,14 8,93
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Fig. 1. Dynamics of population of Paragus quadrifasciatus, 2003-2005

P testaceus is an obligate aphidophagous
species. In tobacco biocenosis it can be observed
in small number and inconstant presence by the

middle of July. In that period small colonies of
aphids can be found in tobacco fields. In 2005
the species was not recorded (Table 1, 2; Fig.2).
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Date of control

Fig. 2. Dynamics of population of Paragus testaceus, 2003-2005

Quantitative analysis is based on 5
individuals of P, testaceus, which account for
0.06% Of the total number of Diptera Syrphidae
individuals on tobacco. P. testaceus has a low
level of dominance and belongs to the species
accidentally present in tobacco entomocenosis
in the region of Prilep

P tibialis is an obligate aphidophagous
species. In tobacco biocenosis it could be
observed in small number and inconstantly
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from 10 June to the end of September in 2003
and 2004. In 2003 it only appeared in a short
time period, from 20.08 to 10.09. Quantitative
analysis is based on 19 individuals of P. tibialis,
which account for 0.24% of the total number
of Diptera Syrphidae individuals on tobacco. P.
tibialis appeared as subrecedent species in the
fauna of Diptera Syrphidae and accidental species

in tobacco entomocenosis in the region of Prilep
(Table 1, 2; Fig.3)
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Fig. 3. Dynamics of population of Pandylophtalmus tibialis, 2003-2005

CONCLUSION

Species of the genus Paragus are the
smallest of all hoverflies.

P. quadrifasciatus, P. tibialis and P.
testaceus are obligate aphidophagous species,
i.e. they normally develop only when larvae are
fed on leaf aphids.

Since they xerophilic and termophilic
species, the climatic factors have an important
impact on their development.

P. quadrifasciatus is present in tobacco
biocenosis from 1 July to 1 September, in tobacco

fields hedges, near meadows, in vegetable
gardens and in cereal crops.

P. testaceus was recorded on tobacco
in the middle of July, along tobacco plots and
vegetable crops.

P tibialis can be observed in tobacco
biocenosis from 10 June to the end of September.
This species is spread throughout the whole
region of Prilep, in biotops where various crops
are grown, in weeds, meadows, cereal fields,
vegetable crops, etc.
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