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Abstract

In the light of the emergence of bluetongue and Schmallenberg viruses in northern and central Europe, an ex-

tensive entomological survey within the framework of a bluetongue control program was undertaken from

2008 to 2013 in the Czech Republic to investigate Culicoides biting midges (Diptera: Ceratopogonidae) collected

in close proximity of domestic livestock and semiwild ruminants. Insects were sampled using CDC black-light

suction traps placed overnight near ruminants in farms or in forest game preserves to provide data on

Culicoides fauna collected near these two groups of hosts inhabiting different environments. From almost a

half million biting midge specimens collected at 41 sampling sites, 34 species were identified including three

species newly recorded for the Czech Republic: Culicoides (Oecacta) clastrieri Callot, Kremer & Deduit,

Culicoides (Oecacta) odiatus Austen, and Culicoides (Pontoculicoides) saevus Kieffer. The Culicoides obsoletus

species group, incriminated as a bluetongue virus vector, was predominant in both domestic livestock (91%)

and semiwild game (52%). A relatively high proportion (around 30%) of C. obsoletus Meigen females with pig-

mented abdomen (¼more likely parous) was observed from spring till autumn. In contrast, adult biting midges

were found to be largely absent during at least three winter months, approximately December till March, which

could be considered as the biting midge vector-free period.
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Biting midges of the genus Culicoides (Diptera: Ceratopogonidae)

are distributed worldwide, and include 1,355 extant species classi-

fied in 30 subgenera and almost 40 species complexes (Borkent

2015). Hematophagous Culicoides females feed on a range of verte-

brate species, but often have a clear preferences for mammal or

avian hosts (Martı́nez-de la Puente et al. 2015). Biting midges trans-

mit many parasites including viruses, bacteria, protists, and filarial

worms. Some play an important role as the vectors of pathogens

responsible for diseases with veterinary and public health signifi-

cance, especially two notable diseases of ruminants and equines,

Bluetongue disease (BTV) and African horse sickness (Linley 1985,

Mellor et al. 2000, Carpenter et al. 2013, Purse et al. 2015).

Bluetongue virus has an African origin, and before 1998, blue-

tongue disease was considered tropical with brief, sporadic inva-

sions in the southern periphery of Europe (Purse et al. 2005).

However, the possible spread of the Afrotropical vector, Culicoides

imicola Kieffer, over the Mediterranean basin and the introduction

of BT in Europe transmitted secondarily by indigenous Palaearctic

Culicoides species, have plunged Europe into a major sanitary crisis.

The first case of BTV emerged in the Czech Republic in 2007 (www.

svscr.cz, OIE). Similarly, Schmallenberg virus (SBV), a novel

Culicoides-transmitted ruminant pathogen, has emerged and spread

across Europe since 2011 (Hoffmann et al. 2012), and in 2012, the

disease has been reported on the Czech territory (www.svscr.cz).

Culicoides species of veterinary importance usually feed on live-

stock and horses, and breed in associated habitats. Species suspected

to play an active role in BTV and SBV transmissions, e.g.,

Culicoides obsoletus, C. chiopterus Meigen, C. dewulfi

Goetghebuer, C. pulicaris L., C. punctatus Meigen, and C. nubecu-

losus Meigen (Caracappa et al. 2003, Mehlhorn et al. 2007,
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Saegerman et al. 2008, Hoffmann et al. 2009, De Regge et al. 2012,

Elbers et al. 2013, Veronesi et al. 2013), are present on the territory

of the Czech Republic. However, most entomological studies on bit-

ing midges in this country were carried out decades ago and did not

specifically target species in the proximity of the wild and domestic

ruminants, whose health could potentially be impacted. The biting

midge fauna was well described by Orz�agh (1980) who enumerated

63 Culicoides species for the area of the former Czechoslovakia.

After this study, several papers appeared on diversity, biology, and

abundance changes of biting midges, or describing new species for

the Czech Republic; however, the majority of these studies focused

only on limited parts of the country as south Moravia (Knoz and

Mich�alek 1987, Knoz and Vaňhara 1991, Knoz 1998), west and

south Bohemia (Orsz�agh and Minar 1986, Knoz et al. 2004), or

north Bohemia (T�othov�a et al. 2004, Knoz and T�othov�a 2008). The

last and the most up-to-date checklist of Culicoides species reported

49 species for the Czech lands of Bohemia and Moravia (T�othov�a

and Knoz 2009).

The present study is based on a countrywide long-term sampling

survey, aimed to describe the biting midge fauna, seasonal dynamics,

and the occurrence of parous (with pigmented abdomens) and nulli-

parous females of the dominant Culicoides species present in the

proximity of livestock (bovids) and semiwild ruminants (red and fal-

low deer, mouflon etc.), which may be potentially involved in the

life cycle and transmission of BTV and SBV in the Czech Republic.

Materials and Methods

Sampling Sites and Catching Procedures
The survey to collect biting midges was conducted at 34 sampling

sites with livestock (Table 1) located throughout the Czech Republic

(monitored from 2008 to 2013; usually from April to the beginning

of December), and eight localities with semiwild ruminants (moni-

tored in 2010 and 2011; from June to August; Table 2). Biting

midges were collected in the immediate surroundings of domestic

animals within the cattle farms located in agricultural landscapes or

in the close proximity of feed troughs regularly visited by red and

fallow deer, mouflon, and other semiwild ruminants situated in

forest games parks and preserves. For sampling, CDC black-light

suction traps (New Standard Miniature Black-light (UV) Trap,

model 1212, John W. Hock Company, Gainsville, FL) designated

for collecting biting midge, and powered by a 6-V battery, were

used. In this setup, a suction fan transfers attracted insects to a col-

lection jar with �50 ml of 50–70% ethanol. Traps equipped with

photosensors operated for two consecutive nights (48 h) every two

weeks during the sampling seasons. For four selected livestock sam-

pling sites (numbers 15, 20, 26, and 30; see Table 1), we operated

traps throughout the whole year. All traps were affixed outside

sheds (for livestock) or near feed troughs (for semiwild ruminants),

with the lower part of the trap between 1 to 1.5 m above the ground

level.

Culicoides Identification
After transferring to the laboratory, biting midges were kept in 70%

alcohol until subsequent analyses. All specimens were identified to

species level based on wing patterns evaluated by a stereomicroscope

and based on the microscopic examination of other characters (e.g.,

spermathecae, sensilla coeloconica, abundance of mactrotrichie

etc.). Doubtful species and species without a wing pattern were

mounted into CMCP-9 medium (Polysciences, Warrington, PA) and

identified under a light microscope. Several dichotomous keys or

species descriptions were used to identify the collected specimens

(Orsz�agh 1980, Delecolle 1985, www.culicoides.net). Species of the

Culicoides obsoletus group were classified using multiplex polymer-

ase chain reaction (PCR; Nolan et al. 2007): randomly selected 450

females (150 individually and 300 in six pools; 50 specimens per

pool) from different livestock localities were tested. The identifica-

tion of species with unspotted wings and the species detected for the

first time in the Czech Republic were confirmed using barcoding

analysis of the mitochondrial cytochrome c oxidase subunit I gene

(COI) with LCO 1490 and HCO 2198 primers (Folmer et al. 1994)

and compared with the Barcode of Life Data Systems. The total

DNA was extracted from individual midges using High pure PCR

template preparation kit (Roche, Mannheim, Germany) according

to the manufacturer’s instructions, with DNA elution into 80 ll of

PCR water. PCR amplification was done using PPP Master Mix

(Top-Bio, Czech Republic) in volume of 25 ll according to Folmer

et al. (1994). To determine the percentage of females with a pig-

mented abdomen, the feature which most likely corresponds with

their parity status, all Culicoides obsoletus females obtained from

Table 1. List of livestock farm catching sites

No. Name GPS-N GPS-E Altitude No. Name GPS-N GPS-E Altitude

1 Dlouhý Újezd 49� 4600700 12� 3800800 520 18 Hradištko 49� 5104400 14� 2405900 286

2 Předslav 49� 2602500 13� 2100900 407 19 Střemy 50� 2300100 14� 3302200 250

3 Kralovice 49� 5800200 13� 2701500 465 20 Z�akupy 50� 4203200 14� 3700700 316

4 Lučina 50� 1305400 13� 0004700 471 21 Olešn�a 49� 3204300 16� 0701900 608

5 Havlı́čkův Brod 49� 3604000 15� 3300900 412 22 Markvarec 49� 50200 15� 2101500 537

6 Dlouh�a Ves 50� 2505600 15� 4701800 310 23 Rantı́řov 49� 2403300 15� 3005000 491

7 Pracejovice 49� 1301800 13� 4704800 627 24 Věcov 49� 36050 16� 1001700 619

8 Kři�zanovice 49� 5103900 15� 4504600 487 25 Těšany 49� 205600 16� 460300 209

9 Dvůr Kr�alové 50� 2601300 15� 4802400 304 26 Koroseky 48� 5505400 14� 2303400 438

10 Srbsk�a Kamenice 50� 4805100 14� 2100900 220 27 Krčmaň 49� 3101300 17� 1905300 215

11 Z�asmuky 49� 5801000 15� 0105400 307 28 Těšov 49� 1033 17� 4005000 232

12 Úpořiny 50� 3605200 13� 5202400 224 29 Heřmanovice 50� 1002800 17� 2503000 568

13 Dmýšice 49� 3103000 14� 1905400 546 30 Březı́ 48� 4804700 16� 3402200 193

14 Dolnı́ �Zandov 49� 5405200 12� 4004000 542 31 Skorošice 50� 190100 17� 010100 537

15 Struhařov 49� 4505200 14� 4502200 422 32 Trnava u Zlı́na 49� 1605100 17� 4902000 346

16 Roudný 50� 3300200 15� 1601200 326 33 Skalice 49� 39038. 18� 2304600 345

17 Ruda 50� 0802700 13� 5203200 418 34 Osı́k u Litomyšle 49� 5001600 16� 1601800 385
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semiwild ruminants collections and from the five selected livestock

collecting sites with constantly highest number of midges (numbers

2, 11, 18, 20, and 23; see Table 1) were sorted according their

physiological stage using the method of abdomen pigmentation

(Dyce 1969).

Data Analysis
Original counts (number of individuals) of biting midges were nor-

malized using a Log10 (nþ1) transformation; the normality of data

distribution was tested using the analysis of variance (two-way

ANOVA main effects) and regression models (STATISTICA 6.0,

StatSoft, Inc., Tulsa, OK), using collection sites and year as main

effects.

Results

Culicoides Species Composition
During our 6-yr survey, CDC traps were run for 3,453 traps per

night during sampling seasons from 2008 to 2013 in livestock farms,

and 147 traps per night in 2010 and 2011 close to semiwild rumi-

nants in forest game preserves. Altogether, 43.2% (1,551) traps per

night contained no Culicoides; in contrast, 2.9% (104) traps cap-

tured >1,000 specimens per night, the maximum was 9,490. In

total, 466,849 Culicoides females were collected. The number of

Culicoides males in our samples was negligible, lower than 0.1% in

total. It should be noted that Culicoides specimens made up a signif-

icant proportion of all insects captured by the CDC traps. On live-

stock farms, biting midges composed in total 36.3% of all captured

insect specimens (from zero up to 100% of the samples; mean:

14.4%; median: 3.3%); in semiwild ruminant samples, Culicoides

spp. represent 8.3% of the total number of captured insects (from

1% up to 60%; mean: 11.5%; median: 7.3%).

The morphological identification supplemented in selected

cases by barcoding analysis revealed the presence of 34 species

belonging to six subgenera: Avaritia, Beltranmyia, Culicoides,

Monoculicoides, Oecacta, and Pontoculicoides (Table 3). The fol-

lowing three species were found for the first time in the Czech

Republic: Culicoides clastrieri, Culicoides odiatus, and Culicoides

saevus.

The two most widespread species found in our survey were

Culicoides obsoletus and Culicoides pulicaris, recorded in all the

sites investigated, followed by C. punctatus, absent at just one

locality, and C. pallidicornis Kieffer, absent at three localities.

Occurrences of Culicoides species at the studied localities are sum-

marized in Table 4.

The species C. obsoletus s.s. is one of the most common species

in Central and Northern Europe, and together with C. scoticus

Downes & Kettle, C. dewulfi, and C. chiopterus forms the C. obso-

letus group (Savini et al. 2005, Nolan et al. 2007, Werner et al.

2012). Species of this group could be easily distinguished by male

morphology; nevertheless the number of collected males was not

sufficient for further epidemiological analysis. Females of the C.

obsoletus group are very similar, which makes their morphological

differentiation almost impossible; however, their species identifica-

tion is possible by using multiplex PCR (Nolan et al. 2007). As

Table 2. List of forest game preserve sampling sites with semiwild ruminants

No Name GPS-N GPS-E Altitude Semiwild ruminants

J1 Bělěčko 50� 0901000 15� 5704100 287 mouflon, fallow deer

J2 Břevnice 49� 3901200 15� 3605900 471 red deer, fallow deer

J3 L�azně Bohdaneč 50� 0502000 15� 3905200 222 mouflon, fallow deer

J4 Vřı́sek 50� 3604400 14� 3002900 304 mouflon, bezoar goat

J5 �Zleby 49� 5302000 15� 2905000 245 red deer, fallow deer, sika deer, Cameroon goat, mouflon

J6 Bystr�a 50� 3604000 15� 2403000 474 fallow deer

J7A Vrchlabı́ 50� 3703200 15� 3704600 504 red deer, fallow deer, mouflon

J7B KRNAP 50� 4102400 15� 3602600 974 red deer

Table 3. Biting midge species captured by CDC black-light traps sit-

uated in the proximity of livestock in farms and semiwild rumi-

nants in forest game preserves

Culicoides Livestock Game

Subgenera / species No. % No. %

Oecacta

achrayi 36 0.01

clastrieri 42 0.01 96 0.54

pallidicornis 4 525 1.10 3 336 18.79

dzhafarovi 172 0.04

fascipennis 4 0.00 14 0.08

festivipennis 724 0.16 267 1.50

furcillatus 20 0.00 497 2.80

heliophilus 3 329 0.74 113 0.64

jurensis 8 0.00

cubitalis 2 0.00 113 0.64

pumilus 23 0.01

odiatus 1 406 0.31

pictipennis 452 0.10 152 0.86

pseudoheliophilus 20 0.00

reconditus 563 0.13 514 2.89

segnis 221 0.05 15 0.08

simulator 2 0.00

subfascipennis 3 0.00 111 0.63

vexans 86 0.02 32 0.18

Avaritia

abchazicus 193 0.04

obsoletus group 408 856 91.04 9 287 52.30

Beltranmyia

circumsriptus 736 0.16 256 1.44

salinarius 10 0.00

Culicoides

grisescens 180 0.04

impunctatus 204 0.05 35 0.20

pulicaris 14 955 3.33 1 312 7.39

punctatus 10 138 2.26 710 4.00

Monoculicoides

nubeculosus 1 960 0.44 892 5.02

riethi 11 0.00

stigma 6 0.00 2 0.01

Ponctoculicoides

tauricus 68 0.02

saevus 138 0.03 2 0.01
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thousands of C. obsoletus group specimens were collected, and this

technique is costly and time-consuming, only 450 females were

tested. Multiplex PCR confirmed the presence of three species of the

complex in our collections from the Czech Republic: C. obsoletus

s.s. (6� in pool, 131� individually), C. dewulfi (2� in pool, 5�
individually), and C. chiopterus (1� in pool, 14� individually). For

all our analysis, however, the C. obsoletus group was treated as one

species, C. obsoletus.

Captures on Livestock Farms and in Forest Game

Preserves With Semiwild Ruminants
Sampling sites within the cattle farms and semiwild ruminant game

preserves resulted in 449,093 (mean: 130 per trap; median: 2 per

trap) and 17,756 (mean: 120 per trap; median: 23 per trap)

Culicoides females, respectively. The numbers of biting midges cap-

tured per trap (traps with <10 Culicoides specimens captured were

excluded from the analysis) varied significantly among years, for

both cattle farms (ANOVA; F¼6.61, df¼3, 1916; P<0.001;

mean/median: 2008—548/47, 2009—209/74, 2010—294/69, and

2011—323/77; Fig. 1) and forest game preserves (F¼17.72, df¼1,

135; P<0.001; mean/median: 2010—239/83 and 2011—71/26).

The proportion of the most abundant species, C. obsoletus, was sim-

ilar among years for catches near cattle (2008—89.5%, 2009—

92.6%, 2010—90.7%, and 2011—92.8%); on the other hand, we

found differences in the proportions of the two main Culicoides

species captured in close proximity to semiwild ruminants, C. obso-

letus (49.2% in 2010 vs. 69.5% in 2011) and C. pallidicornis

(21.1% in 2010 vs. 11.5% in 2011).

Noticeable differences were also found in species compositions.

Culicoides species and numbers of collected specimens at both types

of localities, livestock farms in agriculture landscape vs. forest game

preserves with semiwild ruminants, are presented in Table 3. All 34

Culicoides species were present on livestock farms, while in the

proximity of semiwild ruminants in games only 20 species were

recorded; however, it must be taken into account that �20 times

fewer biting midges were captured in forest game preserves. The

most marked differences were found in the proportions of the most

abundant species. In both type of environments, farms and games,

the dominant species was C. obsoletus, with 91.4% and 52.3%,

respectively. On livestock farms, only two other species reached

more than one percent: C. pulicaris (3.3%) and C. pallidicornis

(1.0%), while in forest game preserves with semiwild ruminants

eight biting midge species crossed this limit: C. pallidicornis

(18.8%), C. pulicaris (7.4%), C. nubeculosus (5.0%), C. punctatus

(4.0%), C. reconditus Campbell & Pelham-Clinton (2.9%), C. fur-

cillatus Callot, Kremer et Paradis (2.8%), C. festivipennis Kieffer

(2.1%), and C. circumscriptus Kieffer (1.4%; Table 3).

In addition to the host species targeted (livestock vs. semiwild

ruminants) and the surrounding environment (agriculture landscape

vs. forest), sampling sites also differed in altitude. The highest spe-

cies richness was found at locality number 12 (Úpořiny; 224 m a.s.l.)

Table 4. Presence or absence of Culicoides species at sampling sites on livestock farms (sampling site numbers 1–34) and forest game pre-

serves with semi-wild ruminants (J1–J7b)

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 J1 J2 J3 J4 J5 J6 J7a J7b

C. obsoletus

C. pulicaris

C. pallidicornis

C. punctatus

C. heliophilus

C. pictipennis

C. nubeculosus

C. reconditus

C. festivipennis

C. circumscriptus

C. dzhafarovi

C. segnis

C. impunctatus

C. odiatus

C. furcilatus

C. achrayi

C. saevus

C. pumilus

C. clastrieri

C. stigma

C. cubitalis

C. subfascipennis

C. vexans

C. abchazicus

C. fascipennis

C. jurensis

C. tauricus

C. riethi

C. grisescens

C. pseudoheliophilus

C. salinarus

C. simulator
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with 20 species (Table 4). The most species-poor site was locality

number J7B, KRNAP (The Krkonoše Mountains National Park)

with elevation around 1,000 m and only three species found; how-

ever, because of the outstanding elevation, this site was excluded

from the analysis. Our overall analysis, however, did not show any

significant differences in the number of Culicoides species (regres-

sion model: F¼0.109, df¼1, 39; P¼0.74) or number of captured

biting midge specimens captured per trap per night (F¼0.564,

df¼1, 812; P¼0.75) depending on altitude.

Seasonal Dynamics of C. obsoletus
The seasonal abundance of the most abundant species, Culicoides

obsoletus, collected at five livestock farms (numbers 2, 11, 18, 20,

and 23) in years 2008 to 2011 is presented in Fig. 1. Numbers of C.

obsoletus were highest during the spring, but several peaks appeared

during the seasons in all four studied years. In all analyzed years,

numbers of C. obsoletus significantly decreased in late October and

the latest specimens were captured on November 27, 2009 and

December 2, 2008. The earliest capture of C. obsoletus was on

March 25, 2010. In 2009–2010, traps ran continuously during the

whole winter at the four selected cattle farms (numbers 15, 20, 26,

and 30), but no Culicoides were found in winter months.

Dynamics of C. obsoletus Females With Pigmented

Abdomen
At five selected livestock sampling sites (numbers 2, 11, 18, 20, and

23) and at all forest game preserve localities, the physiological status

of Culicoides obsoletus females was analyzed according to (Dyce

1969) to determine the parity rate dynamics over the five studied

years from 2008 to 2013. The rate of parity, represented in our

study by females with pigmented abdomen, and the proportion of

females with eggs were similar in both types of studied localities

(Fig. 2). On livestock farms, where biting midges were captured

throughout most of the year, the proportion of pigmented or parous

females was lower in the beginning of the year and the first peak

appeared at the end of May. Later, pigmented or parous females

were present in a relatively high proportion till the end of the year,

31.7% in average (Fig. 2A). Overall, the highest percentage of

parous females ever recorded was 78.3% in mid-July of 2013.

Similarly as at livestock farms, at localities with semiwild ruminants,

the proportion of pigmented or parous females was relatively high

and stable throughout the year, 39% in average, and since we

caught midges just during three months of the year, the proportion

of pigmented (more likely parous) females only varied between 18.8

and 63.2% (Fig. 2B).

Discussion

Species Composition
Our study represents the first systematic and long-term (2008 to

2013) survey of Culicoides in the Czech Republic using light trap-

ping. We have studied the occurrence, seasonal dynamics, and pro-

portion of pigmented (most likely parous) females of Culicoides

species at two types of localities, on livestock farms and in forest

game preserves with semiwild ruminants. Previously, 63 species of

Culicoides biting midges had been recorded from the former

Czechoslovakia (Orsz�agh 1980), with 49 species in the Czech

Republic and 55 species in Slovakia (T�othov�a and Knoz 2009).

Our 6-yr study updates the number of Culicoides species in the

Czech Republic to the current 52 species by the adding of three new

species: Culicoides clastrieri, C. odiatus, and C. saevus. All these

three new species of biting midges have recently been found in

Slovakia (T�othov�a and Knoz 2009, Sarvašov�a et al. 2014a), and

their occurrence in Czechia might be linked to global climate

changes, as described previously for other hematophagous diptera

(e.g., Wittmann et al. 2001, Votýpka et al. 2008) or to the lack of

proper surveys as the former studies were limited in scope. Two of

these species, C. odiatus and C. saevus, are present mainly in south-

ern part of Europe, and the third species, C. clastrieri, is more likely

in the western and northern part of Europe (Beuk and Pape 2013).

In Bohemia, we found for the first time seven species that were pre-

viously known just from Moravia: C. salinarius Kieffer, C. riethi

Kieffer, C. dzhafarovi Remm, C. furcillatus, C. pseudoheliophilus

Callot et Kremer, C. simulator Edwards, and C. tauricus Gutsevich;

and vice versa the species C. abchazicus Dzhafarov was found for

the first time in Moravia.

In most studies published after 1980, the trapping sites were

selected in wooded fields, meadows, and nearby waterways using

different collecting methods. Our study focused on biting midges of

veterinary and medical public health importance—potential vectors

of bluetongue and/or Schmallenberg viruses—and the choice of

localities and trapping methods were adapted to this focus. It is

likely that our choice of a backlight trapping method (see Venter

et al. 2009, De Regge et al. 2015) in combination with the presence

of domestic or semiwild animals close to traps and dissimilar sur-

rounding environments significantly influenced the spectra of

Culicoides found. We assume that the most significant factor in the

occurrence of biting midges at our monitored localities was notably

the presence of host animals, large ungulates; on the other hand alti-

tude had no significant effect on the incidence and abundance of bit-

ing midge species, which correspond with previous findings from

Switzerland (Kaufmann et al. 2012).

The majority of Culicoides species caught during our study are

considered mammaliophilic. The most abundant and widespread

species was the Culicoides obsoletus, regularly representing about

80% of the catches. This species was also the most abundant in

other central European countries where similar surveillances were

carried out (Linto et al. 2002, De Liberato et al. 2003, Clausen et al.

2009, Ander et al. 2012, De Regge et al. 2015). The Culicoides

obsoletus group consists of four species (Conte et al. 2003,

Meiswinkel et al. 2004), out of which three, C. obsoletus s.s., C.

dewulfi, and C. chiopterus, were found in our study. The presence

of the fourth species, C. scoticus, was not detected, though this spe-

cies was previously described from our territory (T�othov�a and Knoz

2009). Different catching methods have been used in other studies,

however, and this species was usually collected in very low numbers.

As we used multiplex PCR for identification of the C. obsoletus

group using only 450 specimens from livestock localities, the (appa-

rent) absence of C. scoticus in our samples could be explained by its

very low proportion and abundance.

Captures on Cattle Farms and in Forest Game Preserves
It is well known that causative agents of several diseases are shared

between wildlife and livestock, among them the bluetongue virus

(Gort�azar et al. 2007), and that pathogens can be easily overlooked

when only circulating within wild animals (Garcı́a et al. 2009). In

this study, we sampled biting midge faunas on two types of local-

ities, farms with livestock in agriculture landscape surrounded by

meadows and fields and mostly forest game preserves with semiwild

ruminants. Both studied type of localities differ in many aspects

including surrounding environment, host animals, and also dissimi-

lar collecting seasons. We are fully aware of all these inadequacies
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and discrepancies caused by logistic problems, and it is therefore

necessary to consider our results rather tentative. In addition to this,

our data are hardly comparable as the number of traps per night

was significantly lower for games (147) compared to livestock farms

(3,443). Nevertheless some tendencies are obvious. Several

Culicoides species or groups were common for both types of local-

ities, including C. obsoletus, a proven vector of the bluetongue and

Schmallenberg viruses. Difference was found in the total species or

groups number caught at cattle farm localities (26 species or groups)

versus games (16 species or groups). Species composition at sites

with semiwild ruminants could be influenced by the surrounding

environment (e.g., forest) and only occasional presence of host ani-

mals in contrast to farms where livestock were present in stables

almost continuously in the close proximity of traps. For example,

the higher proportion of ornithophilic species, e.g., C. circumscrip-

tus, C. reconditus, and C. festivipennis (Orsz�agh 1980), in semiwild

ruminants traps was most probably influenced by the surrounding

forest environment that accommodates additional hosts. Similarly,

the relatively high proportion (2.8%) of Culicoides furcillatus in

semiwild ruminants traps is in accordance with previous findings of

this sylvatic species (Orsz�agh 1980) in a forest habitat in Spain col-

lected by Monteys et al. (2009).

Seasonal Dynamics of C. obsoletus
The seasonal dynamics of the most abundant species, C. obsoletus,

reaching >90% of all biting midges in some samples, was analyzed

at five selected livestock farms. Several peaks in C. obsoletus abun-

dance suggest several consecutive generations during the year and

confirm that C. obsoletus is a multivoltine species (Orsz�agh 1980,

Meiswinkel et al. 2014). The first and usually highest peak appeared

in the second half of May, as the first generation emerged. Later in

the year, several less evident and not well-synchronized peaks

appear. The same tendency was also observed in semiwild ruminant
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Fig. 2. Combined percentage of parous or pigmented, nulliparous or nonpigmented, and gravid C. obsoletus females captured in five (numbers 2, 11, 18, 20, and

23) selected livestock farms (A) and forest game preserves with semiwild ruminants (B).
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samples, even though we do not have data from most of the year.

The earliest capture of C. obsoletus (and any Culicoides species in

general) was on April 8 (2010) and the last on December 2 (2008).

According to these data, the biting midge-free (vector-free) period

lasts approximately from December till March. The observed

between-years differences are probably connected with an average

temperature, which was higher during all months of the year 2008;

on the contrary, others three seasons were below the long-term

average.

Dynamics of C. obsoletus Females With Pigmented

Abdomen
If transovarial transmission is not considered, only parous females

that already fed one or more times can be a vector and are able to

transmit pathogens (and thus infections) to their vertebrate hosts.

The less time consuming and widely used method of parity determi-

nation, the abdomen pigmentation method described by (Dyce

1969), was used in our study. It could be estimated that relatively

high numbers of pigmented females presented on localities indicate

a high vector potential for pathogens as BTV or SVB. In our study,

we found the relatively high proportion of pigmented (more likely

parous) females, fluctuating between 30 to 40% in average.

Nevertheless in some studies was observed that part (up to 15%) of

newly emerged midges show partial abdominal pigmentation (Harrup

et al. 2013) and thus our result can be slightly overestimated.

Culicoides obsoletus is a multivoltine species with more genera-

tions per year; its parity rate decreased with the disappearance of

the old generation and then increased again with feeding of the new

generation. Just a few studies have focused on seasonal dynamics of

pigmented or parous biting midge females. In California, Culicoides

vairiipennis tend to have a highest proportion of nulliparous females

in the early season and later the proportion fluctuated around 50%

(Linhares and Anderson 1989) and also in Virginia the proportion

of C. obsoletus parous females varied throughout the seasons

(Zimmermann 1983). In the Slovakia, in the virological study C.

obsoletus parous females ranged from 11 to 80% in May and June

catches (Sarvašov�a et al. 2014b).

The overall percentage of pigmented females was higher in

semiwild ruminant localities; however, comparison of the overlap-

ping part of seasons, when both livestock and semiwild ruminant

localities were sampled, the proportion of pigmented females is

almost identical.

In conclusion, a relatively high number of Culicoides species

occurs on livestock farms and likely feed on their inhabitants. Some

of these species are also present at forest game preserve localities

with semiwild ruminants and could serve as bridge vectors for

pathogens shared by both groups of ungulates. Although we found

three new biting midge species in the Czech Republic, our study

yielded no evidence that African and South European BTV vector C.

imicola midges occur in the country. Therefore, the transmission of

bluetongue and Schmallenberg viruses is likely linked to local

Culicoides species, as in other European countries (Meiswinkel et al.

2007, Dijkstra et al. 2008, Hoffmann et al. 2009). Further host pref-

erences and virological analysis would be beneficial to determine

vector species in the Czech Republic.
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Knoz, J., and J. Vaňhara. 1991. The effects of changes in moisture conditions

on a community of haematophagous Diptera and ticks in a floodplain forest,

pp. 469–504. In M. Penka, M. Vyskot, E. Klimo, and F. Vašı́ček (eds.),
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