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The Adaptation of Bloodsucking Black Flies to Feedig on Warm-blooded Animals

Simuliidae morphological adaptations to suck theodl are combined into several groups: habitus, asgns
vesicle of maxillary palp (Lutz’s organ), mouthmartlaws adaptations. Habitus adaptations canasedrin smaller
absolute body sizes, relatively large head sizeduation of 2—6 abdomen sternites, presence of widgs. The
sensory organ adaptations are associated witheadsierease of the sensory vesicle during the tramdrom the
ornithophilia to the mammalophilia of Simuliidaedd@ptations in the mouthparts structure are assutiaith the
presence of hooks on the labrum, fringes with doanawdirected spinules on the distal margin of thpdpharynx,
developed teeth on the maxillas and mandibles hpeagins. The structure of females claws is adhpbevarious
groups of hosts of the blood feeders — birds, masinRaxobably that the initial type of black flieserhatophagy was
ornithophilia.
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Scientific Problem Statement and its SignificanceAccording to some researchers [1; 6; 7; 18; 22],
the adult Simuliidae initial type of feeding, asath modern chironomids, was the sap feeding (theythe
stems of inshore plants by their mouthparts andfeglant juices and secretes). The peculiaritidareae
feeding, like their insufficiency to accumulate affcient amount of nutrients for the sexual prouc
development, could be the reason for the appeaiardack flies females of necessity for additiob&lod
feeding, as a high-quality source of proteins aad.fThe sap feeding black flies, are few, for gxam
Cnephia palliped-ries,Prosimulium alpestr®orogostajski et Rubtsov. In general in the werlsimuliidae
fauna, there are known 37 species which feed on jpiae, from 2204 recent [2; 22]. They have ieddy smaller
head sizes (head width equal to 2/3 of the thor@th)y longer legs, presence of the 2nd — 6th &tgn
relatively narrow wings (Fig. 1 A), underdevelopeéth on the mandible and maxilla (fig. 2 A) [18419].

Fig. 1. Females. General View: A — Cnephia pallipes, Bmuium sp. [3]

In most species, females have bloodsuckers mouthpéra piercing-cutting type with developed
maxillas and mandibles teeth (fig. 2 B).

It should be noted that among the black flies withloodsucking type mouthparts, not all femaled fee
on blood to oviposit the first portion of eggs. Thmst oviposition can be autogenous, on accounthef
females fat body reserves, which accumulated byaéaduring the development. But black flies cannot
accumulate a fat body in the adult phase, therefdresubsequent ovipositions are accompanied by
obligatory blood sucking.

Most of the modern species feed on the warm-blogtechoiothermic) animals. Females suck blood
once a few days, which depends on the term devaopof eggs. The search of hosts for the bloodirfiged
is purposeful and occurs in three stages [1; 22d&Re search is due to reaction of the sensorgleedimaxillary
palps, when the females detect the specific birch@mmal odor. Search on the middle distance oacuitse
process of the hosts of the blood feeders appragichihen the female catches the carbon dioxide auelg
which are released by animals during breathinglo&ecsearch occurs by the using the organ of visitire
females find a group of animals, choose a particatdmal from the group and the best place on the
animal's body. The search for the host with the bélthe olfactory organ in the first stages arelrémaction
to sweat and carbon dioxide makes it impossibfedd on the poikilothermic tetrapods for the blfids.
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Fig. 2. Structures of the Mouthparts: A — Cnephia palliges; Simulium paramorsitans:
1 — proximal margin of the cibarium, 2 — mandibulaeth, 3 — maxilla teeth, 4 — hypopharynx [1]

Formulation of the Article Purpose and Objectives.The aim of the study was to establish the
morphological adaptations of Simuliidae bloodsuglkspecies females to feed on warm-blooded animals.

Materials and Methods. In our work were used the traditional methods ofalt black flies
micropreparations studying in Canadian balsam uadgght microscope, due to the need to use a atdnd
serial material. The collections of the Zoologitatitute of the Russian Academy of Sciences, tagddal
Research Center for Biological Resources of thaoNat Academy of Sciences of Belarus, the Donetsk
National University and the Lesya Ukrainka Eastétmopean National University were used to carry out
the research. The materials for the work were lemmg studies, generalizations of morphological and
biological black flies adaptations to living coridits and also analysis of literary sources.

Statement of the Main Material and Substantiation & the Research ResultsAll the black flies
morphological adaptations to sucking blood can emmlined into several groups: habitus, sensory organ
(sensory vesicle), mouthparts, claws adaptations.

1) Habitus adaptations. Bloodsuckers are more cctropanpared to phytophages (Fig. 1 B), the avesemge
of Cnephia pallipesemales is 3,8—4,0 mm, and the average size gethesSimuliumfemales is 2,5-3,5 mm [14].

Blood-sucking species of black flies have a re#d$ivarge head (head width is equal to the thorax
width), shorter legs, sternites are reduced froen2hd to the 6th (fig. 3), which is associated witie
necessity to stretch the abdomen during the bleedifg (fig. 4). They have relatively wide wingsstmar
in air currents (fig. 5), as far as the range efghssive dispersion is quite significant [1; 8; 10 19].

B

Fig. 3. The Abdomen of Black Fly Female [19]:
A — nonbloodsucking species, B — blood-suckingispec
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Fig. 4. The Black Fly Simulium sp. [20] Before the Begignof Bloodsucking (A)
and at the end of Bloodsucking (B)

Fig. 5. Wings of the Black Fliest — Cnephia [12]; B — Simulium Aureum [16]

2. Adaptation to the search a host for the bloedlifeg is the development of the sensory vesicthef
maxillary palp, which is located in front of theauk(fig. 6). The size of the sensory vesicle dffamong
different groups of black flies. Ornithophilic bladlies of the genu§&imuliumthe subgener&usimulium,
Nevermannia, Hellichiella, Byssodohave a rounded and large 3rd segment of the lagxpalp (length
0,13-0,17 mm, width 0,08-0,11 mm), which contairiarge sensory vesicle (length 0,06-0,08 mm, width
0,04-0,05 mm) densely covered with sensitive pagilln teriophilian black flies of the gené&tegopterva,
Simuliumthe subgener&choenbaueria, Wilhelmia, Obucovia, Boophthora,uBum, the 3rd segment of
the maxillary palp is small, elongate (length 00,64 mm, width 0,05-0,07 mm), contains a small @gns
vesicle (length 0,03-0,06 mm, width 0,02—-0,04 mensly covered with sensitive papillae.

A

Fig. 6. Structure of the Head [15] (A), the Simuliidae Miaxy Palp (B):
1 — Simulium Verna, 2 — Simulium Noellery and ttiecBure of the Sensory Vesicle (C) [6]

Such differences in the structure of the blacksfiensory vesicle of different trophic special@attan
be explained by the generally smaller relativesafebirds compared to mammals and, correspondittagty
need to have a large relative surface of the dafgicorgan for prey search. A large sensory vesicle
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demanded a large segment in which it located. Thé&dr expansion process of trophic specializasind
the transition to feeding on mammals that had ivet large size and led a herd lifestyle resuliech
decrease of the olfactory organ sensory surface amnd, correspondingly, a decrease the sensorgleesi
and the trird segment of the maxillary palp.

3. Black flies have piercing-cutting type of moudinis with developed maxillas and mandibles teeth.
This type of mouthparts has four features. Fitst, gresence of two or three branched hooks orativern
(fig. 7), which attached to the skin of the hosl &rep the insect during feeding (males and nodblacking
species have setae). The second, presence ofgadnimith setae on the distal margin of the hypoghar
(fig. 2. B 4), which fix the mouthparts on the waumargin. The labia hooks and the hypopharynx setae
stretch the wound in different directions to inged. Third, the fringes of spines presence omptiogimal
margin of the cibarium (fig. 2. B 1). Fourth, theepence of well-developed teeth on the maxillas and
mandibles apical margins, which cut the integunoénihe host and forming a wound by cutting moversent
During feeding blood enters the mouth from the whusut not from the capillary, as mosquitoes doe Th
proboscis immerses in the integument of the hoBt4amm depth [21].

Fig. 7. The Structure of the Simuliidae Labrum [21]: A @&l View, B — Labrum Terminal Teeth

4. Clear adaptive changes associated with imagtirfgeeveal in the claw structure (Fig. 8). Thenda
on the females legs are different structure, bexdhsy are adapted to the body integument of variou
groups of hosts for blood feeding — birds and matem@rnithophilic black flies of the subgenera
Eusimulium, Nevermanniaave a developed thumblike lobe at the base ofltwe (fig. 9 A). The slit size
on the claw corresponds to the diameter of theudashbon the avian feathers, it allows the femalelaonp
one or two barbules of the feather with two segarataws and hold on to it.
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Fig. 8. Correspondence of the Skin Derivatives of Host8Food Feeding and Claws of Black Flies Females
(from Gryaznov, [12], with Changes). Hair Diametér— From the Cow’s Ear, 2 — From the Cow's Baly, From
the Human Body, 4 — Chicken Feathers; Claws 5 —dfesrSimulium (Wilhelmia) Equinum, 6 — females $imu

Ornatum, 7 — Females Simulium (Boophthora) erytapdmlum, 8 — Females Simulium (Nevermannia) Verna

160



PO31JI II1. 3ooJoris. 7, 2017

In the mammalophilic species from subgen&dhelmia, Boophthora, Simuliyntlaw is simple,
without thumblike lobe. The claw inner bend cor@sgs to diameter of the mammalian hair. Females are
fixed on mammalian hair by putting the separatevslan one side of the hair at right angles to #st |
segment of the tarsomere (Fig. 9 B).

B
Fig. 9. Methods of Fixing Black Flies Females on HostsHtmod Feeding
(From Gryaznov, [12], with Changes): A — OrnitholdhSpecies on the Barbules of the Avian Feather,
B — Mammalophilic Species on Mammalian Hair; C -ni@rophilic Species on Mammalian Hair

In females that feed on both birds and mamm@tegopterna, Tetisimulium, Simulilspeciesgroup
ornatun), there is a small basal thumblike lobe of thevclan birds, they can grab the barbules, on mamttmais
don’t use a claw, but hold on the surface of the iing the underside of the Il tarsomere (fid3)712].

Considering the question of black flies hematophaiggt imago adaptation to it, we can’t pass by the
historical aspect of black flies feeding. Blaclefliare known from the Lower-Middle Jurassic [13] amen
then they had bloodsucking type mouthparts. Innmegears have appeared many findings of black flies
fossils in the Mesozoic ambers of the Late Cretasgeriod from the north of Eurasia [17]. All intigated
black flies of this period had a tarsomere clavwhvaitbasal thumblike lobe, in modern species suaturfe is
characteristic for ornithophilic species. In aduliti amber of the same age of the Northern Hemigspher
(North American Arctic) were massively found theneéns (bones and feathers) of birds living alorgy th
coast of the seas and fresh water bodies [4; 5fcanttl be the hosts for black flies feeding. Thuspuld
be traced the connection between Cretaceous hidisheir ectoparasites — black flies. Understandig
black flies adaptation to feeding on warm-bloodadrals will help to clarify the general pathwaystbé
simuliid evolution.

Fig. 10.Fossils in Cretaceous Amber: A — Black Fly; B #dBNing [4]

Conclusions and Prospects for Further ResearciThus, the Simuliidae morphological adaptations to
suck the blood can be combined into several grolb@bkitus, sensory vesicle (Lutz’'s organ), moutrgyart
claws adaptations. Habitus adaptations can bedracemaller absolute body sizes, relatively lahgad
sizes, reduction of 2—6 abdomen sternites, presehedide wings. The sensory vesicle adaptations are
associated with a size decrease of the sensorglevatiring the transition from the ornithophilia tize
mammalophilia of Simuliidae. Adaptations in the nigarts structure are associated with the presehce
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hooks on the labrum, fringes with downward direcspihules on the distal margin of the hypopharynx,
developed teeth on the maxillas and mandibles bmiaegins. The structure of females claws is adhpte
various groups of hosts of the blood feeders —sbintammals. Probably, that the initial type of klflies
hematophagy was ornithophilia.
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Cyxomuin Karepuna, 3inuenko OJuekcanap, 3inuenko Mapis. IIpucrocyBaHHsI KPOBOCHCHHX MOIIOK /10
JKHBJICHHSI HA TeMJIOKPOBHUX TBapuHax. MopdoJioriuHi afganramii CHMyITiia 10 CCaHHS KPOBi 00’ €JHAHO B JIEKiTbKa
rpym: ajgamraiii ra6itycy, oprana uyrrs (oprana JlyTma), poToBOro amapary, KirtukiB. Apanramnii raGitycy mpocre-
JKCHO B MEHIIMX aOCOJIOTHHX PO3Mipax Tijia BIIHOCHO OLIBIINX PO3Mipax rOJOBH, PEAyKiii 2—6 CTepHITIB YepeBI,
HasBHOCTI ITUPOKUX KpWJI. AnanTailii opraHa 4yTTs OB’ sA3aHi 31 3MEHIIICHHSIM Po3MipiB opraHa JIyTia mpu mnepexomi
Bin opHiTodimi mo Tepiodimii cumymiin. Amanrarii B OyZoBi pOTOBOTO amapaTy IMOB'si3aHi 3 HasABHICTIO TadKiB Ha
nabpyMi, OOJISIMIBKH 31 CIIPSIMOBAaHUX JIOHU3Y IIMIMKIB Ha JUCTAJIbHOMY Kpai rinmodapuHKCy, pO3BHHEHHX 3yOIiB Ha
KIHIIX MaKCWJI Ta MaHauOyl. BynoBa KIrTHKIB CaMOK aJanToOBaHAa JO PI3HUX TPYI KUBUTCIIB — NTaxiB, CCaBIIB.
IMOBipHO, [0 BUXiTHUM THIIOM remMarodarii MOIIOK O0yJia OPHITO(1ITis.

Kiro4oBi cJioBa: MOIIKY, aIanTailii 10 )KUBJICHHS, TOMOMOTEPMHI TETPATIOIH.

Cyxomsiun Exarepuna, 3undenko Ajsexcanap, 3uHuenko Mapus. [IpucnocodieHue KpoBOCOCYIIUX MOIIEK K
NMUTAHUIO HA TETMVIOKPOBHBIX *KUBOTHBIX. MOpQOJOTHIEeCKIE aTanTalii CUMYJINU K KPOBOCOCAHHIO 0O TUHEHBI B
HECKOJILKO TPYIIL; ajanTaiun raburyca, oprana 4yBcTB (oprana JIyTia), poToBOro armapara, KOroTKOB. AJanraiui
raburyca TPOCIICKUBAIOTCS B MEHBIIMX a0COJIOTHBIX pa3Mepax Tela, OTHOCHTEIHHO OOJBIIUX pa3Mepax TOJIOBHI,
penykiuu 2—6 CTepHUT OPIOIIKA, HATMYMH IIHPOKHUX KPBLIbEB. ANANTAlUK OpraHa 4yBCTB CBSA3aHBI C YMCHBIICHUEM
pa3MepoB oprana JlyTia npu nepexojie 0T OpPHUTOPWIHN K TEPUOPUINN CUMYITUUA. ATaNTallid B CTPOCHUN POTOBOTO
arnmapara CBsI3aHbl C HaJJMYUEeM KPIOYKOB Ha JTabpyMme, KaliMbl U3 HANPaBJICHHBIX BHU3 IIMITUKOB Ha JUCTATHLHOM Kpae
runoQapuHKca, pa3BUTHIX 3yOIIOB HAa KOHIAX MAaKCHT U MaHIuOyn. CTpoeHHE KOTOTKOB CaMOK aJalTHPOBAHO K
Pa3IMYHBIM TPYIAM HPOKOPMHUTEICH — MTHIl, MJICKOMUTAINMX. BEeposTHO, YTO UCXOIHBIM THUIIOM TreMaTodaruu
MOIIIEK OblIa OPHUTODUITHS.

KuioueBble cj10Ba: MOUIIKY, aJaNTalli K MUTAHUIO, TOMOMOTEPMHBIE YETHIPEHOTHE.

CraTTs HagidILIa 0 peAKoIerii
07.02.201.
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