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AHHOTALIUA
CTaThs MOCBSIIEHA UAeHTU(DUKAIIMY BUIOB poxa Ty-
rophagus dbayHbsl Poccuu, UMeIux GUTOCAaHUTAPHOE
3HaueHUe, mpexae Bcero, T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844), T. vanheurni Oude-
mans, 1924, T. perniciosus Zachvatkin, 1941, koTophbie
TIOBPEXIAIT PACTUTENbHYIO ITPOAYKIIUIO B ITIEPUO],
XpaHeHUs: 3ePHO, KOPHEILJIO I, IYKOBUI[bI, CEMEHA
CeJIbCKOXO03SMCTBEHHBIX KYJIBTYD, apaxuc U IIp.; IPO-
SABJISIOT cebs B KAUeCcTBe BPeIUTeeH OBOIIHbBIX KYJIb-
TYP 3aIIMIIEHHOTO TPYHTA, B TOM YKCJIE IPU UCITIOIb-
30BaHUU B KauecTBe TpoduUeckoro cybcTpara Ajis
XUIHBbIX KJENel — areHTOB 6MOKOHTPOJIS, U (pesxe)
OTKPBITOTO TPYHTA, TPOMBIILIEHHBIX KYJIbTYP 'PUGOB;
B DUTOIMATOJIOTUYECKUX JIAOOPATOPUSAX MOTYT YHUY-
TOXKATh MUKOJIOTUYECKUNE KYJIbTYyPbl, HAHOCS yIIepo
OMOKOJLIEKIIVISIM IPUOHBIX OPTaHM3MOB. B HacTos e
pab6oTe o6o6mmena nHdopmalusa 1o dhayHe Kielnei
poxna Tyrophagus, paciipoCTpaHeHHbIX Ha TEPPUTOPUU
Poccuu, IpuBeIeHbl HOBbIE CBEIEHUS O HaxOomKax
T. fanetzhangorum Klimov & OConnor, 2009 Ha Teppu-
Topuu EBpometickolt uactu Poccun. [TpoBeieHa OlleH-
Ka M3MEHYMBOCTHU OTJIEJIbHBIX IMaTHOCTUUYECKUX IPH-
3HaKkoB T. putrescentiae U3 Pa3HbIX reorpa@ruyecKux
JIOKAQJIMTETOB: TTIOKa3aHa BapuabeIbHOCTb IPU3HAKOB:
¢opMa BepIIMHLI COJIEHUAUA wl Ha Jankax [; hopma
$CX; PACIIONIOKEHVE Tap3aJIbHBIX KOTYJISTUBHBIX IPU-
COCOK Ha Jianke [V caM110B; IIpeiCTaBJIEHbI JUATHOCTU -
YyecKue IIPU3HaKY, II03BOJIAIONIE OTINUNTD JaHHBIN
BU/[I OT IPOYUX BUIOB pona Tyrophagus ayHsr Poccumn.
B xoze vcciemoBaHUsA BbIIBIIEHO, UTO ITPU3HAK «OTCYT-
CTBUE TJIA3HbBIX MSITEH» XapaKTEPEH [IJIST CJIEIYIONIUX
BunoB: T. formicetorum, T. molitor, T. mixtus. [IpuBeneHa
oIpefieNIMTeIbHASA Ta0IUIa BAXKHENIIMX B GUTOCAHU-
TAaPHOM OTHOLIEHUYW BUIOB pona Tyrophagus dayHbl
Poccuu ¢ y4eToM MpeIIeCTBYIOUIUX UCCIeJ0BAHUN
110 TAKCOHOMUY 1 HOMEHKJIaType 00Cy»X1aeMoTo Poia.
CTaThsd COLEPXXUT OPUTHHAJIbHBbIE MUJJIIOCTPAIlUU
KJIFOUEBBIX IMATHOCTUYECKUX ITPU3HAKOB. [Ipencras-
JieHHas nHMOpPMAaIMg MOXKeT ObITH ITOJIe3Ha B MpPaK-
THYECKOU paboTe CIIENaNiCTOB B 00J1aCTU 3alUThI
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ABSTRACT
The article is devoted to the identification of phytosa-
nitary important species of the genus Tyrophagus in the
fauna of Russia, primarily, T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844), T. vanheurni Oude-
mans, 1924, T. perniciosus Zachvatkin, 1941, which
damage plant products during storage: grain, root
crops, bulbs, seeds of agricultural crops, peanuts, etc.;
vegetable crops in protected ground, including when
used as a trophic substrate for predatory mites — bio-
control agents, and (less often) open ground, industri-
al fungi crops; in phytopathological laboratories they
can destroy mycological cultures causing damage to
biocollections of fungal organisms. This paper sum-
marizes information on the fauna of mites of the ge-
nus Tyrophagus common in Russia, and provides new
records on T. fanetzhangorum Klimov&OConnor 2009
from the European part of Russia. An assessment of
the variability of some diagnostic characters of T. pu-
trescentiae from different geographic localities is made.
The variability of the characters is shown: the shape
of the apex of the solenidium w1 on tarsi I; the shape
of scx; the location of the suckers on tarsi IV of males.
Diagnostic characters are presented that allow distin-
guishing T. putrescentiae from other Tyrophagus species
in the fauna of Russia. The study revealed that the “ab-
sence of eyespots” is typical of the following species:
T. formicetorum, T. molitor, T. mixtus. A key to the phy-
tosanitary important species of the genus Tyrophagus
in the fauna of Russia is provided, taking into account
previous studies on the taxonomy and nomenclature
of the genus under discussion. The article contains
original illustrations of key diagnostic characters. The
information presented may be useful in the practical

Aeryct N2 3 (24) 2025 57



WOEHTUOUKALMA  IDENTIFICATION

pacTeHui, B TOM 4yucje 6MOMeTo/ia, COTPYIHNUKOB Ka-
PaHTUHHBIX QUTOCAHUTAPHBIX JIAG0PATOPUIL, aTPOHO-
MOB-PaCTEHUEBOIOB U .

Knrwuesvle croea. 3amyTa pacTeHWU, OUATHO-
CTUMKAa, BPEIUTEJIU 3aI1aCOB, BPEIUTENU 3alIUIIEHHO-
T'0 I'PYHTA, aKaPOUIHbIE KIIEIIHU.

BBEJEHUE

THEeJbHbIE BUIBI Kiellei poga Ty-
rophagus Oudemans, 1924 umerwT
tutocanuTapHoe 3HaueHue (3a-
XBaTKWUH, 1941; BoaruH, 1953; Rob-
ertson, 1959; Jlupmuii, 1990; JIus-
muiL u ap., 2011 u np.). B ycimoBusx
xpanenus T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844)
u T. vanheurni Oudemans, 1924 moBpeXx1a0T 3epHO,
KOPHEILJIO/BI, TYKOBUIIbI, CEMEHA CEJIbCKOX03MCTBEH-
HBIX KYJIBTYD, apaxuc u Aap. Cpeiy BpeuTesiel OBoIl-
HBIX KYJIbTYP 3al[AIEHHOTO U (PEXKE) OTKPHITOTO TPYH-
Ta oTMeueHbl T. putrescentiae, T. longior u T. perniciosus
Zachvatkin, 1941 (KomaueBa, 1982; AxaTtos, VxeB-
ckuit, 2004; Oliveira et al., 2007). Kpome Toro, T. putres-
centiae MOXKET Pa3BUBAThCS B MacCe M HAHOCUTD yIep6
MIPOMBIIIJIEHHBIM KyJbTypaM TPUOOB, HANIPUMED
maMnuHaboHaM (Jlusmui u gp., 2011), B putomaTo-
JIOTUYECKUX JIJaboPaTOPUAX ITPU HEKOHTPOJIUPYEMOM
Pa3BUTUU MOXET MOEJATh U LAXKe MTOJTHOCTHI0 YHUUTO-
JKaTh MUKOJIOTUYECKYE KyJIbTYPhl, HAHOCS HeIloIpa-
BUMBIN YPOH GMOKOJIEKIIUSAM IPUGHBIX OPTaHU3MOB
(cMm. puc. 1). B pszie caydyaeB OTMEYAETCs, YTO ITOT BU[L
KJIeIla UCIT0JIb3yeTCs B KauecTBe TPOhUUeCcKor 6a3bl
[IJIsl areHTOB 0MOJIOTUYECKOT0 KOHTPOJISA — XUITHBIX
kyemnieit (Pirayeshfar et al., 2020; KpacaBuHa, Tparies-
HUKOBa, 2022), TO3TOMY MOXKET ITPOHUKATh BMECTE
C TTOCJIeAHVUMHU B 3alUIIEHHBIN IPYHT, TOBPEX1as
OBOIIIHbIE KYJIBTYPHI, B TOM YHMCJIE alTUKAJbHbIE MEPU-
creMbl (mepc. coobir.). [Tomumo storo, T. putrescentiae
peryjupyeTcs B KaueCcTBe KapaHTUHHOTO 00beKTa
B Pecniybsiuke VIHIMOHE3MS U yKa3aH B (huTocaHUTAD-
HBIX TpeboBaHUusAX HapomHot Pecrrybavuky BaHriament
B OTHOIIEHWHU 3ePHa IIIeHUIIbI Ha CEMEHHbIE LeJIN.

B mesoM BumoBas WAeHTUDUKAIIUSA KIellei
pozna Tyrophagus TpeiCTaBJIIeTCsI HEITPOCTOM 3aavueit
(Stejskal et al., 2025), B ToM umciie u3-3a Bapuabesib-
HOCTH pAa AUAarHOCTUYECKUX NIPU3HAKOB. Kpome
TOT0, IPEJICTABJIEHNS O TAKCOHOMUY U HOMEHKJIAType
TPYIIThI HEOJLHOKPATHO IMepecMaTpruBaIucCh (3axBaT-
Ku1H, 1941; Boarus, 1949; Robertson, 1959; Samsinak,
1962; Fan, Zhang, 2007a,b): B YyaCcTHOCTHU, IpuMeYa-
TeJieH cjydall ¢ BUAOM-ABOWHUKOM T. putrescentiae
(Fan, Zhang, 2007a,b; Klimov, OConnor, 2009, 2010,
2015). Heo6xomuMo TaK)Xe OTMETUTH, UTO, CIeLys
tpamzunuy A, A. 3axBaTkuHa (1941), B 0Te4eCTBEHHOMH
JINTEPATypPe 10 CeTbCKOX03AMCTBEHHOUN aKapoJIOTUn
(Komauesa, 1982; Jlusmuli, 1990; AxaToB, VI)KeBCKUH,
2004; JuBmwuIl u Ap., 2011) UCIOIB3YeTCSI YaCTUUHO

1 B pycckossbluHon nutepatype (BonruH, 1975; Nlvswwy,
n ap., 2011) yacTo NPMBOAMTCS MNAALWNA CUHOHUM 3TOrO
Bupa — T. palmarum Oudemans, 1924 (Fan, Zhang, 2007b)

work of specialists of plant protection, including bio-
control, quarantine phytosanitary laboratories, agro-
nomists, etc.

Key words: plant protection, diagnosis, storage
pests, greenhouse pests, acaroid mites.

INTRODUCTION

ertain mite species of the genus Tyrophagus

Oudemans 1924 have phytosanitary signifi-

cance (Zachvatkin, 1941; Volgin, 1953; Rob-

ertson, 1959; Livshits, 1990; Livshits et al.,

2011, etc.). In storage conditions, T. putre-
scentiae (Schrank 1781), T. longior (Gervais 1844) and
T. vanheurni Oudemans 1924! damage grain, root
crops, bulbs, seeds of agricultural crops, peanuts,
etc. Among the pests of vegetable crops in protected
and (less often) open ground are noted T. putrescenti-
ae, T. longior and T. perniciosus Zachvatkin 1941 (Kopa-
neva, 1982; Akhatov, Izhevskiy, 2004; Oliveira et al.,
2007). Besides, T. putrescentiae can develop massively
and cause damage to industrial fungi crops, such as
champignons (Livshits et al., 2011); in phytopatho-
logical laboratories, if uncontrolled, it can feed on
and even completely destroy mycological cultures,
causing irreparable damage to biocollections of fun-
gal organisms (Fig. 1). In some cases, it is noted that
this mite species is used as a trophic base for biologi-
cal control agents — predatory mites (Pirayeshfar et
al., 2020; Krasavina, Trapeznikova, 2022), therefore,
it can be transmitted into protected soil together with
the latter, damaging vegetable crops, including apical
meristems (pers. comm.). In addition, T. putrescenti-
ae is regulated as a quarantine species in the Repub-
lic of Indonesia and is listed in the phytosanitary re-
quirements of the People’s Republic of Bangladesh for
wheat grain for seed purposes.

In general, species identification of the ge-
nus Tyrophagus is a challenging task (Stejskal et al.,
2025), including due to the variability of some diag-
nostic characters. In addition, conceptions about the
taxonomy and nomenclature of the group have been
repeatedly revised (Zachvatkin, 1941; Volgin, 1949;
Robertson, 1959; Samsindk, 1962; Fan, Zhang, 2007a,
b), in particular, the case of the cryptic species of T.
putrescentiae is noteworthy (Fan, Zhang, 2007a, b;
Klimov, O’Connor, 2009, 2010, 2015). It should also
be noted that, following the tradition of A.A. Zachvat-
kin (1941), in the Russian literature on agricultural
acarology (Kopaneva, 1982; Livshits, 1990; Akhatov,
Izhevsky, 2004; Livshits et al., 2011) a partially out-
dated nomenclature of setae is used, which can cause

1 In Russian-language literature (Volgin, 1975; Livshits et al.,
2011) a junior synonym of this species is often given —
T. palmarum Oudemans, 1924 (Fan, Zhang, 2007b)
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ycTapeBIIas K HaCTOSIIEMY Bpe-
MEHM HOMEHKJIaTypa IEeTUHOK,
YTO MOXKET BbI3BATh CJI0XKHOCTH
Yy HETOATOTOBJIEHHOTO CITEIU-
anucra npu paboTe C coBpe-
MEHHBbIMU UCTOYHUKaAMU. Eciin
XapaKTepu30BaTb M3BECTHHIE
TEeXHUYECKUE JOKYMEHTHI,
TO B METOAUYECKUX YKA3aHUAX
MVYK 4.2.1479-03 (2003) maHa
ompenenuTesibHasg Tabauiia
TOJIBKO JI0 POJIOBOTO YPOBHS,
a uMmewmuecsa 'OCTsI (Hampu-
mep, 'OCT 13586.4-83; I'OCT
13586.6-93; I'OCT 34165-2017)
CcolepIKaT JIUIIb KPATKYIo CIIpa-
BOYHY MH(MOPMAIIUIO U HE I10-
3BOJISIOT IIPOBECTHU JOCTOBEP-
HYI0 BUZOBYIO UIeHTU(GUKAIIAIO

aKapOUJHBIX Kilelell. C y9eTOM  pyc. 1. YanuHeHHbli (FHUAOCTHBI, 3sepHoeoi)  Fig. 1. The mite T. putrescentiae
BCEr'0 BBIMIEM3JIOXKEHHOTO OJIS  knew, T. putrescentiae nutaetca nabopatopHoit  feeds on a laboratory fungal

MPaKTUKU 3alUTHI M KAPAHTU-  KynbTypol rpuboe (hoto: M. O. Kamaes)

Ha PacTeHW UMeeT 3HAUEeHUe

aKTyaJau3alus CBeIeHun 1o MOp(MOIOrunuecKoi ueH-
TudUKaAIMY BUIOB Kielei poma Tyrophagus, BCTpeva-
oUUXcs Ha TeppuTtopum Poccuu. Hacrosias my6Jiu-
Kallys B U3BECTHOU CTEIIEHU MOCBAIIeHa PENIEHUT0
JIAaHHOTO BOITPOCA.

MATEPUAJIBI U METO/1bI

Brlnu mccnemoBaHbl cienywiiue BuAbl poga Tyro-
phagus, pactipocTpaHeHHbIe Ha TEPPUTOPUU Poccum
¥ CONpeNebHbIX CTPaH, U3 KOJIJIEKIINN 300JI0THYe-
ckoro uHcTtuTyTa PAH (3UH, cM. puc. 2) u ®TI'BY «Bce-
POCCHUMCKUI IEHTP KapaHTUHA pacTeHuii» (BHUMKP):

— T. formicetorum Volgin, 1948. 3H: 29, Poc-
cus, CMoJieHcKas o6acTb, 1939 1., ¢6. B. 1. Boarus,
14, 19, Poccus, JleHuHTpaackas obaacts, 1959 r.,
c6. B. I1. Bosrus,

— T. longior (Gervais, 1844). 3VIH: 74, 39, Poccus,
JlenmHrpaackas obaactb, 1954-1959 rr.; 14, Poccus,
Kuposckas obyacts, 1944 1.%;

— T. mixtus Volgin, 1948. 3VIH: 1J, 39, Poccus,
Tomckas objiacTb, 19391,

— T. molitor Zakhvatkin, 1941. 31H: 37,109, Asep-
6anmkan (HaxuueBaHb), pacT. ocTaTky, 5.XI11.1967 r,,
c6. I. III. Kamxas; 14, 29, I'pysus, pacT. OCTaTKH,
5.V.1966 1., c6. I. I1I. Kamxas;

— T. perniciosus Zakhvatkin, 1941. 3WH: 17, 12,
Poccusg, CMmoneHckada obnacTb, 1940 r.; 19, Poccus,
Kuposckag ob6yacTb, 1944 1.3; 13, 42, Poccus, Capa-
TOBCKasg ob6JiacThb, 1955 .;

— T. putrescentiae (Schrank, 1781). 3IH: 19, Cmo-
JeHckag ob6sacTs, 1939 r.; 14, 19, BopoHexckag
obsacTb, 1954 1.; 24, 29, JleHuHrpaackas o6JacTh,
1959-1960 rr.; 24, 29, AsepbaliixaH, KapToheb,

2 KoMMeHTapwuii k MaTepuany no T. longior v T. perniciosus.

B 1938-1939 rr. B Op1yeBCcKoOM parioHe KnpoBckoi obnactu
(kak yKasaHo B 3TUKeTKe K MUKponpenapary, CM. puc. 2)

no akapougHblM knewam pabotan C. B. CopokuH (1940),
onpepeneHve matepuana npoBOAMIOCH NOA, PYKOBOACTBOM
A. A. 3axBaTKMHa. B aTvKeTKe nocrnegHUin ykasaH B KavyecTee
nuua, onpefenuBLLEro MaTepuan, Ho ¢ npuseaeHnem 1944 r.
(BO3MOXXHO, 3aMu1caH rof, NpoBeaeHUs naeHTUduKaumum,

a He cbopoB).

3 CM. npefbloyLnin KOMMEHTapWIA.

culture (photo by I.0. Kamayev)

difficulties for an untrained specialist when working
with modern sources. If we characterize the known
technical documents, then the methodological guide-
lines MUK 4.2.1479-03 (2003) provide a key only to
the generic level, and the existing national standarts
(for example, GOST 13586.4-83; GOST 13586.6-93;
GOST 34165-2017) contain only brief reference infor-
mation and do not allow for reliable species identifi-
cation of acaroid mites. Taking into account all of the
above, for the practice of plant protection and quaran-
tine, it is important to update the information on the
morphological identification of the mite species of the
genus Tyrophagus recorded in Russia. This publication
is to a certain extent devoted to solving this issue.

MATERIALS AND METHODS

The following species of the genus Tyrophagus com-
mon in Russia and neighboring countries were stud-
ied from the collections of the Zoological Institute of
the Russian Academy of Sciences (ZIN, Fig. 2) and the
All-Russian Plant Quarantine Center (VNIIKR):

T. formicetorum Volgin 1948. ZIN: 29, Russia, Smo-
lensk Oblast, 1939, coll. V.I. Volgin; 15, 19, Russia,
Leningrad Oblast, 1959, coll. V.I. Volgin.

T longior (Gervais 1844). ZIN: 73, 39, Russia, Len-
ingrad Oblast, 1954-1959; 14, Russia, Kirov Oblast,
19442,

T. mixtus Volgin 1948. ZIN: 14, 39, Russia, Tomsk
Oblast, 1939.

2 Comment on the material on T. longior and T. perniciosus.
In 1938-1939, in the Orichevsky district of the Kirov Oblast
(as indicated in the label to the microscope slide, see Fig. 2),
S.V. Sorokin (1940) studied acaroid mites, the identifica-
tion of the material was carried out under the supervision

of A.A. Zachvatkin. In the label, the latter is indicated as

the person who identified the material, but with the year
1944 (possibly, the year of identification is indicated,

not the year of collection).
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1969 1.; 14, 29, Y3bekucTaH, jjab. GUTOMNATOJOTUHU:
KoJL1. Tpu6oB, 1960 1.; 24, 29, TagKUKUCTaH, THU-
o1, 16JI0KO, pacT. ocTaTku, 1969-1971 rr.; BHUUKP:
433,609, MockoBckas obmacTs, BHUMKP, mabopaTop-
HblEe KyJIbTypbl HACEKOMBIX U rpubos, 2019-2023 rr.,,
coopmuk (manee — c6.) Y. O. Kamaes; 14, 29, MockBa,
6uomabopaTopus, 2017 r., c6. A. K. AxaTos; 19, Huxe-
ropojckas ob6iacts, 2018 1., ¢6. A. K. Axartos; 14, 12,
KapauaeBo-Uepkecus, 2018 ., ¢6. A. K. Axatos; 15,29,
HoBocubupckas o6y1acTb, TETINIIA, Ha orypile, 2017 1.,
cb. A. K. AxaToB;

— T. similis Volgin, 1949. 3UH: 24, 49, Poccus,
CMmoseHcKas obyracth, 1939 1.

— T. vanheurni Oudemans, 1924. 3UH: 57, 79,
Poccus, CaukT-IleTepbypr (Jlenunrpan), 1940-e rr.,
¢6. B. V. Bonrus;

— T. zachvatkini Volgin, 1948. 3VIH: 19, Poccus,
CMoJsieHCKasg obsacTb, 1939 r., ¢6. B. Y. Boaruu; 34,
29, Poccus, JleHuHTpaackas objaacTtb, 1958-1965 rr.,
c6. B. V. BosiruH.

HomeHkJIaTypa WEeTUHOK Teja NPUBeJeHa
o Griffiths et al. (1990), Hor — mo Grandjean (1939).

MuxkporipenapaTsl UCCIEI0BAIY B IIPOXOIAIIEM
CBeTe C MOMOIIbI0 MUKPOoCcKomoB Olympus BX53, ocHa-
1eHHOro JuddepeHIIaIbHO-UHTEP(PEPEHIIMOHHBIM
KOoHTpacToM u orokaMepoit Olympus U-TV0.63XC
(3VIH PAH), u ZEISS Axio Imager 2, ocHalieHHOTO ha-
30BbIM (PH) u guddepeniiuanbHo-uHTEPhEPEHIIN-
ouHbIM (DIC) KOHTpacTamu (J1abopaTopUs SKOJIOTUM
U TeHeTUKU HaceKOoMbIX U Kienieid ®I'BY «BHUUKP»).
B nocnenueM ciydae poTorpadupoBaHME U IOCIENY-
1o11as1 06paboTKa UIIIOCTPAIIUY OBLIIU OCYIECTBIIEHbI
C TIOMOIIbIO MPOTPAaMMHOTO obecrneueHus Zen 2.3.
duHanbHasa o6paboTka daiiia n306paKeHUs ITPOBO-
nuiach B mporpamme GIMP 2.10.

PE3VJIBTATBI

YTOUYHEHUE CBEJIeHUIl M0 BUOBOMY COCTaBY KJle-
meii poga Tyrophagus dayusr Poccun. VizBecTHas
dayna kiereit poga Tyrophagus Tepputopuu Poccuu
K HACTOSIIEMY BPEMEHM HACUUTBIBAET 110 MEHBIIEH
Mepe 10 BumoB (3axBaTkuH, 1941; Boarun, 1948,
1949, 1975; KomaueBa, 1982; IMuBenub, 1983; Kli-
mov, Tolstikov, 2011; Jlupmu, u ap., 2011). Hapsay
c obHapyxeunbiMu T. longior u T. putrescentiae’, axa-
pogsoramu A. A. 3axBaTkuHbiM (MI'Y) u B. Y. Boaru-
HbIM (3VH) 0bL1M onicaHbl 7 BumoB: T. molitor Zach-
vatkin, 1941; T. perniciosus Zachvatkin, 1941; T. silvester
Zachvatkin, 1941; T. formicetorum Volgin, 1948;
T. mixtus Volgin, 1948; T. zachvatkini Volgin, 1948;
T. similis Volgin, 1949.

B kauecTBe JOTTOTHUTEBHOI'0 KOMMEHTaPU YKa-
JKeM, 4TO cylnecTByeT pa6ora CopokrHa (1952), B Ko-
TOPOY KPaTKO OITMCcaHbI 2 Buna — Tyrophagus vjatskensis
Sorokin, 1952 u T. vjatscheslavi Sorokin, 1952 u3 my-
PaBbUHBIX I'HE3], BOJIOTOACKOM 06J1aCTU. ITH BULOBBIE
Ha3BaHUS IPUBOAATCS B HECKOJIBKMX PaboTax 3TOTO JKe
aBTopa (CopokuH, 1953, 1960), a TakKke B paszee
species incertae sedis crarsu Robertson (1959) c yka-
3aHVEM O CXOICTBE C TEMU WJIV UHBIMU U3BECTHBIMU
BUJIaMHU, B TOM YMCJIe OIIMCAaHHBIMY BoaruubiM (1948)

4 Klimov, Tolstikov (2011) ykasbiBatoT, YTO HAXOAKMN

T. putrescentiae, cpenaHHble Ha TeppuTopun Poccum

00 2007 r., HyxpatoTca B Bepudmkauum (no-sMammomy,
13-3a BUOa-0BONHNKA).

T. molitor Zachvatkin 1941. ZIN: 34,109, Azerbai-
jan (Nakhichevan), plant remains, December 5, 1967,
coll. G.Sh. Kadzhaja; 1, 29, Georgia, plant remains,
May 5, 1966, coll. G.Sh. Kadzhaja.

T. perniciosus Zachvatkin 1941. ZIN: 14, 19, Rus-
sia, Smolensk Oblast, 1940; 19, Russia, Kirov Oblast,
19443, 14, 49, Russia, Saratov Oblast, 1955.

T. putrescentiae (Schrank 1781). ZIN: 19, Smolensk
Oblast, 1939; 14, 19, Voronezh Oblast, 1954; 24, 29,
Leningrad Oblast, 1959-1960; 24, 29, Azerbaijan, po-
tato, 1969; 14, 29, Uzbekistan, phytopathology lab:
fungi collection, 1960; 24, 29, Tajikistan, rotting apple,
plant remains, 1969-1971; VNIIKR: 437, 609, Mos-
cow Oblast, VNIIKR, laboratory cultures of insects and
fungi, 2019-2023, coll. 1.0. Kamayev; 143, 29, Moscow,
biolaboratory, 2017, coll. A.K. Akhatov; 19, Nizhny
Novgorod Oblast, 2018, coll. A.K. Akhatov; 14, 19, Ka-
rachay-Cherkessia, 2018, coll. A.K. Akhatov; 13, 29,
Novosibirsk Oblast, greenhouse, on cucumber, 2017,
coll. A.K. Akhatov.

T. similis Volgin 1949. ZIN: 24, 49, Russia, Smo-
lensk Oblast, 1939.

T. vanheurni Oudemans 1924. 3UH: 54, 79, Russia,
Saint Petersburg [Leningrad], 1940s, coll. V.I. Volgin.

T. zachvatkini Volgin 1948. ZIN: 19, Russia, Smo-
lensk Oblast, 1939, coll. V.I. Volgin; 34, 29, Russia,
Leningrad Oblast, 1958-1965, coll. V.I. Volgin.

The nomenclature of the body setae is given ac-
cording to Griffiths et al. (1990), the legs — according
to Grandjean (1939).

The slides were examined in transmitted light
using an Olympus BX53 microscope equipped with
differential interference contrast and an Olympus
U-TVO0.63XC camera (ZIN RAS), and a ZEISS Axio
Imager 2 equipped with phase (PH) and differential
interference (DIC) contrasts (Laboratory of ecology
and genetics of insects and mites, VNIIKR). In the lat-
ter case, photography and subsequent processing of
illustrations were carried out using Zen 2.3 software.
The final processing of the image file was carried out
in GIMP 2.10.

RESULTS

Clarification on the mite species composition of the
genus Tyrophagus in the fauna of Russia. The known
fauna of mites of the genus Tyrophagus in Russia cur-
rently includes at least 10 species (Zachvatkin, 1941;
Volgin, 1948, 1949, 1975; Kopaneva, 1982; Piven,
1983; Klimov, Tolstikov, 2011; Livshits et al., 2011).
Along with the detected T. longior and T. putrescentiae®,
acarologists A.A. Zachvatkin (Moscow State Universi-
ty) and V.I. Volgin (ZIN) described 7 species: T. molitor
Zachvatkin 1941, T. perniciosus Zachvatkin 1941, T. sil-
vester Zachvatkin 1941, T. formicetorum Volgin 1948,
T. mixtus Volgin 1948, T. zachvatkini Volgin 1948, T. si-
milis Volgin 1949.

3 See previous comment

4 Klimov, Tolstikov (2011) indicate that T. putrescentiae
reports made in Russia before 2007 need to be verified
(apparently due to a cryptic species).
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cHu3y Beepx: 1 - T. longior ns
KupoBckoit o6nacTtu, onpegesneH

A. A. 3axBaTKUHbIM B 1940-e IT. KaK

T. tenuiclavatus; 2 - T. molitor ns cbopos
I. WW. Kapgykasa; 3 — T. zachvatkini,
cob6paHHbIN 1 onpegeneHHbIn

B. W. BonruHbiM; 4 - T. putrescentiae,
Cco6paHHbIVi C UMMOPTUPYEMbBIX

nnogos 6aHaHa us MBrHen B 1961 T.

1 BNOCNeACTBUM ONpeaeneHHbln

C. B. MupoHoBbiM (choTto: U. O. Kamaes)

Fig. 2. Slides of mites of the genus
Tyrophagus from the collection

of the Zoological Institute of the
Russian Academy of Sciences, from
bottom to top: 1 — T. longior from Kirov
Oblast, identified by A.A. Zachvatkin
in the 1940s as T. tenuiclavatus;

2 - T. molitor from the collections of
G.Sh. Kadzhaja; 3 - T. zachvatkini,
collected and identified by V.I. Volgin;
4 - T. putrescentiae, collected from
imported banana fruits from Guinea in
1961 and subsequently identified by
S.V. Mironov (photo by I.0. Kamayev)

As an additional comment, we
note that there is a work by Sorokin
(1952) that briefly describes 2 spe-
cies — Tyrophagus vjatskensis Sorokin,
1952 and T. vjatscheslavi Sorokin, 1952
from ant nests of Vologda Oblast (Eu-
ropean Russia). These species names
are given in several works by the same
author (Sorokin, 1953, 1960), as well
as in the section “species incertae se-
dis” of the article by Robertson (1959)
with an indication of the similarity
with certain known species, including
those described by Volgin (1948) from
collections from ant nests of Leningrad
Oblast. In the revision by Sams§inak
(1962), nomenclatural changes were
quite justified (with the use of material
from the ZIN collection): T. vjatskensis is
ajunior synonym of T. zachvatkini, while
T. vjatscheslavi is a junior synonym of
T. formicetorum.

Later, T. curvipenis Fain & Fauvel
1993 was detected on imported fruits
in Siberia (Murillo et al., 2018), indicat-
ing the possibility of this species being
introduced in Russia.

It should be noted that most of
the mentioned works, except Klimov,
Tolstikov (2011), do not take into ac-
count data on the cryptic species
of the widespread mite T. putrescen-
tiae — T. fanetzhangorum Klimov&OCon-
nor 2009°. The latter species was previ-
ously unknown in the fauna of Russia,
here is information about its records:

Tyrophagus fanetzhangorum
Klimov & OConnor 2009

Material: 24, 29, VNIIKR: Russia,
Moscow, on cucumber (Cucumis sati-
vus), 10.1.1999, coll. A.K. Akhatov; 44,
3%, VNIIKR: Russia, Chuvashia, village
Yurakovo. 9.11.2022, coll. A.K. Akhatov.

Morphological characters of the
male and female are shown in Fig. 3
and 4, respectively.

The diagnostic character - eye-
spots on the propodosoma in species
of the genus Tyrophagus in the fauna
of Russia. This character in Tyropha-
gus was described in the work of Lynch

1o c6opaM U3 MypaBeHUKOB JIeHUHI'PAJCKOi 06Ja-
ctu. B peBusuu SamsSindk (1962) BriosiHe 060CHOBaHO
MIPOBENEHBI HOMEHKIIATYPHbIE U3MEHEHUS (C IPUBIIE-
YyeHreM MaTepuasia u3 Kojutekiuu 3VH): T, vjatskensis —
mitagmuii cuHoHuM T. zachvatkini, Torna kak T. viatsche-
slavi — mpammuit cuHoHuM T. formicetorum.

[To3nHee B Cubupy HA UMITOPTUPYEMBIX IJIOIaX
6B BRIsIBIIEH T. curvipenis Fain & Fauvel, 1993 (Murillo
etal., 2018), YTO CBUIETEIBCTBYET O BOBMOXKHOCTH Ha-
XOXKIEHUS 3TOTO BUIa Ha TeppuTopuu Poccum.

Heo6xX0oouMO OTMETUTb, YTO OOJBUIMH-
CTBO YHOMSAHYTBHIX paboT, kpome Klimov, Tols-
tikov (2011), He yYUTHIBAIOT CBEJEHUS II0 BULY-
IBOMHMKY IIMPOKO PACIPOCTPAHEHHOTO KJella

(1989). Fain, Fauvel (1993) compiled an identification
key for species of the genus Tyrophagus that have eye-
spots on the propodosoma. Subsequently, the state of

5 Fan and Zhang (2007b) first demonstrated the existence

of two cryptic species under the single name T. putrescentiae.
Klimov and O’Connor (2009, 2010, 2015) convincingly
argued that T. putrescentiae is the valid name for the
common species, while the cryptic species was named

in honor of the first two authors.
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Puc. 3. Tyrophagus fanetzhangorum, camel,
(BHUUKP), pnarHoctuyeckune npusHaKku, pumckume
LMpbl MAapKUPYIOT COOTBETCTBYIOLLME HOTH,
MHOEeKcaMu 0603HaYeHbl LWEeTUHKU:

1 - nponofocoMa, Kpy>XKOM noKasaHo rnasHoe
NATHO, MHAEKCOM 0603HaYeH laTepPOKOKCaIbHbIN
opraH scx, DIC; 2 — nogocoma BEHTpasibHO: crpasa
MHOEKCOM MoKasaH Tasuk II, nuHus nogyepkusaeT
BOTHYTYt0 hopMy cknepoTusaumu, PH;

3 —4acTb A0opCcoLEeHTpanbHOro xetoma, DIC;

4 — yacTb BEHTPasbHOWM NOBEPXHOCTU Tena, Kpyrom
BblAeneH apearyc (pasmelLeH He NOTHOCTbIo
natepanbHo), o603HaueHa weTuHka 4a, DIC;

5 - coneHnpun w1 Ha nankax I n II, DIC;

6 — nanka IV, ctpenoykamu nokasaHbl Tap3asbHble
KonynsaTuBHble npucocku, DIC (hoTo: U. O. Kamaes)

Fig. 3. Tyrophagus fanetzhangorum, male (VNIIKR), diagnostic
characters, Roman numerals mark the corresponding legs, indices
indicate the setae: 1 — propodosoma, circle shows eyespot,

index indicates supracoxal setae scx, DIC;

2 — podosoma ventrally: on the right, the index shows coxa II,

the line emphasizes the concave shape of the sclerotization, PH;

3 - part of the dorsocentral chaetome, DIC;

4 - part of the ventral surface of the body, the aedeagus is highlighted
around it (not completely located laterally),

the seta 4a is indicated, DIC; 5 - solenidia w1 on legs I and II, DIC;
6 — tarsus IV, arrows indicate suckers, DIC (photos by I.0. Kamayev)

dutocaHuTapusi. KapaHTUH pacTeHuii
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Puc. 4. Tyrophagus fanetzhangorum, camka (BHUUKP),
AmnarHoctuuyeckume npusHaku: 1 — nponogocoma, DIC;

3 —vacTb LOPCOLEHTPANIbHOIO XeToMa, UHAEeKCaMu
o0603HaueHb! weTtnHku, DIC (doTo M.0. Kamaes)

Fig. 4. Tyrophagus fanetzhangorum, female (VNIIKR),
diagnostic characters: 1 — propodosoma, DIC;

2 - nopocoMa BeHTpanbHO: cnpaBa MHAEKCOM nokasaH Tasuk II, 2 — podosoma ventrally: on the right, the index shows
JINHUSA NogYepKMBaEeT BOrHYTYH hopMy cknepoTusauum, PH; coxa II, the line emphasizes the concave shape

of the sclerotization, PH; 3 — part of the dorsocentral
chaetome, indices indicate setae, DIC (photos by I.0. Kamayev)

Puc. 5. ®opma cknepoTtusaumm nesbix Tasukos II n eé
BapuabenbHocTb y ocobeit Tyrophagus fanetzhangorum
(2-3, PH, BHUUKP) u T. putrescentiae (4-5, PH, BHUUKP;
6-8, DIC, 3UH) (¢hoTo: U. O. Kamaes)

T. putrescentiae — T. fanetzhangorum Klimov & OConnor,
2009°. lTocaenHUM BUJL IO HACTOSIEeTO0 BpeMeHU
He 6bLT M3BeCTeH A1 hayHb Poccuu, MPUBOIUM CBe-
JIeHUS O eT0 HaXOJKe:

Tyrophagus fanetzhangorum
Klimov & OConnor, 2009

Marepuain: 24, 29, BHUUKP: Poccusi, MockBa,
Ha oryp1ie (Cucumis sativus), 10.1.1999, cb. A. K. AxaTos;
44, 39, BHUUKP: Poccus, Yysaius, nep. lOpakoso.
9.11.2022, c6. A. K. AxaToB.

Mopdosornyeckre IpU3HaAKK caMIila U CaMKU
IpeAcTaBjeHbl Ha PUC. 3 U 4 COOTBETCTBEHHO.

XapaKTepHUCTHKAa JUAarHOCTHUYECKOro IpH-
3HaKa — IJIa3Hble MISATHA HA MPOIMO0/0COMe Y BUJOB
poaa Tyrophagus daynbl Poccuu. JITaHHBIN ITPU3HAK
y KJteren pona Tyrophagus 6L onrcaH B paboTe Lynch
(1989). Fain, Fauvel (1993) cocTaBuiu OTIPEIeINTEb-
HBIN KJII0Y BUI0B poja Tyrophagus, y KOTOPBIX UMEOT-
cs rJasHble MISITHA Ha MTPOTO0CoMeE. BIIOCIeCTBUY

5 Bnepsble Fan 1 Zhang (2007b) nokasanu cywecTBoBaHne
[BYX BUAOB-ABONHMKOB, MOHNUMAEMbIX MOL, OAHUM
HasBaHueM T. putrescentiae. Klimov n OConnor (2009, 2010,
2015) ybeputenbHo obocHoBanu, uto T. putrescentiae
SIBNSIETCSH BaIMAHbBIM Ha3BaHWEM A15 LUIMPOKO MOHUMAeMOro
BMAQ, TOrAa Kak BUAY-ABOMHUKY ObiN0 AaHO HasBaHve

B UECTb NEPBbIX ABYX aBTOPOB.

Fig. 5. Sclerotization shape of left coxae II and its
variability in Tyrophagus fanetzhangorum (1-3, PH, VNIIKR)
and T. putrescentiae (4-5, PH, VNIIKR; 6-8, DIC, ZIN)
(photos by I.0. Kamayev)

the feature — the presence or absence of eyespots — was
included in the identification keys in the works of Fan,
Zhang (2007b), Fayaz et al. (2016), Masoudian et al.
(2018).

Among the species of the genus Tyrophagus in the
fauna of Russia, the presence of eyespots has been
shown for T. putrescentiae and T. fanetzhangorum (Lynch
1989; Fain, Fauvel 1993; Fan, Zhang 20074, b; Klimov,
O’Connor, 2009; Fayaz et al. 2016; orig.), as well as for
T. curvipenis (Fain, Fauvel 1993; Fan, Zhang 2007b; Mu-
rillo et al., 2018).

Among the species of the genus Tyrophagus in the
fauna of Russia, the absence of eyespots is known for
T. longior, T. perniciosus, T. similis, T. vanheurni, T. zachvat-
kini (Fan, Zhang, 2007b; Fayaz et al., 2016; Masoudian
et al., 2018), which is also confirmed by the material
from the ZIN collection.

Based on the results of the study of the the ZIN
collection material, it was established that eyespots are
absent in the following three species: T. formicetorum
(Fig. 6.1), T. molitor, T. mixtus (Fig. 6.2).
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COCTOSIHME TIpM3HAaKa — HaJIWYKUe WU OTCYTCTBUE
IJIa3HbIX IITEH ObLIO BKIIOUEHO B OIpeAeuTeIbHbIe
Tabsmiel B paborax Fan, Zhang (2007b), Fayaz et al.
(2016), Masoudian et al. (2018).

Cpenu BunoB poza Tyrophagus dayHsl Poccuu Ha-
JMune IIas3HbIX I9TeH moKasaHo ajs I, putrescentiae
u T. fanetzhangorum (Lynch 1989; Fain, Fauvel
1993; Fan, Zhang 2007a, b; Klimov, OConnor, 2009;
Fayaz et al. 2016; opur.), a Takxe gy T. curvipenis (Fain,
Fauvel 1993; Fan, Zhang 2007b; Murillo et al., 2018).

Cpenu BunoB poma Tyrophagus dayHsl Poccuu
OTCYTCTBUE TJIa3HBIX TATEH uU3BecTHO nusa T. lon-
gior, T. perniciosus, T. similis, T. vanheurni, T. zachvatkini
(Fan, Zhang, 2007b; Fayaz et al., 2016; Masoudian et
al., 2018), uTo Tak)Xe MOATBEPXKAEHO Ha MaTepuaje
n3 KoJuiekuumy 3MH.

[To pesynbTaTaM HCCJeNOBaHUS MaTepuaJia
u3 KoJumekiuy 3VH ycTaHOBIIEHO, UTO TJIa3HbIe TATHA
OTCYTCTBYIOT Y TPEX CIENYIOUUX BULOB: T. formicetorum
(cmM. puc. 6.1), T. molitor, T. mixtus (cM. puc. 6.2).

OLeHKAa M3MEHUYHBOCTH OTAEJIbHBIX JUATHO-
cTUYeCcKux npusHakoB T. putrescentiae 3 pa3HBIX
reorpa(puuecKux JIOKaJIUTETOB. AHAJIN3 NCTOUHIKOB
(BaxBaTkuH, 1941; Robertson, 1959; Boaruu, 1975;
Samsindk, 1962; Johnston, Bruce, 1965; KomnaHesa,
1982; Lynch, 1989; Jlupmuii, 1990; Fain, Fauvel, 1993;
Klimov, OConnor, 2009; Fan, Zhang, 2007b; JiuBuIuij,
u 1p., 2011; Fayaz et al. 2016; Masoudian et al., 2018;
Murillo et al., 2018) 1103BOJIMII BBIIEIUTb HA60P OCHOB-
HBIX JUAaTHOCTUYECKHUX ITPU3HAKOB, KOTOPbIE BKIIIOUEHbI
B Pas3JIUvHbIe CXeMbI uaeHTUUKauu 1. putrescentiae.
Iajee ObLIa IIPOBeIeHa OlleHKA N3MEHUNBOCTU STUX
TIPU3HAKOB y 0c00e} JJaHHOTO BU/IA M3 Pa3HBIX reorpa-
(rueckux sokanuTeToB (Bcero 5443, 769 us Poccun
(8 peruonoB), Azepbaiimxana, Y3bekucraHa, TamKu-
KUCTaHa); C y4eTOM HepaBHOMEPHOTO 06beMa BhIOOPOK
CBSI3b TIPU3HAKOB C JIOKAJUTETAMU HE OIMPEIeIISIN:

— HaJIM4UMe TJIa3HbIX IaTeH (cM. puc. 7.1 u 8.1) —
XapaKTepHO [IJII BCeX UCCIeL0BaHHbBIX 0CO6ei’;

— GoJIbllIag AJMHA IeTUHOK d] 10 OTHOIIEHUIO
K cI u ronensam IV (cM. puc. 7.3) — XapaKTePHO IJIs BCeX
HCCJIeLIOBAaHHBIX 0COOEH;

— cOMMKEeHHOEe PACIIOJIOKeHe EeTUHOK d1 oT-
HOCKUTEeJbHO ¢1 (cM. puc. 7.3) — XapaKTepHO [IJIs BCeX
HCCJIeIOBAaHHBIX 0COOEH;

— BepIlINHA CoJleHnaud wl Ha jiankax [ pacmupe-
Ha (cM. puc. 7.5 u 8.5) — 1) sBHO: 477, 649; 2) HESIBHO
(B CTpyKTypa MUINHAPUYECKAS UIU eTUKOM YTOJI-
menHas): 73, 129;

— (dopma scx: 1) HOpMaJabHasaA — JAHIETOBUI-
Hag, T.e. C IIMPOKUM OCHOBAHKEM, MCTOHYAIOIINMCS
B IJIMHHYIO OCTh (CM. puc. 7.1 u 8.1): 4973, 719; 2) ab6-
HOpMaJIbHas — IMETUHKOBUHAS, B TOM 4Yucjie Qiyk-
Tyupylomas accumerpus (PA), T. e. KOT[Ia C OJHOMU
CTOPOHBI TeJIa SCX JAHI[eTOBUAHBIN, C APYTOy — Ie-
TUHKOBUAHBIN: 5(DA:1)T, 5(DA:3)?;

— IJIVHA e TUHOK 40 OTHOCUTEJILHO JJIMHBI TeHU-
TaJIbHOT'O OTBepcTud (cM. puc. 7.4 u 8.3) — 1) 6oblie:
534, 739; 2) mpuMepHo paBHa: 13, 39;

— caMIIbl: pPacCIoJIOXKeHHue Tap3albHBIX KO-
MyJASTABHBIX MPUCOCOK Ha Janke IV: 1) HopMalib-
HOe — JIeJIAT JIATIKY Ha TPU IPUMEPHO PaBHbIE YaCTHU
(puc. 8.6): 51 5K3.; 2) abHOPMAJIbHOE — PACITOJIOKEHBI

© [laHHbIN NPU3HaK XOPOLLO 3aMeTeH flaxe Ha CTapbIX
MuKkponpenapatax (1930-1950-x rr.).

Evaluation of variability of individual diag-
nostic characters of T. putrescentiae from different
geographic localities. The analysis of following sour-
ces (Zachvatkin, 1941; Robertson, 1959; Volgin, 1975;
Samsinak, 1962; Johnston, Bruce, 1965; Kopaneva,
1982; Lynch, 1989; Livshits, 1990; Fain, Fauvel, 1993;
Klimov, O’Connor, 2009; Fan, Zhang, 2007b; Livshits
et al., 2011; Fayaz et al. 2016; Masoudian et al., 2018;
Murillo et al., 2018) made it possible to identify a set of
basic diagnostic characters that are included in vari-
ous identification schemes for T. putrescentiae. Next, an
assessment was made of the variability of these traits
in individuals of this species from different geographic
localities (a total of 547, 769 from Russia (8 regions),
Azerbaijan, Uzbekistan, Tajikistan); given the uneven
sample size, the relationship of characters with locali-
ties was not determined:

— the presence of eyespots (Fig. 7.1 and 8.1) is
characteristic of all the individuals studied®;

— longer setae d1 in relation to c¢I and tibiae IV
(Fig. 7.3) — characteristic of all studied individuals;

—the close arrangement of the setae d1 relative to c1
(Fig. 7.3) is characteristic of all the studied individuals;

— the apex of the solenidium w1 on the legs I is
expanded (Fig. 7.5 and 8.5) — 1) clearly: 473, 649; 2)
implicitly (the structure is cylindrical or entirely thick-
ened): 74,129;

— supracoxal setae scx — 1) normal — lanceolate,
i.e. with a wide base, thinning into a long spine (Fig. 7.1
and 8.1): 494, 719; 2) abnormal — setiform, including
fluctuating asymmetry (FA), i.e. when on one side of
the body the scx is lanceolate, on the other — setiform:
5(FA:1) 3, 5(FA:3) ¢;

— the length of setae 4a relative to the length of
the genital opening (Fig. 7.4 and 8.3) is 1) greater: 534,
739; 2) approximately equal: 13, 39;

— males: arrangement of suckers on tarsus IV: 1)
normal — divide the tarsus into three approximately
equal parts (Fig. 8.6): 51 ex.; 2) abnormal — located in
the proximal part of the tarsus: 3 ex., including fluctu-
ating asymmetry: 3 ex.

Express diagnosis of Tyrophagus putrescentiae.
Taking into account the phytosanitary significance
of T. putrescentiae, based on the analyzed data and the
studied material, stable characters were identified, by
the combination of which this mite species (by females
and males, Fig. 7-8) differs from all known species of
the genus Tyrophagus in the fauna of Russia:

— eyespots present (Fig. 7.1 and 8.1);

— scx usually lanceolate (Fig. 7.1 and 8.1);

—setae d1 longer than c1 (Fig.7.3);

—setae 4a equal to or longer than the genital open-
ing (Fig. 7.4 and 8.3)7;

— sclerotization of coxae II with a straight or sin-
uous (but not concave) posterior margin (Fig. 5.4-8,
7.2 and 8.2).

® This character is clearly visible even on old slides
(1930-1950s).

7 Setae 4a become very thin towards their apex (in Fig. 7.4
and 8.3 their end is shown by arrows), so their length is easi-
er to assess using phase-contrast microscopy.

duTtocaHuTapusa. KapaHTuH pacteHuin 64



WOEHTUOUKALMUA IDENTIFICATION

B [IPOKCUMAJIbHOM YaCTH JIAIKY: 3 9K3., B TOM YHCIIe Identification key of phytosanitary

(bIyKTyUpyIOImAsT acCCUMETPUS: 3 HK3. important species of the genus Tyrophagus
JKCIpecc-IUarHOCTHKA YJHHEHHOT0 KJIema in the fauna of Russia

Tyrophagus putrescentiae. C yaeToM (prTOCAaHUTAPHO- The table was compiled using the works of Vol-

ro 3HaueHud T. putrescentiae Ha OCHOBe MIPOaHAIU3U- gin (1975), Klimov, OConnor (2009), Lynch (1989),

POBAHHBIX JAHHBIX M U3YUYEHHOI'0 MaTepuaja GbLIn Fain, Fauvel (1993), Murillo et al. (2018), Fan, Zhang

BbIJIEJIEHBI CTAOUJIbHbIE ITPU3HAKY, [T0 COUETAHUIO (2007a,b), taking into account information from the

Puc. 6. YacTb fopcasibHOlM NOBEPXHOCTY Tena
BupoB popa Tyrophagus (3VIH), nipekcamm
NoKasaHbl HEKOTOPbIE WETUHKW; WETUHKMU Vi, ve, Sci
1 Sce pa3MelLLeHbl Mo KPasiM LWuUTa NponoaocoMmbl,
Ha KOTOPOM OTCYTCTBYIOT rnasHble naTHa. DIC,
wkana: 100 pym: 1 - T. formicetorum, cameu;

2 - T. mixtus, camka; 3 — T. vanheurni, cameu,;

4 - T. longior, camew,; 5 — T. perniciosus, camMKa;

6 - T. zachvatkini, cameu, (poTo: U. O. Kamaes)

Fig. 6. Part of the dorsal body surface of species of the genus

Tyrophagus (ZIN), some setae are shown by indices; setae vi, ve, sci and sce
are located along the edges of the prodorsal shield, without eyespots.

DIC, scale: 100 um: 1 — T. formicetorum, male; 2 — T. mixtus, female;

3 - T. vanheurni, male; 4 - T. longior, male; 5 — T. perniciosus, female;

6 — T. zachvatkini, male (photos by I.0. Kamayev)
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KOTOPBIX STOT BUJ, KJjelna (I0 caMKaM M caMIiaM,
CM. puc. 7—-8) OTJINYaeTCs OT BCEX U3BECTHBIX BUIOB
poxa Tyrophagus dayHubl Poccum:

— rJasHble IITHA uMerTcs (cM. puc. 7.1 u 8.1);

— JIaTEPOKOKCAJIbHBIN OPTaH $CX, KaK IPaBuUJIO,
JIaHIIETOBUIHBIN (CM. puc. 7.1 u 8.1);

— meTuHKY d1 nnunHee cI (cM. puc. 7.3);

Puc. 7. Tyrophagus putrescentiae, camka (BHUUKP,
KpoMme 6), [MarHocTuyeckue NpusHaKu, pumMckue
LMhpbl MAPKUPYIOT COOTBETCTBYHOLLME HOTU,
MHOeKcaMu 0603HaueHbl WeTUHKK: 1 — npornogocoma, the oval highlights scx, DIC; 2 — propodosoma ventrally: on the right,

KPYXXKOM NOKa3aHo rnasHoe naTHoO, 0OBaJsiOM BbigeneH

works by Zachvatkin (1941), Robertson (1959), John-
ston, Bruce (1965)8.
1(2) Eyespots present (Fig. 3.1,4.1,7.1and 8.1).... 3

8 For a detailed morphological description of some species,
including T. putrescentiae, with characteristics of the chae-
tome, see Fayaz et al. (2016) and Masoudian et al. (2018);

aedeagi are illustrated in Volgin (1975).

Fig. 7. Tyrophagus putrescentiae, female (VNIIKR, except 6), diagnostic
characters, Roman numerals mark the corresponding legs, indices
indicate setae: 1 — propodosoma, the circle shows the eyespot,

the index shows the coxa II, the line emphasizes the shape of the

naTepoKOoKCanbHbIi opraH scx, DIC; 2 — nponogocoma sclerotization, PH; 3 — part of the dorsal chaetome, PH; 4 — genital

BEHTpasibHO: CNpaBa MHAEKCOM NnoKasaH Tasuk II,

NVHWA noa4vepKmnsaeT hopmy cknepoTtusaumm, PH;

3 — yacTb JopcasbHOro XeToMa onMcTocomsbl, PH;

4 - reHuTanbHas o6nacTb, CTPENIOYKON NOKA3aHO
OKOHuYaHue weTuHku 4a, PH; 5 — coneHnpgmmn wl Ha nankax
Inll, DIC; 6 — cnepmateka (3UH), DIC (choTo: U. O. Kamaes)

opening, the arrow shows the end of the seta 4a, PH; 5 — solenidia w1 on
tarsi I and II, DIC; 6 — spermatheca (ZIN), DIC (photos by I.0. Kamayev)
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— MIeTUHKY 44 PAaBHBI WIH IJINHHEE TeHUTAIbHO-
ro orBepctus (cM. puc. 7.4 u 8.3)7;

— CKJIEPOTHU3aLKg Ta3uKoB Il ¢ IPAMBIM WMIU
M3BUIKUCTBIM (HO HEBOTHYTBHIM) 3aJHUM KpaeM
(cM. puc. 5.4-8,7.2u 8.2).

OmnpeaenuTesbHadA Ta6JaUIIa BUAOB

KJieneii poga Tyrophagus dbayns: Poccun,

MMeINuX (UTOCAHUTAPHOE 3HAUEHUE

Tabaulla cocTaBjieHa C UCI0Jb30BaHUEM PaboT
Bosruna (1975), Klimov, OConnor (2009), Lynch (1989),
Fain, Fauvel (1993), Murillo et al. (2018), Fan, Zhang
(2007a,b), ¢ yueToM cBemeHUlt U3 paboT 3aXBaTKUHA
(1941), Robertson (1959), Johnston, Bruce (1965)8.

1(2) I'masuble nIATHA ecTh (cM. puc. 3.1, 4.1, 7.1

2(1) I'ma3HbIX IATEH HeT (CM. PUC. 6) ..................... 7

3(4) JlaTepOKOKCAJIbHBIN OpraH (scx) IMeTUHKO-
BUIHBIN, T. €. 6€3 pacIIMPEeHHOTO OCHOBaHUS (Kak
Ha puc. 6). Comennauii wl Ha jankax I u II IIMHHBIN,
TOHKUH, HECKOJIBKO CY>KAIOIIUMICS K BEPIIUHE ... ... .
. T curvipenis
l'lppmeqa}me: OIlMCaHMEe OUArHOCTUYECKUX IIPM3HAKOB CM.
B pa6oTax Fain, Fauvel (1993), Fan, Zhang (2007b), Murillo et
al. (2018). PacrmpocTpaHeHre 3TOT0 BUia B Poccuu Hy»XgaeTcs
B YTOUHEHUH, T.K. K HACTOAIIEMY BPEMEHU €ro HaXo/jKa 6bLIa
cIesaHa B MMITOPTHBIX mIogax (Murillo et al., 2018).

4(3) JlaTepoKOKCcaIbHBIM OpraH (scx), Kak MpaBu-
JIO, TAaHIIETOBUIHBIH, T. €. C paCIIMPEHHBIM OCHOBAaHU-
eM, ICTOHYaIoIMcs K BepimuHe (cM. puc. 3.1, 4.1, 7.1
u 8.1). Conenupuii wl Ha jankax [ u Il yTOJIEeHHbBIN
WY MUJINHAPUYECKUN C SBHBIM WJIY HESIBHBIM aIlu-
KaJIbHBIM paciiupenueM (cM. puc. 3.5, 7.5u 8.5) ... 5

5(6) CryiepoTusanus Ta3nWKoB Il mOCTepUOpPHO
C IIPSIMBIM MJIM U3BUJIKCTHIM KpaeM (cM. puc. 5.4-8,
7.218.2) . T. putrescentiae
IIpumeuanue: [Togpo6HOEe MOP(GOIOrnUecKoe orrcaHue Bujga
mpuBeneHo B pabore Fayaz et al. (2016). Buj mimpoko pacrpo-
crpaneH B Poccuu (EBpometickas yacTtb, CeBepHbIil KaBkas,
Cubupb, JanbHuil BOCTOK).

6(5) CryepoTusamnus TasukKoB Il TOCTEPUOPHO
¢ IBHO BOTHYTBHIM KpaeM (puc. 3.2,4.2u 5.1-3)
T. fanetzhangorum
IIpuMeyaHue: IOTOJHUTENbHbBIE ArbdePEHITUPYIONITE TTPU-
3HaKU IPUBEJIEHBI ¥ TTPOUJLIIOCTPUPOBaHbI B padoTe Klimov,
OConnor (2009). Buz L0CTOBEPHO U3BECTEH TOJIBKO M3 3alIU-
LIEHHOTO rPyHTa B EBpomnelickol yacTu Poccuu (OpUr. [aHHbBIE).

7(8) CaMKu: MeTUHKY dI 9BHO IJIUHHee ¢ U ro-
snened IV (kak Ha puc. 6.1) ... 9

8(7) CaMku: MmeTUHKU dl TPUMEPHO paB-
HBI 110 IJWHe ¢l ¥ 3aMeTHO KOopoue rojeHeu IV
(Y0 o) () Ipyrve BU/bI
Ipumeuanue: uneartuduxanusa T. molitor, T. mixtus, T. similis,
T. silvester mpuBeieHa B Kyitoue Bonruua (1975).

9(10) JlaTepOKOKCaAJNbHBIN OPTaH METUHKOBUI-
HBIN (KakK Ha puc. 6.2). CaMKu: 4a IPUMEPHO PaBHBI
WIN AJINHHEE TeHUTaJbHOTO OTBEPCTUS 11

7 LLleTUHKM 4a CUNbHO MCTOHYATCS K CBOEW BEPLUNHE

(Ha puc. 7.4 n 8.3 nx OKOHYaHKe NoKa3aHOo CTPesiovKamum),
No3TOMy UX ANIMHY Nerye oLeHuBaTb Npu hasoBo-
KOHTPACTHON MUKPOCKOMUN.

8 NMonpobHoe MoponorMyeckoe onvcaHne oTAENbHbIX BULOB,
BKJItOYas T. putrescentiae, C XapaKTEPUCTUKOWN XeTOMa CM.

B pabotax Fayaz et al. (2016) n Masoudian et al. (2018),
3[earycbl NPOWITICTPUPOBaHbI B paboTte BonruHa (1975).

2(1) Eyespots absent (Fig. 6) 7

3(4) scx is setaceous, i.e. without an expand-
ed base (as in Fig. 6). The solenidium w1 on tarsi I
and II is long, thin, and somewhat tapering toward
the apex. T. curvipenis
Note: For a description of diagnostic characters, see Fain, Fau-
vel (1993), Fan, Zhang (2007b), Murillo et al. (2018). The distri-

bution of this species in Russia needs to be clarified, since to
date it has been found in imported fruits (Murillo et al., 2018).

4(3) scx is usually lanceolate, i.e. with an expanded
base, thinning towards the apex (Figs. 3.1, 4.1, 7.1 and
8.1). The solenidium wI on tarsiIand Il is thickened or
cylindrical with an obvious or indistinct apical expan-
sion (Figs. 3.5, 7.5and 8.5) ..........cccooovvvvemmmrereceeereerecesenens .5

5(6) Sclerotization of coxae II posteriorly with a
straight or sinuous edge (Fig. 5.4-8,7.2and 8.2) ...
........................................................................... T. putrescentiae
Note: A detailed morphological description of the species is giv-

en in the work of Fayaz et al. (2016). The species is widespread
in Russia (European part, North Caucasus, Siberia, Far East).

6(5) Sclerotization of coxae II posteriorly with

.................. T. fanetzhangorum

Note: Additional distinguishing characters are given and
illustrated in the work of Klimov, OConnor (2009). The species
is reliably known only from protected ground in the European
part of Russia (orig. data).

7(8) Females: setae d1 clearly longer than cI and
tibiae IV (as in Fig. 6.1) ..........cccooooovvveerrvceerrcesrnnn. .9

8(7) Females: setae d1 are approximately equal in
length to ¢ and are noticeably shorter than tibiae IV
(Fig. 6.2) other species
Note: Identification of T. molitor, T. mixtus, T. similis, T. silvester is
given in key by Volgin (1975).

9(10) scx setiform (as in Fig. 6.2). Females: 4a ap-
proximately equal to or longer than genital opening ...

..................................................................................................... 11
10(9) scx lanceolate (as in Fig. 3.1). Females: 4a
distinctly shorter than genital opening .................... 15

11(12) On the tarsus I, the solenidium w1 is thick-
ened or club-shaped with a noticeable apically wid-
ened part (Fig. 9.1) ... T. zachvatkini

12(11) On the leg I, the solenidium w1 is thin, cy-
lindrical or tapering before the apex (Fig. 9.2) .........

13(14) Males: setae d1 are noticeably longer than
c1 (2 or more times; Fig. 6.3); aedeagus is short, thick-
ened, slightly curved .................ccoocoovverrnnneee. T. vanheurni

14(13) Males: setae d1 almost equal to c1 or
slightly longer (but less than 2 times, Fig. 6.4); aedea-
gus elongated, with a thin terminal part, slightly
CUTVEA oo T. longior

15(16) The setae c¢I do not reach the bases of d1,
and are noticeably shorter than the distance between
c1 and d1 (Fig. 6.5). The setae ps3 of the male and ad2
of the female are shorter than the length of the anal
opening . . T. perniciosus

16(15) The setae c¢I reach the bases of d1 or extend
beyond them (Fig. 6.1). The setae ps3 of the male are
approximately equal in length to the anal opening, ad2
of the female are longer than the genital opening. .......
T. formicetorum
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10(9) JlaTepoKOKcaJbHBIM OpPraH JaHIETOBUI-
HBIM (Kak Ha puc. puc. 3.1). CaMku: 4a IBHO KOpoUe
TE€HUTAJbHOT'O OTBEPCTUS 15

11(12) Ha mamnke I coneHUANYN wl yTOMIEHHBIH
wiy GylIaBOBUIHBIN C 3aMETHOM allMKaJbHO PACIIU-
PEeHHOI YacThio (CM. puc. 9.1) T. zachvatkini

Puc. 8. Tyrophagus putrescentiae, camev, (BHUNKP),
OMarHoCTMYeCKMe NPU3HaKKU, UHOEKCaMu
o603HaueHbl WeTUHKKU: 1 — Nponogocoma,
KPY>KKOM NMOKa3aHo rnasHoe NsATHO, BbigeneH
naTepoKoKcanbHbIi opraH scx, DIC; 2 — nponopgocoma  of the sclerotization, PH; 3 — part of the ventral surface of the body,

BEHTPasibHO: cnpaBa MHAEKCOM nokasaH Tasuk II,
NMHUA noguepkmeBaeT (hopMy cknepoTusauum, PH;

3 — yacTb BEHTPasibHOM NMOBEPXHOCTU TENA, XOPOLIO
3aMeTHbI KpyMHble KONYNATUBHbIE MPUCOCKMU,
KPacCHOW JIMHUEN NOKa3aHOo reHUTaNbHOE OTBEPCTME,
CTPEeJIoUKOI — OKOHUYaHMe WeTUHKK 4a, PH;

4 - 3pearyc, natepanbHo, DIC;

5 - coneHnpun wi Ha nankax II n I, DIC;

6 — nanka IV, cTpenoykaMu nokasaHbl Tap3asibHble
KonynaTuBHbIE npucocku, DIC (doTo: U. O. KamaeBs)

CONCLUSION

The article summarizes information on the fauna of
mites of the genus Tyrophagus spread in Russia, and
provides a key to species of this genus that have phy-
tosanitary significance, and diagnostic characters for
express identification of the T. putrescentiae.

Fig. 8. Tyrophagus putrescentiae, male (VNIIKR), diagnostic characters,
setae are indicated by indices: 1 - propodosoma, the eyespot is shown
by a circle, scx is highlighted, DIC; 2 — propodosoma ventrally: the coxa
IT is shown by an index on the right, the line emphasizes the shape

large anal suckers are clearly visible, the genital opening is shown by
ared line, the end of seta 4a is shown by an arrow, PH; 4 — aedeagus,
laterally, DIC; 5 - solenidia w1 on tarsi IT and I, DIC; 6 — tarsus 1V,
the suckers are shown by arrows, DIC (photo by I.0. Kamayev)
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Fig. 9. Solenidia w1 on the tarsi of the first two pairs
of legs of Tyrophagus zachvatkini (1) and T. longior (2),
camku (3UH). Hpekcbl naTUHCKUMK uudpamu ykasbiBatoT  females (ZIN). The indices in Latin numerals indicate
cooTBeTcTBytoWMe Horu; DIC, wkana: 1 gpeneHune = 10 pm the corresponding legs; DIC, scale: 1 division = 10 pm

Puc. 9. ConeHngnm wl Ha nankax aByXx nNepBbIX
nap Hor Tyrophagus zachvatkini (1) n T. longior (2),

(choTo: U. O. KamaeB) (photos by I.0. Kamayev)

12(11) Ha nmanke I coneHuauil wl TOHKUN, IU-
JIVHIPUYECKUH WY TIePe] BEPIINHON CYKAIOUNIC
(cM. puc. 9.2) 13

13(14) CaM1pl: IMeTUHKY d] 3aMEeTHO IJINHHee
c1 (B 2 u 6osiee pasa; cM. puc. 6.3); sHearyc KOpOTKUH,
YTOJIIIEHHBIN, UyTh UBOTHYTBIMN .. .............. T. vanheurni

14(13) CaMipl: MEeTUHKY dl ITOYTHU PaBHBI ¢l
WU HEMHOTO JJinHHee (HO MeHee 4eM B 2 pasa,
CM. puc. 6.4); aHearyc yIJIUHEHHBIN, C TOHKOU TEPMU-
HaJIbHOM YacCThI0, CJ1a60 UBOTHYTHIN ... ........ T. longior

15(16) lleTuHKU ¢l He OSOCTUTAKT OCHOBAa-
Hul d1, 3aMeTHO KOpoue pacCTOSHUS Mexay ¢l u di
(cM. puc. 6.5). llleTnHKY ps3 caMIia U ad2 caMKU KOpode
JJIAHBI aHANBHOM WEJH ............oooeeeenn. T. perniciosus

16(15) IlleTnHKU ¢l HOCTUTAIOT OCHOBAHUU dI
WJIY 3aXOIAT 3a HUX (cM. puc. 6.1). llleTuHKY ps3 caM-
11a TPUMEPHO PaBHBI I10 IJIWHE aHAJIbHON ey, ad2
CaMKU IJIMHHEE TeHUTAJIbHOTO OTBEPCTHS....................
T. formicetorum

3AKJ/IIOYEHUE

B cTaTbe 06061IeHbl CBeleHU 10 (hayHe Kielnen
pona Tyrophagus, pacIipOCTPaHEHHBIX HA TEPPUTO-
puu Poccuu, u MPUBENEHBI ONIPeAeUTEIbHAS Ta-
GauIla IJi BUAOB MAaHHOTO Poa, MMeIIuxX GuToca-
HUTapHOE 3HaUeHMe, U JUarHOCTUYECKUe ITPU3HAKY
LISt GBICTPOM UAEHTU(GUKAIIUY YAJUHEHHOTO KJlela
T. putrescentiae.

Pa6oTa mpe/cTaBIsSeT UHTEPEC AJIs CIIelaJlu-
CTOB B 00JIACTY KapaHTUHA U 3aIUThI PACTEHUH, B TOM
Yucye COTPYAHUKOB (pUTOCAaHUTAPHBIX JIabopaToOpui,
arpoOHOMOB, CIIEIUAJIMCTOB 10 6MOMETOZY.

Bnazodaprocmu. ABTOD BhIpaXkaeT 61aroJapHOCTD
TJIaBHOMY HAyYHOMY COTPYAHUKY 1. 6. H. C. B. MupoHo-
BY 3a IPEJIOCTAaBJIEHHYI0 BO3MOXXHOCTDb PabOThI C aKa-
POJIOTMYEeCKOH KOJIIEKIIVEH ¢ M3TOoTOBJIeHUEM (o-
Torpaduil Ha 6a3e 300JI0TUUYECKOTO MHCTUTYTa PAH
B paMKax COTJIALlIeHUS 0 HAYyYHOM COTPYIHUUYECTBE,
K. 6. H. 1. B. KmuMOBY 32 KOMMEHTapPUY OTHOCUTEIBHO
T. fanetzhangorum u T. curvipenis, a Taxoke A. K. AxaToBy
u cnenuanucrtam ®I'BY « BHUUKP»: A. A. Ky3He1o-
Boi, 10. B. LIBeTkOBOH, H. K. KocTugy, C. 0. MyxaHOBYy

The work is of interest to specialists in the field of
quarantine and plant protection, including phytosani-
tary laboratories specialists, agronomists, and biocon-
trol specialists.
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