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Abstract

With more than 130 species, Eustigmaeus Berlese is one of the most diverse genera in the family of Stigmaeidae.
The genus has a worldwide distribution and is found in all zoogeographic regions with the exception of
Antarctica. The adult female, adult male, deutonymph, protonymph, and larva of Eustigmaeus anauniensis
(Canestrini) are known till now, but the immature male stage is unknown. In this study, five deutonymph male
specimens of E. anauniensis were found in Tiirkiye. The description, illustrations of deutonymph males of E.
anauniensis, and its measurements of some body parts were made. This is the first record of deutonymph male
of E. anauniensis.
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Eustigmaeus anauniensis’in (Canestrini) (Trombidiformes: Stigmaeidae) Erkek
Deutonimfinin Ik Tanim

Oz

Eustigmaeus Berlese, 130°dan daha fazla tiirle Stigmaeidae familyasinin en ¢esitli cinslerinden biridir. Bu cins,
tim diinyada genis bir dagilima sahip olup, Antarktika harig¢ biitiin zoocografik bolgelerde bulunur. Su ana
kadar Eustigmaeus anauniensis (Canestrini) tiriiniin ergin disi, erkek, deutonimf, protonimf ve larvasi
bilinmekte; ancak ergin olmayan erkek bireyleri bilinmemektedir. Bu ¢alismada, E. anauniensis’in bes
deutonimf erkek 6rnegi Tiirkiye’den bulunmustur. E. anauniensis’in deutonimf erkeklerinin tanimi yapilarak

goriintiileri verilmis ayrica viicut pargalarinin l¢iimleri alinmistir. E. anauniensis’in deutonimf erkekleri ilk
defa bu ¢alismada kaydedilmistir.

Anahtar Kelimeler: Acari, ilk kayit, olgunlasmamus, akar, Tiirkiye
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1. Introduction

Members of the family Stigmaeidae live on plants, in soil, plant litter, mosses and lichens,
feeding on a variety of small arthropods, and some of which have long been considered
economically important predators of plant feeding mites [1-6]. The family Stigmaeidae
currently contains more than 640 species within 33 valid genera [3, 4, 6, 7].

Mites of the genus Eustigmaeus Berlese are generally free-living but a few are parasitic on sand
flies [8, 9]. Eustigmaeus is one of the largest genera of the Stigmaeidae. This genus comprises
more than 130 species worldwide [3, 4, 6, 7], 28 of which have been reported from Tiirkiye [9,
10].

Eustigmaeus anauniensis was originally described by Canestrini (1889). Summers (1957)
synonymised Eustigmaeus granulosus Wilmann, 1951 with Raphygnathus pectinatus (sic)
Ewing, 1917. Afterwards, Wood in 1973, synonymised Raphignathus pectinatus Ewing, 1917
with E. anauniensis (Canestrini, 1889), and he stated that the specimens named as
Ledermuelleria pectinata (Ewing) by Marshall and Kevan (1964) belonged a separate species
and described them as Ledermuelleria collegiensis Wood, 1972 [11-15]. Faraji et al. (2007) and
Donel and Dogan (2011) suggested that E. kentingensis Tseng, 1982 to be a synonym of E.
anauniensis (Canestrini, 1889); however, this possibility was not supported by Fan et al. (2016)
[3, 16-18].

Eustigmaeus anauniensis (Canestrini) is widely distributed and has been recorded from many
countries including Tirkiye [3, 4, 10]. This species can be recognized by having eyes, dorsal
dimples with punctuations, dorsal body setae bushy, not bearing hyaline sheaths, setae c, similar
other dorsal body setae, endopodal shields fused, femur Il with four setae, three pairs of
aggenital setae in female.

Undescribed deutonymph males of E. anauniensis were collected from Tiirkiye. The aim of this
study is to describe deutonymph male of E. anauniensis.

2. Materials and Methods

The mite specimens were extracted by using Berlese-Tullgren funnels, cleaned in 60% lactic
acid, mounted on microscope slides in Hoyer’s medium, and viewed with a Leica DM 4000B
microscope [1, 19]. The designations for idiosoma, palp and leg setae follow those of Grandjean
(1944, 1946) and Kethley (1990) [20-22]. Leica Application Suite (LAS) Software Version 4.8
was used to take in micrometers (um) the measurements, which were provided as a range. Setal
formulae of leg segments are given with solenidia in parentheses. The examined specimens
were deposited in EBYU (Acarology Laboratory of Erzincan Binali Yildirirm University,
Erzincan, Tiirkiye).
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3. Results

Eustigmaeus anauniensis (Canestrini, 1889) (Figures 1-12)
Raphignathus anauniensis Canestrini, 1889: 511.

Description of the deutonymph male (n=5) (Figures 7, 8)
Length of body: 233-320. Width of body: 165-210.

Gnathosoma. Gnathosoma 49-58, chelicerae 61-69, palp 74-79 long. Subcapitulum with
two pairs of adoral setae (ori2) and two pairs of subcapitular setae (m, n). Dimensions and
distance between subcapitular setae, m 7-10, n 6-8, m—m 16-19, n—n 18-21, m—n 6-10. Number
of setae on palp segments: Tr 0, Fe 3, Ge 2, Ti 2 +1 claw, Ta 5 (+ 3 fused eupathidia, + 1 ®).

Dorsum. Dorsal shields slightly dimpled and punctuated. Eyes present, post-ocular
bodies absent. Eyes 7-9 in diameter. Dorsal setae barbed. Lengths and distances of dorsal
idiosomal setae as follows: vi 15-23, ve 16-20, sci 12-17, sce 14-22, ¢1 13-18, ¢ 18-33, d1 14-
19, d» 12-19, e1 18-24, e, 18-27, f1 36-40, hy 22-25, hy 22-28, vi-vi 24-32, ve—ve 65-72, vi-ve
23-35, sci-sci 109-127, ve—sci 26-31, sce—sce 136-156, sci—sce 29-34, c1—C1 52-67, co—C2 141-
177, do>—d» 132-154, c1—d1 38-42, c1—d» 48-52, di—d1 36-45, d>—d; 46-51, ex>—e» 93-110, do—e2
42-48, d1—e1 41-45, di—e2 40-47, e1—e1 39-48, ex—e1 24-27, f1—f1 40-49, e1—f1 23-26, ex—f1 42-45,
hi—h1 14-19, ho—hy 35-46, hi—h, 10-11.

Venter. Coxisternal shields divided in midline and bearing setae la, 3a and 4a.
Dimensions of the setae and distances between them as follows: la 8-10, 3a 10-12, 4a 6-9, la—
la 20-26, 3a—3a 20-26, 4a—4a 14-29. Aggenital shield with two pairs of setae. Three pairs of
pseudanal setae present. Aggenital setae ag: 6-8, ag» 7-9. Pseudanal setae psi 4-7, ps2 6-10, ps3
9-10.

Legs. Formulae of setae and solenidia on legs I-1V: coxae 2-2—-2-2, trochanters 1-1-2—
0, femora 6-4-3-2, genua 3(+1k)-2(+1k)-0-0, tibiac S5(+lo+lep)-5(+1ep)-5(+lep)-
5(+1p), tarsi 13(+10)-9(+1w)-7(+1w)—7. Measurements of legs I-1V 114-119, 94-121, 100-
119, 110-124 respectively.

Materials examined
232 99, 1743, 18 deutonymphs, 5 deutonymph males, 22 protonymphs, 17 larvae.

1Q from litter under oak, 39°36'06.0"N 39°08'58.5"E, 1376 m a.s.l., 26 April 2022; 19 from
litter under oak, 39°36'34.31"N 39°9'18.62"E, 1138 m a.s.l., 29 October 2022; 3 protonymphs,
3 larvae from litter under oak, 39°36'08.4"N 38°39'30.4"E, 1624 m a.s.l., 25 June 2022; 222,
1 deutonymph and 1 protonymph from same habitat, 31 July 2022; 69 9 from same habitat, 28
October 2022; 19 from same habitat, 24 December 2022; 499 and 1 deutonymph from same
habitat, 28 January 2023; 99 ¢ from same habitat, 26 March 2023; 289 ¢ from litter under oak,
39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 26 April 2022; 299 from same habitat, 29 May
2022; 19, 1 deutonymph male, 4 protonymphs and 7 larvae from same habitat, 26 June 2022;

212



First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

1 deutonymph and 1 larva from same habitat, 31 July 2022; 1792, 283 and 2 larvae from
same habitat, 27 September 2022; 49 ¢ from same habitat, 28 October 2022; 39 % from same
habitat, 28 November 2022; 229 9 from litter under oak, 39°36'16.1"N 38°39'54.3"E, 1693 m
a.s.l., 26 April 2022; 319 % from same habitat, 29 May 2022; 499, 1 protonymph from same
habitat, 26 June 2022; 1699 13, 1 deutonymph, 1 deutonymph male and 4 protonymphs from
same habitat, 31 July 2022; 19, 13, 6 deutonymphs, 1 deutonymph male, 2 protonymphs and
3 larvae from same habitat, 27 August 2022; 2122, 83, 4 deutonymphs and 4 protonymphs
from same habitat, 28 September 2022; 229, 243 and 1 deutonymph from same habitat, 29
October 2022; 299 from same habitat, 25 December 2022; 19 from litter under oak,
39°12'31.84"N 38°34'36.21"E, 922 m a.s.l., 28 October 2022; 19 from soil, 39°36'34.31"N
39°9'18.62"E, 1138 m a.s.1., 29 May 2022; 219 Q@ from same habitat, 27 January 2023; 19 from
soil, 39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 27 August 2022; 19 from same habitat, 24
December 2022; 29 % from soil, 39°36'16.1"N 38°39'54.3"E, 1693 m a.s.l., 26 April 2022; 1
from moss, 39°36'18.9"N 39°0920.7"E, 1176 m a.s.l., 28 January 2023; 19 from moss,
39°36'34.31"N 39°9'18.62"E, 1138 m a.s.l., 25 March 2023; 19 from moss, 39°36'08.4"N
38°39'30.4"E, 1624 m a.s.l., 28 October 2022; 1 deutonymph from same habitat, 26 March
2023; 822, 244, 1protonymph from moss, 39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 27
September 2022; 29 9 from same habitat, 24 December 2022; 109 9, 1 deutonymph from same
habitat, 26 March 2023; 39 % from moss, 39°36'16.1"N 38°39'54.3"E, 1693 m a.s.l., 26 June
2022; 13 from same habitat, 28 September 2022; 19 from grassy and mossy soil, 39°36'18.9"N
39°09'20.7"E, 1162 m as.l., 26 June 2022—the Karasu Valley, Erzincan, Tirkiye. 1
deutonymph from moss, 39°35'08.7"N 39°52'12.4"E, 1357 m a.s.l., 13 October 2018; 1
deutonymph male from soil and litter under oak, 39°31'43.3"N 39°54'21.7'E, 1719 m a.s.l., 22
June 2019; 1 larva and 1 protonymph from moss, same habitat, 22 June 2019; 1 protonymph
from soil and litter under oak, 39°23'51.4"N 39°46'50.3"E, 1508 m a.s.l., 22 June 2019; 1
deutonymph male from moss, 39°23'32.2"N 39°47'05.7"E, 1534 m a.s.l., 18 August 2019—
Tunceli, Tirkiye.

Distribution

Austria, Azerbaijan, Canada, China, Crimea, Holland, Hungary, Iran, Israel, Italy, Japan,
Latvia, Lithuania, Poland, Russia, Slovakia, Taiwan, Tiirkiye, Ukraine and USA [3, 4, 13 ,15].

4. Discussion and Conclusion

Four active postembryonic developmental stages are typically present in members of the family
Stigmaeidae: the six-legged larva, the eight-legged protonymph, the deutonymph, and the adult.
The lack of genital setae allows the protonymph and deutonymph stages to be clearly
distinguished from adult stages; the genitalia of the larva are absent [23].

During the nymphal examination, we noticed that five specimens of Eustigmaeus anauniensis
are different from the other deutonymphs. They are identified as deutonymph males. In general,
the male deutonymphs, are similar to female deutonymphs except for the numbers of aggenital

213



First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

setae (Table 1). Male deutonymphs resemble adult males in having two pairs of aggenital setae
(Table 1).

Table 1. Distinguishing features of mature and immature stages of Eustigmaeus anauniensis.

Characters Larva Protonymph Deutonymph Deutonymph Adult female Adult male
female male

Number of setae 4 , 2220 2222 2222 2222 272272

on coxae I-1V

Number of setae

on trochanters I-  0-0-0 0-0-1-0 1-1-2-0 1-1-2-0 1-1-2-1 1-1-2-1

v

Number of setae 3 4431 6432 6432 6432 6-4-3-2

on femora I-1V

Number of setae  2(+1x)- 3(+1k)-2(+1k)-  3(+1x)- 3(+1x)- 3(+1x)- 3(+1k) —

on genua I-IV 2(+1x)-0 0-0 2(+1x)-0-0 2(+1x)-0-0 3(+1k)-1-1 3(+1k)-1-1

Ventral setae 4a - - + + + +

Number of pairs

of subcapitular 0 1 2 2 2 2

setae

Number of pairs

of  aggenital 0 1 3 2 3 2

setae

+ present, — absent

Although all life stages of this species have been recorded, deutonymph males have not been
identified yet. With this study, this life stage is described and illustrated for the first time. To
the best of knowledge, this stage in the genus has only been detected in Eustigmaeus bochkovi
by Khaustov (2019) [24].

Ethics in Publishing

There are no ethical issues regarding the publication of this study.

Author Contributions

Salih Dogan: Conceptualization, investigation, methodology, resources, funding acquisition,
supervision, visualisation, validation, writing — original draft, writing — review & editing. Sibel
Dogan: Investigation, methodology, data curation, writing — original draft. Sifanur Ugurlu &
Nisanur Polat: Investigation, methodology, data curation.

Acknowledgements

The mite materials from the Karasu Valley were collected from a project (1212986) that was
supported by the Scientific and Technological Research Council of Tiirkiye (TUBITAK). We
appreciate the financial support of TUBITAK. For granting the legal approvals (E-21264211-
288.04-4255389 and E-50411936-903.07.02-4372543) for the field surveys, we are grateful to
Republic of Tiirkiye Ministry of Agriculture and Forestry.

214


http://159.203.176.220/contributor-roles/validation/
http://159.203.176.220/contributor-roles/data-curation/
http://159.203.176.220/contributor-roles/data-curation/

First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

References

[1] Fan Q.-H., Zhang, Z.-Q. (2005) Raphignathoidea (Acari: Prostigmata). Fauna of New
Zealand, 52, 1-400.
https://doi.org/10.7931/J2/FENZ.52

[2] Fan Q.-H., Flechtmann C.H.W. (2015) Chapter 7. Stigmaeidae. In: Carrillo, D., Moraes,
G.J. de & Pena, J. (Eds), Prospects for Biological Control of Plant Feeding Mites and
Other Harmful Organisms. Springer, New York, USA 185-206.
http://dx.doi.org/10.1007/978-3-319-15042-0 7

[3] Fan Q.-H., Flechtmann C.H.W., De Moraes, G.J. (2016) Annotated catalogue of
Stigmaeidae (Acari: Prostigmata), with a pictorial key to genera, Zootaxa, 4176, 1-199.
https://doi.org/10.11646/zootaxa.4176.1.1

[4] Beron P. (2020) Acarorum Catalogus VII. Trombidiformes, Prostigmata,
Raphignathoidea. Fam. Barbutiidae, Caligonellidae, Camerobiidae, Cryptognathidae,
Dasythyreidae, Dytiscacaridae, Eupalopsellidae, Homocaligidae, Mecognathidae,
Raphignathidae, Stigmaeidae, Xenocaligonellididae. Pensoft & National Museum of
Natural History & Bulgarian Academy of Sciences, Sofia, 306 pp.
https://doi.org/10.3897/ab.e55087

[5] Khaustov A.A. (2023) Review of Cheylostigmaeus (Acari: Stigmaeidae) of Russia,
Acarina, 31(1), 31-75.
https://doi.org/10.21684/0132-8077-2023-31-1-31-75

[6] Khaustov A.A., Kravchenko S.V., Kazakov D.V. (2023) Two new species and a new
synonym of Eustigmaeus (Acari: Stigmaeidae) from Russia with COI barcode, Acarina,
31(1), 77-99.
https://doi.org/10.21684/0132-8077-2023-31-1-77-99

[7] Fan Q.-H., Flechtmann C.H.W., De Moraes, G.J. (2019) Emendations and updates to
“Annotated catalogue of Stigmaeidae (Acari: Prostigmata), with a pictorial key to genera”,
Zootaxa, 4647, 88-103.
https://doi.org/10.11646/zootaxa.4647.1.9

[8] Stathakis T.I., Kapaxidi E.V., Papadoulis G.Th. (2016) The genus Eustigmaeus Berlese
(Acari: Stigmaeidae) from Greece, Zootaxa, 4191(1), 1-102.
https://doi.org/10.11646/zootaxa.4191.1.1

[9] Pekagirbas M., Karakus M., Yilmaz A., Eriséz Kasap O., Sevsay S., Ozbel Y., Téz S.,
Dogan, S. (2023) Two parasitic mite species on Phlebotominae sand flies (Diptera:
Psychodidae) from Tirkiye: Biskratrombium persicum (Microtrombidiidae) and
Eustigmaeus johnstoni (Stigmaeidae), Acarological Studies, 5(1), 11-16.
https://doi.org/10.47121/acarolstud.1209774

215


https://doi.org/10.7931/J2/FNZ.52
http://dx.doi.org/10.1007/978-3-319-15042-0_7
https://doi.org/10.11646/zootaxa.4176.1.1
https://doi.org/10.3897/ab.e55087
https://doi.org/10.21684/0132-8077-2023-31-1-31-75
https://doi.org/10.21684/0132-8077-2023-31-1-77-99
https://doi.org/10.11646/zootaxa.4647.1.9
https://doi.org/10.11646/zootaxa.4191.1.1
https://doi.org/10.47121/acarolstud.1209774

First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

[10]Dogan S. (2019) Raphignathoidea (Acari: Trombidiformes) of Turkey: A review of
progress on the systematics, with an updated checklist, Acarological Studies, 1, 129-151.

[11]Ewing H.E. (1917) New Acarina. Part Il. Descriptions of new species and varieties from
lowa, Missouri, Illinois, Indiana, and Ohio, Bulletin of the American Museum of Natural
History, 37, 149-172.

[12] Willmann C. (1951) Untersuchungen iiber die terrestrische Milbenfauna im pannonischen
Klimagebiet Osterreichs. Sitzungsberichte dsterreichische Akademie der Wissenschaften,
Mathematisch-naturwissenschafiliche, Klasse, Abtheilung 1, 160(1-2), 91-176. (in
German)

[13] Summers F.M. (1957) American species of Ledermuelleria and Ledermuelleriopsis, with
a note on new synonymy in Neognathus (Acarina, Stigmaeidae, Caligonellidae),
Proceedings of the Entomological Society of Washington, 59(2), 49-60.

[14]Wood T.G. (1972) New and redescribed species of Ledermuelleria Oudms. and Villersia
Oudms. (Acari: Stigmaeidae) from Canada, Acarologia, 13(2), 301-318.

[15]Wood T.G. (1973) Revision of Stigmaeidae (Acari: Prostigmata) in the Berlese collection,
Acarologia, 15, 76-95.

[16] Tseng Y.-H. (1982) Mites of the family Stigmaeidae of Taiwan with key to genera of the
world (Acarina: Prostigmata), Phytopathologist and Entomologist of the National Taiwan
University, 9, 1-52.

[17]Faraji F., Ueckermann E.A., Bakker F. (2007) First record of Eustigmaeus jiangxiensis Hu,
Chen and Huang (Acari: Stigmaeidae) from France with a key to the European species of
Eustigmaeus Berlese, 1910, International Journal of Acarology, 33(2), 145-151.
http://dx.doi.org/10.1080/01647950708684515

[18] Donel G., Dogan S. (2011) The stigmaeid mites (Acari: Stigmaeidae) of Kelkit Valley
(Turkey), Zootaxa, 2942, 1-56.
https://doi.org/10.11646/zootaxa.2942.1.1

[19] Walter D.E., Krantz G.W. (2009) Collecting, rearing and preparing specimens. In: Krantz,
G.W. and Walter, D.E. (Eds), A Manual of Acarology. The third edition. Texas Tech
University Press, Lubbock, Texas, USA, pp. 83-96.

[20] Grandjean F. (1944) Observations sur les acariens de la famille des Stigmaeidae, Archives
des Sciences Physiques et Naturelles, 26, 103-131. (in French)

[21]Grandjean F. (1946) Au sujet de I’organe de Claparéde, des eupathides multiples et des
taenidies mandibulaires chez les Acariens actinochitineux, Archives des Sciences
Physiques et Naturelles, 28, 63-87. (in French)

216


http://dx.doi.org/10.1080/01647950708684515
https://doi.org/10.11646/zootaxa.2942.1.1

First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

[22] Kethley J. (1990) Acariformes, Prostigmata. In: Dindal, D.L. (Ed.), Soil Biology Guide,
New York, USA, Wiley, pp. 667-756.

[23]Dogan S., Dogan S., Zeytun E. (2019) Existence of tritonymphal stage of Stigmaeus
elongatus Berlese (Acari: Stigmaeidae), with numerical variations in some body setae in
its adult stage, Systematic and Applied Acarology, 24(5), 711-730.
https://doi.org/10.11158/saa.24.5.1

[24] Khaustov A.A. (2019) Contribution to systematics of the genus Eustigmaeus (Acari:
Stigmaeidae) of Russia, Acarologia, 59(1), 152-173.
https://doi.org/10.24349/acarologia/20194320

217


https://doi.org/10.11158/saa.24.5.1
https://doi.org/10.24349/acarologia/20194320

First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

Figure 1. Eustigmaeus anauniensis (Canestrini) (female). Dorsal view.

218



First Description of Deutonymph Male of Eustigmaeus anauniensis (Canestrini) (Trombidiformes:
Stigmaeidae)

Figure 2. Eustigmaeus anauniensis (Canestrini) (female). A) Prodorsum, B) Coxisternal
region, C) Palp, D) Leg I, E) Anogenital region.
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Figure 4. Eustigmaeus anauniensis (Canestrini) (male). A) Dorsal hysterosoma, B) Ventral
hysterosoma.
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Figure 5. Eustigmaeus anauniensis (Canestrini) (deutonymph female). A) Dorsal view, B)
Ventral view.
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Figure 6. Eustigmaeus anauniensis (Canestrini) (deutonymph female). A) Prodorsum, B)
Coxisternal region, C) Dorsal hysterosoma, D) Ventral hysterosoma.
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Figure 7. Eustigmaeus anauniensis (Canestrini) (deutonymph male). A) Dorsal view, B)
Ventral view.
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Figure 8. Eustigmaeus anauniensis (Canestrini) (deutonymph male). A) Prodorsum, B) Ventral
hysterosoma.
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Figure 9. Eustigmaeus anauniensis (Canestrini) (protonymph). A) Dorsal view, B) Ventral
view.
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Figure 10. Eustigmaeus anauniensis (Canestrini) (protonymph). A) Dorsal hysterosoma, B)
Ventral hysterosoma.
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Figure 11. Eustigmaeus anauniensis (Canestrini) (larva). A) Dorsal view, B) Ventral view.
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Figure 12. Eustigmaeus anauniensis (Canestrini) (larva). A) Dorsal hysterosoma, B) Ventral
hysterosoma.
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