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Preliminary Analysis of Phylogenetic Relationships Among Palaearctic Simuliinae (Diptera, Simuliidae) Inferred
from Morphological Characters. Sukhomlin K. B. – Phylogenetic relationships among the Palaearctic gen-
era of the subfamily Simuliinae are analyzed based on the matrix of 100 morphological characters and
37 taxa, including 6 outgroups. Parsimonic analysis was resulted in 3 consensus trees (weighting based
on CI, RI and RC indices) of slightly different topology, which show monophyly of the subfamily
Simuliinae, tribes Stegopternini, Nevermanniini, Wilhelmiini and Simuliini, and a possible sister-group
relationships between the latter two tribes. Tribe Ectemniini is apparently a paraphyletic formation. The
analysis also supports transferring of the Stegopternini and Nevermanniini from Prosimuliinae to
Simuliinae.

Ke y  wo r d s: Palaearctic Region, blackflies, Simuliidae, Simuliinae, phylogenetic relationships.

Ïðåäâàðèòåëüíûé àíàëèç ôèëîãåíåòè÷åñêèõ îòíîøåíèé ìåæäó ïàëåàðêòè÷åñêèìè Simuliinae (Diptera,
Simuliidae) íà îñíîâå ìîðôîëîãè÷åñêèõ ïðèçíàêîâ. Ñóõîìëèí Å. Á. – Ôèëîãåíåòè÷åñêèå îòíîøå-
íèÿ ìåæäó ïàëåàðêòè÷åñêèìè ðîäàìè Simuliinae ïðîàíàëèçèðîâàíû íà îñíîâå ìàòðèöû èç 100 ìîð-
ôîëîãè÷åñêèõ ïðèçíàêîâ è 37 òàêñîíîâ, â òîì ÷èñëå 6 âíåøíèõ ãðóïï. Â ðåçóëüòàòå ïàðñèìîíè-
÷åñêîãî àíàëèçà ïîëó÷åíû òðè êëàäîãðàììû (âçâåøèâàíèå íà îñíîâå èíäåêñîâ CI, RI è RC) c
íåñêîëüêî îòëè÷íîé òîïîëîãèåé, ïîêàçûâàþùèå ìîíîôèëèþ ïîäñåìåéñòâà Simuliinae, òðèá
Stegopternini, Nevermanniini, Wilhelmiini è Simuliini è, âîçìîæíî, ñåñòðèíñêèå îòíîøåíèÿ ìåæäó
ïîñëåäíèìè äâóìÿ òðèáàìè. Òðèáà Ectemniini, – ïî-âèäèìîìó, ïàðàôèëåòè÷åñêîå îáðàçîâàíèå.
Ïðîâåäåííûé àíàëèç òàêæå ïîäòâåðæäàåò ïðàâèëüíîñòü ïåðåìåùåíèÿ òðèá Stegopternini è
Nevermanniini èç Prosimuliinae â Simuliinae.

Êëþ÷åâûå  ñëîâà: ìîøêè, Ïàëåàðêòèêà, Simuliidae, Simuliinae, ôèëîãåíåòè÷åñêèå âçàèìîîòíî-
øåíèÿ.

Introduction

Analysis of phylogenetic relationships within the family Simuliidae, including characters of the ground
plan of the structure and evidences of monophyly of the family and its subfamilies, was provided by Rubtsov
(1974). There are some differences between existing classifications in understanding relationships among sub-
families, their number, and number of the genus-group taxa in subfamilies.

Phylogeny of blackflies hardly was often discussed in the literature; in particular, position (or relation-
ships among species) of the Nearctic genera Twinnia and Gymnopais (Wood, 1978), Ectemnia (Moulton, Adler,
1997), and Parasimulium (Wood, Borkent, 1982) have been discussed. More recently, basal divergences with-
in Simuliidae were resolved based on molecular sequence data (Moulton, 2000; Borkent, Currie, 2001). All
these phylogenetic reconstructions are based predominantly or exclusively on the Neartic taxa.

Adler et al. (2004) critically analyzed taxonomic characters and reconstructed phylogenetic relationships
among the North American Simuliidae. Their higher classification of the blackflies is the least detailed and the
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most lumped, with subdivision of the family into Parasimuliinae and Simuliinae, and the latter subfamily into
Prosimuliini and Simuliini.

A. Yankovsky (2002) reconsidered position and status of certain family-group taxa and genera of the black-
flies based mainly on Palaearctic material. Particularly, he used more detailed and split classification (includ-
ing the subfamilies Prosimuliinae and Simuliinae, where Adler et al. (2004) would use the tribal rank), placed
the tribes Stegopternini Enderlein, 1930 and Ectemnini Enderlein, 1930 in the subfamily Prosimuliinae and
considered the tribe Wilhelmiini Baranov, 1926 in the basal position within the Simuliinae. In addition, sev-
eral taxa, which are considered subgenera of the genus Simulium by Adler et al. (2004), he takes in the full
generic rank.

Later, Sukhomlin (Sukhomlin et al., 2008; Sukhomlin, Zinchenko, 2009) critically analyzed vast num-
ber of morphological characters and proposed an intuitive scheme of phylogenetic relationships in the subfam-
ily Simuliinae, in which Stegopternini and Ectemnini were transferred in this subfamily rather than left in the
Prosimuliinae.

However, so far these propositions were not supported by any rigorous phylogenetic analyses, by means
of computer phylogenetic techniques based on numerous taxa from a wider geographical region and a broad
range of characters, both of adults and larvae.

This work aims the reconstruction of phylogenetic relationships among the genera of the subfamily
Simuliinae (in the sense of Yankovsky, 2002), which is the largest and well represented in the Palaearctics.
Monophyly of the tribes in the Simuliinae and their possible sister-group relationships are to be tested. We real-
ize that such an analysis does not include and neglects certain genera (or subgenera and groups of species in
the sense of Crosskey (1990)) occurring beyond the Palaearctic Region and is therefore only preliminary, but
it covers a core of the Holarctic fauna and would be therefore of certain interest, giving an approximation towards
understanding phylogenetic relationships in the whole subfamily.

In this study, the characters described by Rubtsov (1974), Wood (1982), Crosskey (1990), Yankovsky
(2002), Adler et al. (2004) and others are combined in one matrix and supplemented by several characters pro-
posed by the author; distribution of character states has been carefully revised based mostly on Palaearctic mate-
rial.

We follow concepts of the genera as split by Rubtsov (1974), with additions by Yankovsky (2002), rather
than as lumped by Crosskey (1990) for convenience of analysis.

Material and methods 

To analyze the distribution of morphological characters among taxa of families group and family
Simuliidae the matrix of 100 morphological characters in 37 taxa (table 1), including six outgroups was pre-
pared in Nexus Data Editor program (Page, 2001).

The following representatives of the higher taxa were included in the matrix (only subfamily or genus names
as given in the brackets appear in the matrix and plots): Chaoborus crystallinus De Geer (Chaoboridae), Aedes
cinereus Meigen (Culicidae), Chironomus plumosus Linnaeus (Chironomidae), Culicoides punctatus Latreille
(Ceratopogonidae), Parasimulium stonei Peterson (Parasimuliinae), Prosimulium hirtipes Fries (Prosimuliinae),
Stegopterna trigonia Lundstroem, Greniera fabri Doby et David, Cnephia pallipes Fries, Metacnephia saileri Stone,
Sulcicnephia ovtshinnikovi Rubtsov, Hellihiella latipes Meigen, Byssodon maculatus Meigen, Psilocnetha lamachi
Doby et David, Cnetha verna Macquart, Nevermannia latigonia Rubtsov, Eusimulium aureum Fries, Schoenbaueria
pusilla Fries, Gomphostilbia shogakii Rubtsov, Morops yonakuniense Takeushi, Montisimulium montinum Rubtsov,
Wilhelmia equina Linnaeus, Boophthora erythrocephala De Geer, Psilozia vittata Zetterstedt, Cleitosimulium argen-
teostriatum Strobl, Obuchovia auricoma Meigen, Paragnus bukovskii Rubtsov, Parabyssodon transiens Rubtsov,
Archesimulium tuberosum Lundstroem, Striatosimulium multistriatum Rubtsov, Argentisimulium noelleri Friedrichs,
Tetisimulium bezzii Corti, Phoretodagmia ephemeroptera Rubtsov, Odagmia ornata Meigen, Gnus corbis Twinn,
Simulium morsitans Ådwards (all representing genera of the Simuliinae). 

The most parsimonious trees were calculated by means of PAUP* 4.0b10 (Swofford, 2000). Most of the
multistate characters were considered to be unordered (except 12, 18, 20, 22, 29, 32, 35, 36, 41, 43, 48, 58,
61, 71, 75, 89, 96, 97, which obviously form series in a range). To decrease impact of the characters, which
are subject to homoplasy, the technique of successive weighting was applied. At the beginning of analysis all
the states were tested as unweighted. A heuristic search was resulted in the numerous most parsimonious trees,
and a strict consensus tree obtained from them was as on the fig. 7. It was followed by aposteriori weighting
with the following algorithm: the weight of all characters in the consensus tree was calculated (based on CI,
RI and RC meaning); these weights were assigned to characters, and the cycle was repeated until the same
values in two consecutive cycles are returned (by default, in 4 repetitions). The last consensus tree of each cycle
is considered to be the final result of the phylogenetic relationships analysis. The matrix and trees were then
imported into WinClada (Nixon, 2002); resulted cladograms showing character numbers states (synapomor-
phies for each clade) were exported from this program, and bootstrap significance was also calculated with Nona
(Goloboff, 1999) using default bootstrap parameters. Bootstrap meanings > 50 assigned to the clades on the
tree {1 (the initial tree) were added to the cladograms manually.
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Characters and character states

Head

1. Antenna of imago: (0) 9—10-segmented; (1) 11-segmented.
State 1 occurs in (and is a possible synapomorphy of) Prosimuliinae and Simuliinae.

2. Size of pedicel: (0) as wide as scape; (1) reduced, not much wider than the first flagellomere, cylindri-
cal and similar in both sexes.
State 1 is a possible synapomorphy of Simuliidae.

3. The structure of male eye: (0) occurrence of discontinuity line between large upper facets and small lower
facets; (1) no discontinuity line.
State 1 occurs in the subfamily Parasimuliinae.

4. Number of the upper corneal facets in the male eye: (0) very numerous > 15; (1) 9—12 upper corneal facets.
State 1 is a possible synapomorphy of the Gomphostilbia—Morops group.

5. Female head: (0) small, much narrower than the thorax; (1) large, slightly narrower than the thorax.
State 1 is a possible synapomorphy of the subfamilies Prosimuliinae and Simuliinae.

6. Frons of female: (0) wide, wider (in posterior portion) than long; (1) narrow, narrower than long (fig.1).
State 1 is a possible synapomorphy of the subfamilies Prosimuliinae and Simuliinae.

7. Second segment of female maxillary palp: (0) small, as wide as the third segment, with a small sensory
vesicle; (1) large, 1.5 times as wide as the third segment, with a large sensory vesicle (fig 2).
State 1 occurs in the genera Cnetha, Nevermannia, Eusimulium.

Thorax

8. Coloration of imago thorax: (0) black; (1) brownish or greyish red.
State 1 occurs in representatives of Prosimuliinae, Stegopternini and Ectemniini.

9. Coloration of imago thorax: (0) uniformly matt (black or reddish); (1) notum, feet, sometimes abdomen
with a pattern of silvery spots of various shape.
State 1 is a possible synapomorphy of Nevermanniini, Wilhelmiini, and Simuliini.

10. Silvery spots on scutum: (0) scutum without silvery spots; (1) scutum with silvery spots or vittae.
State 1 is a possible synapomorphy of tribes Nevermanniini, Wilhelmiini, and Simuliini. Silvery spots on
the scutum are absent in some representatives of Nevermanniini (Hellichiella, Byssodon, Psilocnetha, and
Cnetha), but in the other genera of this tribe silvery spots are clearly defined.

11. Katepisternum: (0) conspicuously reduced, almost pointed ventrally in profile; (1) convex ventrally, high-
er than long; (2) strongly outlined, convex ventrally, longer than high.
State 1 occurs in Prosimuliinae. State 2 is a possible synapomorphy of Simuliinae.

12. Katepisternal sulcus: (0) absent; (1) not entirely developed, shallow and wide, along sides, open anteri-
orly; (2) fully developed, deep and narrow, closed anteriorly.
State 1 occurs in Prosimuliinae. State 2 is a possible synapomorphy of Simuliinae.

13. Katepisternal setae: (0) absent; (1) present.
Occurs in Parasimuliinae and the group Morops—Gomphostilbia.
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Fig. 1. Frons of female: 1 – Parasimulium sp. (after Rubtsov, 1956 with changes), 2 – Pr. rufipes, 3 – Cn.
verna, 4 – Sim. bergi (after Kaplich et al., 2012).

Ðèñ. 1. Ôîðìà ëáà ñàìîê: 1 – Parasimulium sp. (ïî Ðóáöîâó, 1956 ñ èçìåíåíèÿìè), 2 – Pr. rufipes, 3 –
Cn. verna, 4 – Sim. bergi (ïî Êàïëè÷ó è äð., 2012).

Fig. 2. Second segment of female maxillary palp: 1 – Cn. verna, 2 – Arg. noellery (after Kahlich et al., 2012).

Ðèñ. 2. Âòîðîé ÷ëåíèê ìàêñèëëÿðíîãî ùóïèêà ñàìêè: 1 – Cn. verna, 2 – Arg. noellery (ïî Êàïëè÷ó è
äð., 2012).
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14. Ànepisternal membrane: (0) bare; (1) setulose.
State 1 is a possible synapomorphy of Tetisimulium, Odagmia, and Phoretodagmia, and also in Morops,
Wilhelmia, and Metacnephia, but possibly independently, due to homplasy.

15. Dark pattern on the female scutum: (0) absent; (1) lyrate.
State 1 occurs in the tribe Wilhelmiini and the genera Byssodon, Psilocnetha, Striatosimulium, and
Tetisimulium, possibly due to homplasy.

Wing

16. Shape: (0) not broadened at base; (1) strongly broadened at base.
State 1 is a possible synapomorphy of Simuliidae.

17. Setulosity of costal vein: (0) irregularly piliform; (1) with hairs and spines.
State 1 is a possible synapomorphy of the subfamily Simuliinae.

18. Setulosity of the radius sector (RS) vein: (0) long hairs; (1) short hairs; (2) short hairs and spines (fig. 3).
State 1 occurs in the Prosimuliinae. State 2 is hypothesized to be a synapomorphy of the Simuliinae.

19. Radius sector (RS): (0) widely branched into R2+3 and R4+5; (1) not branched.
State 1 occurs in the subfamilies Prosimuliinae and Simuliinae and is believed to be their synapomor-
phy.

20. Setulosity of vein R1: (0) only hairs along whole length; (1) base bare, the rest haired; (2) one half is
haired, another half is haired and spinose; (3) one half is bare, another half is haired and spinose; (4)
basal one-third is bare, medial one-third is haired, apical one-third is haired and spinose.
State 1 is found in the Byssodon-Psilocnetha group. State 2 is believed to be a synapomorphy of the tribe
Wilhelmiini, and occurs also in the genus Tetisimulium, possibly due to homoplasy. State 3 is found in
all members of the tribe Simuliini. State 4 is represented in the group Boophthora-Psilozia, genera
Paragnus and Gnus, possibly due to homplasy.

21. Basal radial cell of wings: (0) shorter, at most ⅓ × as long as RS; (1) longer, half as long as RS (fig. 4).
State 1 occurs in the Prosimuliinae, members of Stegopternini and genera Cnephia and Metacnephia of
the tribe Ectemniini.

22. Basal medial cell: (0) large; (1) small, but distinct; (2) entirely reduced.
State 1 is common in the subfamilies Parasimuliinae and Prosimuliinae. State 2 is a possible synapomor-
phy of the subfamily Simuliinae.

23. False vein: (0) feebly visible; (1) distinctive.
State 1 is present the subfamilies Prosimuliinae and Simuliinae.

24. False vein: (0) neither bifurcated at the tip, nor reaching the apical edge of the wing; (1) bifurcated at
the tip, reaching the apical edge of the wing.
State 1 is a possible synapomorphy of the subfamilies Prosimuliinae and Simuliinae.

Legs

25. Coloration: (0) black; (1) spotted, often with silvery spots.
State 1 occurs in the tribes Nevermanniini, Simuliini and is their possible synapomorphy; however, it is
present in species of the genus Sulcicnephia, possibly, due to homoplasy.

26. Hind tibia spur: (0) shorter than tibia width; (1) longer than tibia width.
State 1 is a possible synapomorphy of tribe Stegopternini.

Fig. 3. Setulosity of the radius sector vein: 1 – Parasimulium sp., 2 – Pr. hirtipes, 3 – W. equina (after Kahlich
et al., 2012).

Ðèñ. 3. Îïóøåíèå ðàäèàëüíûõ æèëîê êðûëà: 1 – Parasimulium sp., 2 – Pr. hirtipes, 3 – W. equina (ïî
Êàïëè÷ó è äð., 2012).

Fig. 4. Basal radial cell of wings: 1 – Ñnephia pallipes, 2 – Simulium morsitans (after Kaplich et al., 2012).

Ðèñ. 4. Áàçàëüíî-ðàäèàëüíàÿ ÿ÷åéêà êðûëà: 1 – Ñnephia pallipes, 2 – Simulium morsitans (ïî Êàïëè÷ó è
äð., 2012).
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27. Fore basitarsus: (0) thin, cylindrical; (1) widened at its distal end.
Condition 1 is a possible synapomorphy of the tribe Simuliini and occurs in some Nevermanniini
(Byssodon, Psilocnetha, Schoenbaueria, Gomphostilbia, Morops), apparently due to homoplasy.

28. Shape of the distal edge of hind basitarsus: (0) hind basitarsus laterally flattened and ventrally keeled; (1)
basitarsus with projection.
State 1 occurs in the subfamily Parasimuliinae, and tribes Stegopternini, Nevermanniini, Wilhelmiini,
Simuliini.

29. Calcipala: (0) not developed; (1) weakly developed; (2) well expressed (fig. 5).
State 1 occurs throughout of the subfamily Prosimuliinae, genera Cnephia, Metacnephia and is their pos-
sible synapomorphy. State 2 characterizes of the tribes Stegopternini, Nevermanniini, Wilhelmiini,
Simuliini.

30. Pedisulcus: (0) not expressed; (1) well expressed.
State 1 is a possible synapomorphy of the tribes Nevermanniini, Wilhelmiini, Simuliini and also occurs
in species of genera Sulcicnephia, probably due to homoplasy.

31. Male claws: (0) simple; (1) with grooved lobes of cuticle on dorsal side at base.
State 1 is found the family Simuliidae.

32. Female claw: (0) with a large basal tooth; (1) with a small basal tooth; (2) simple, without tooth.
State 1 is common in the subfamily Prosimuliinae and occurs also in the groups of the genera
Tetisimulium–Phoretodagmia–Odagmia–Gnus. Condition 2 is a possible synapomorphy of the tribes
Wilhelmiini and Simuliini.

Abdomen

33. First abdominal segment of adults: (0) without basal fringe; (1) with long hairs (basal fringe) at the edge
on each side.
Condition 1 is a possible synapomorphy of the Simuliidae.

34. Lateral silvery spots on male abdomen: (0) absent; (1) present.
State 1 is a possible synapomorphy of the tribes Wilhelmiini and Simuliini.

Male genitalia

35. Gonostylus: (0) small cone-shaped; (1) nearly as long as gonocoxite; (2) longer than gonocoxite; (3) short
and thin; (4) short and wide.
State 1 is a possible synapomorphy of the tribes Ectemniini and Nevermanniini. State 2 is attributing of
the tribe Simuliini (excluding genera Boophthora, Psilozia). Condition 3 is a possible synapomorphy of
the tribe Wilhelmiini. Condition 4 characterizes the genus Boophthora.

36. Gonostylus apical spinules: (0) two or more; (1) one apical; (2) no apical spinule.
State 1 is a possible synapomorphy of the tribes Ectemniini and Nevermanniini. State 2 is present in the
tribe Simuliini (excluding genera Boophthora, Psilozia). Condition 3 is a possible synapomorphy of the
genera of the tribe Wilhelmiini. Condition 4 characterizes the genus Boophthora.

37. Tubercle at the gonostylus base: (0) absent; (1) setulose; (2) spinose.
Condition 1 is a possible synapomorphy of the genera group Argentisimulium, Tetisimulium, Phoretodagmia,
Odagmia, Gnus and Simulium. and occurs in the genus Paragnus, probably due to homoplasy. State 2 is
attributing of the genera Parabyssodon, Archesimulium, Striatosimulium.

38. Ventral plate of the aedeagus: (0) lamellate; (1) lamellate with a medial keel; (2) lamellate with a pos-
terior notch; (3) thin curved strip shaped; (4) V-shaped, without heel.
State 1 occurs in the genera Nevermannia and Obuchovia. State 2 is found in the genus Montisimulium.
State 3 is a possible synapomorphy of the tribe Wilhelmiini. State 4 characterizes the genus Eusimulium.

39. Ventral plate of the aedeagus: (0) lamellate; (1) laterally compressed, with prominent lip and heel; (2)
narrow wedge-shaped, with lip and heel.
State 1 is a possible synapomorphy of Striatosimulium, Tetisimulium, Phoretodagmia, Odagmia, Gnus and
Simulium group. State 2 characterizes the genus Argentisimulium.

Fig. 5. Calcipala: 1 – Ñ. pallipes, 2 – St. trigonia, 3 – Sch. pusilla, 4 – Arg. noellery, 5 – Sim. morsitans (after
Kaplich et al., 2012).

Ðèñ. 5. Êàëüöèïàëà: 1 – Ñ. pallipes, 2 – St. trigonia, 3 – Sch. pusilla, 4 – Arg. noellery, 5 – Sim. morsitans
(ïî Êàïëè÷ó è äð., 2012).



40. Body of the ventral plate: (0) without bending; (1) ventrally curved; (2) of complex shape.
State 1 is present in the genera Psilocnetha, Montisimulium, Archesimulium, in some cases, probably due
to homoplasy. State 2 is a possible synapomorphy of Cleitosimulium.

41. Apical lip of the ventral plate: (0) poorly expressed, normally haired; (1) small, elevated, slightly haired;
(2) large, haired.
State 1 is found in the tribe Wilhelmiini and also occurs in the genera
Boophthora–Psilozia–Cleitosimulium–Obuchovia, possibly due to homoplasy. State 2 is represented in the
species of tribe Simuliini.

42. Denticles on the heel of ventral plate: (0) lacking; (1) present.
Condition 1 is a possible synapomorphy of the group Argentisimulium–Tetisimu lium–Phoreto dag mia–

Odag mia–Gnus–Simulium of the tribe Simuliini.
43. Parameral spines: (0) paramere without spines; (1) small undifferentiated spines; (2) small differentiat-

ed spines; (3) 3—5 big spines; (4) 2—3 big spines; (5) 1 big spike.
State 1 is a possible synapomorphy of the tribe Stegopternini. It is present in the genera Hellichiella, Morops
and Psilozia, possibly due to homplasy. State 2 is a possible synapomorphy of the tribes Ectemniini,
Wilhelmiini and Simuliini. State 3 characterizes species of the genus Montisimulium. State 4 is represent-
ed the species of the genus Schoenbaueria. Condition 5 is a possible synapomorphy of the
Cnetha–Nevermannia–Eusimulium group.

44. Aedeagus median sclerite: (0) Y-shaped, incised; (1) T-shaped, incised; (2) wide, rounded, spatulate in
apical portion; (3) widely rounded; (4) long thin plate; (5) elongate, unfolded; (6) elongate, transver-
sally folded.
State 1 is typical for the genus Schoenbaueria. State 2 is a possible synapomorphy of the genera
Hellichiella and Byssodon. Condition 3 characterizes the genus Psilozia. State 4 is an attribute of the
Nevermannia–Eusimulium group and occurs in the Obuchovia, apparently, due to homoplasy. Condition
5 is a possible synapomorphy of the genera group Gomphostilbia–Morops. State 6 is common in the group
Parabyssodon–Archesimulium–Striatosimu lium–Argentisimulium–Tetisimu lium–Phoretoda gmia– Odag -
mia–Gnus–Simulium.

45. Male X abdominal sternite: (0) absent; (1) rectangular; (2) trapeziform; (3) lyrate; (4) triangular.
State 1 occurs in the tribes Stegopternini, Ectemniini, Wilhelmiini, and is a possible their synapomor-
phy. Condition 2 occurs in the genera Cnetha, Montisimulium, Boophthora, apparently, due to homoplasy.
State 3 is typical for the genera Nevermannia and Cleitosimulium. Condition 4 is common in the genera
Sulcicnephia and Schoenbaueria, probably due to homoplasy.

Female genitalia

46. Hypogynial valve: (0) simple, rectangular, approximated; (1) simple, rectangular, widely separated; (2)
simple, with broadly rounded or truncated posteriorly; (3) markedly elongate; (4) with S-shaped curved
medial edge; (5) elongated into narrow annular curved strips.
State 1 occurs only in the genus Striatosimulium. State 2 is found in the genus Gnus. State 3 is represent-
ed in the genera Cnephia, Nevermannia, Eusimulium, Psilozia, Cleitosimulium, Obuchovia, either as a synapo-
morphy or as a homplasy. State 4 is a possible synapomorphy of the Tetisimulium–Phoretodagmia–Odagmia
group. State 5 is a possible synapomorphy of the tribe Wilhelmiini.

47. Anal lobes: (0) incomplete separation of X sternite; (1) anal lobes expressed, separated; (2) anal lobes
narrow, elongated.
State 1 encodes all the states of the character in the Simuliidae except for the subfamily Parasimuliinae.
State 2 is a possible synapomorphy of the subfamilies Prosimuliinae and the tribes Stegopternini and
Wilhelmiini and occurs in the genera Cnephia, Cnetha, Nevermannia, Psilozia, Obuchovia, possibly due
to homoplasy.

48. Anal lobes: (0) incomplete separation of the X sternite; (1) anal lobes expressed, separated; (2) medi-
um-sized, rectangular; (3) medium-sized, triangular, undivided; (4) medium-sized, triangular, divided.
State 1 encodes all the states of the character in the Simuliidae except for the subfamily Parasimuliinae.
State 2 is found in all members of the subfamily Simuliinae, except Stegopternini and Wilhelmiini. State
3 is represented in the genera Eusimulium, Schoenbaueria, Parabyssodon, Archesimulium, Striatosimulium,
Tetisimulium, Phoretodagmia and Simulium, possibly as a homplasy. State 4 is a possible synapomorphy
in the genus Odagmia.

49. Anal lobes: (0) incomplete separation of X sternite; (1) anal lobes expressed, separated; (2) large, wide.
State 1 encodes all the states of the character in the Simuliidae except for the subfamily Parasimuliinae.
State 2 occurs in the genera Boophthora, Argentisimulium and Gnus.

50. Stem of the genital fork: (0) short, 1.5—2× as long as the height of the branches; (1) long, 2.5—4× as
long as the height of the branches.
State 1 is a possible synapomorphy of subfamily Simuliinae.

51. Divergence angle of the genital fork branches: (0) < 90°; (1) > 90°.
State 1 is a possible synapomorphy of the tribes Wilhelmiini and Simuliini.

52. Apodemes of the genital fork branches: (0) absent; (1) present.
State 1 is a possible synapomorphy of the subfamily Simuliinae.
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53. Number of spermathecae: (0) three; (1) one large, central.
State 1 is a possible synapomorphy of the family Simuliidae.

54. Structure of the spermatheca surface: (0) smooth; (1) shagreened surface with a hexagonal pattern.
State 1 is a possible synapomorphy of the Gomphostilbia-Morops group.

55. Behavior of females in the process of blood sucking: (0) females bite rapidly upon settling; (1) females
spend a relatively long period of time crawling and probing before biting a host.
State 1 occurs in the family Simuliidae.

Larva

56. Number of larval instars: (0) 3—4; (1) 4—11.
State 1 is a possible synapomorphy of the family Simuliidae.

57. Larval body coloration: (0) variously colored; (1) typically blackish dorsally and whitish ventrally.
State 1 is a possible synapomorphy of the Cleitosimulium–Obuchovia groups (Adler et al., 2004).

58. Cuticle: (0) without setae; (1) covered by spatulate setae; (2) covered by flabelliform setae.
State 1 is believed to be independently evolved in the genera Byssodon, Parabyssodon, and Phoretodagmia.
State 2 is a possible synapomorphy of the genus Psilocnetha.

59. Frontoclypeal apotoma: (0) V-shaped posteriorly; (1) U-shaped posteriorly; (2) expanded posteriorly.
State 1 is typical for representatives of the tribes Nevermanniini, Wilhelmiini and some genera of the tribe
Simuliini. Condition 2 is found in all the members of Greniera, Ñnephia, Obuchovia, Paragnus,
Argentisimulium, Odagmia, and Gnus, possibly as a homplasy.

60. Pattern of the frontoclypeal apotoma: (0) positive (dark on light background), fuzzy; (1) positive cruci-
form, has 2 pairs of lateral spots; (2) positive cruciform, has a pair of lateral spots; (3) positive pyrami-
dal; (4) negative (light on a dark background) H-shaped.
State 1 is a possible synapomorphy of the tribes Stegopternini, Ectemniini and some representatives of
Nevermanniini (Hellichiella, Psilocnetha, Cnetha). Condition 2 is common in the tribe Wilhelmiini and
majority species of the tribe Simuliini. State 3 a typical for the genus Gnus. State 4 occurs in Byssodon,
Argentisimulium, and Simulium, possibly as a homplasy.

61. Postgenal cleft: (0) small, < 0.5× as high as length of the postgena, weakly developed; (1) medium-sized,
0.5× as high as length of the postgena; (2) large, > 0.5× as high as length of the postgena, well deve -
loped.
State 1 is a possible synapomorphy of the tribe Wilhelmiini. Condition 2 is a possible synapomorphy of
the tribes Ectemniini and Simuliini (except genera Phoretodagmia, Odagmia), also occurs in the genera
groups Metacnephia—Sulcicnephia, Gomphostilbia—Morops, and the genus Byssodon.

62. Number of antennal joints: (0) one; (1) three.
State 1 is a possible synapomorphy the subfamilies Prosimuliinae and Simuliinae.

63. Basal joint of antenna: (0) without notches; (1) with 5—7 additional notches.
State 1 occurs in the genera Greniera and Hellichiella, probably due to homoplasy.

64. Length of antenna: (0) almost as long as the labral-fan stalk; (1) markedly elongate, much longer than
the labral-fan stalk; (2) shorter than labral-fan stalk.
State 1 is a possible synapomorphy of the tribes Stegopternini and Nevermanniini. State 2 is a common
feature for the tribes Ectemniini and Simuliini, apparently due to homoplasy.

65. Coloration of antenna: (0) unicolour; (1) contrast.
State 1 is a possible synapomorphy of Prosimuliinae, also occurs in the genera Metacnephia and
Cleitosimulium, probably due to homoplasy.

66. Labral fan: (0) smaller than larval head capsule; (1) more than larval head capsule.
State 1 is common for representatives the genera Greniera and Hellichiella.

67. Number of ray rows in the labral fan: (0) a large number of the rows rays; (1) reduced to three rows of
rays.
State 1 is a possible synapomorphy of the family Simuliidae.

68. Epipharyngeal stipe: (0) absent; (1) stipe directed anteroventraly.
State 1 is a possible synapomorphy of the family Simuliidae.

69. Hypostomal teeth: (0) simple, unseparation; (1) with large difficult arranged teeth.
State 1 is a possible synapomorphy of the subfamilies Parasimuliinae and Prosimuliinae.

70. Simple hypostomal teeth: (0) uncollected in groups; (1) collected in three distinct groups.
State 1 is a possible synapomorphy of the tribe Stegopternini.

71. Hypostomal teeth: (0) small; (1) medium-sized; (2) large.
State 1 is represented in the tribe Wilhelmiini, genus Nevermannia and the groups Boophthora–Psilozia;
Cleitosimulium–Obuchovia; Tetisimulium–Phoretodagmia, possibly as a homplasy. Condition 2 is a possi-
ble synapomorphy of the subfamilies Parasimuliinae, Prosimuliinae and the tribe Stegopternini, also occurs
in the genera Eusimulium and Montisimulium, apparently, due to homoplasy.

72. Anterior margin of the hypostoma: (0) flat; (1) rough, median and lateral teeth are much larger than the
sublateral teeth; (2) rough, median and lateral teeth slightly larger than the sublateral; (3) rounded as
median tooth higher than others.
State 1 characterizes the subfamilies Parasimuliinae, Prosimuliinae, tribe Stegopternini, genera Hellichiella
and Montisimulium. Condition 2 is common in the groups Byssodon—Psilo cnetha—Cne tha—
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Nevermannia—Eusimulium and Archesimulium—Striatosimulium—Argen tisimulium—Tetisi muli -
um—Phoretodagmia—Odagmia—Gnus—Simulium, apparently, due to homoplasy. Condition 3 is believed
to be independently evolved in the three genera: Sulcicnephia, Schoenbaueria, and Obuchovia.

73. Paralateral teeth of the hypostoma: (0) small and not numerous; (1) numerous and large; (2) not numer-
ous; (3) absent.
Condition 1 a typical for the genus Phoretodagmia. State 2 is a possible synapomorphy of the subfamily
Simuliinae. Condition 3 is a possible synapomorphy of Prosimuliinae.

74. Outer teeth of the larval mandible: (0) reduced from anterior to posterior; (1) equal; (2) posterior and
anterior teeth larger than the intermediate; (3) posterior tooth larger than others.
State 1 characterizes the tribes Ectemniini and Wilhelmiini, and Cleitosimulium—Obuchovia groups.
Condition 2 is a possible synapomorphy of the tribe Nevermanniini, also occurs in the genus Striatosimulium,
probably due to homoplasy. State 3 is a possible synapomorphy of representatives the subfamily
Prosimuliinae and the tribe Stegopternini.

75. Inner teeth of the mandible: (0) shorter than outer teeth; (1) as long as outer teeth; (2) longer than outer
teeth.
State 1 occurs in the genera Greniera, Sulcicnephia, Nevermannià, Schoenbaueria, Wilhelmia, and
Cleitosimulium, probably due to homoplasy. Condition 2 is represented in the groups Ñnephia—Metacnephia;
Gomphostilbia—Morops—Montisimulium; Obuchovia—Paragnus—Parabyssodon—Archesimulium— Striato -
simulium—Argentisimulium—Tetisimulium—Phoretodagmia—Odagmia—Gnus—Simulium, possibly due to hom-
plasy.

76. Teeth on the marginal plate of the mandible: (0) very numerous and small; (1) one large and 1—4 small;
(2) two small; (3) two large.
State 1 occurs in the subfamilies Prosimuliinae and Simuliinae. Condition 2 is a possible synapomorphy
of the tribe Wilhelmiini. State 3 is typical for the genus Psilozia.

77. Lateral sclerite of the prothoracic proleg: (0) absent; (1) narrow, not vertically produced; (2) broad, with
vertical portion well developed.
State 1 is typical for representatives of the subfamily Prosimuliinae. State 2 is a possible synapomorphy
of the subfamily Simuliinae.

78. Silk glands: (0) small, unfolded; (1) large, folded.
State 1 is a possible synapomorphy of the family Simuliidae.

79. Papilles of abdomen: (0) absent; (1) present.
State 1 is represented in the genera Byssodon and Parabyssodon.

80. Ventral bulge of the IX abdominal segment: (0) absent; (1) one pair of large conical ventral bulges.
State 1 is found in all members of the tribes Nevermanniini and Simuliini (Gomphostilbia, Montisimulium,
Cnetha, Nevermannia, Eusimulium, Schoenbaueria, Obuchovia, Boophthora).

81. Anus: (0) terminal (apical); (1) dorsal.
State 1 is a possible synapomorphy of the family Simuliidae and Chironomidae.

82. Rectal papilles: (0) paired; (1) three.
State 1 is a possible synapomorphy of the family Simuliidae.

83. Anal sclerite: (0) absent; (1) X-, Y-shaped structure on the dorsum of abdominal segment IX.
State 1 is a possible synapomorphy of the family Simuliidae.

84. Location of the hooks on prothoracic prolegs and posterior circlet: (0) irregularly arranged, but not in the
linear fashion; (1) arranged in longitudinal rows.
State 1 characterizes the family Simuliidae.

85. Posterior circlet: (0) with a narrow ring of hooks; (1) with a wide ring of hooks.
State 1 is a possible synapomorphy of the tribe Wilhelmiini and independently happens also in the gen-
era Obuchovia, Cleitosimulium and Phoretodagmia.

86. Behavior of the pharate pupa: (0) neither feeds, nor moves; (1) feeds and spins its cocoon.
State 1 is a possible synapomorphy of the family Simuliidae.

Pupa

87. Cocoon: (0) shapeless, loose; (1) triangular, delicate; (2) triangular, with thickened rim anteriorly; (3)
triangular, with hornlike process grow anteriorly; (4) boot shaped (fig. 6).
State 1 is believed to be a synapomorphy of the tribe Stegopternini, and occurs in the genera Cnephia,
Argentisimulium, Tetisimulium, possibly due to homoplasy. State 2 occurs in some representatives of the
tribes Nevermanniini and Simuliini, possibly as a homplasy. Condition 3 is represented in the group
Hellichiella, Psilocnetha, Cnetha, Nevermannia. State 4 is a possible synapomorphy of the tribe Wilhelmiini,
and independently happens also in the generic groups Metacnephia-Sulcicnephia; Cleitosimulium-
Obuchovia-Paragnus, and the genus Byssodon.

88. Initial branching of the gill respiratory organ: (0) a common gill base gives rise; (1) three main branch-
es; (2) with filaments arising singly from knob.
State 1 is a possible synapomorphy of the family Simuliidae. State 2 occurs in the genus Cnephia.
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89. Number of filaments in the gill: (0) unbranched respiratory organ; (1) gill with numerous slender filaments,
the number of 20—30; (2) slender filaments, the number of 10—16; (3) slender filaments, the number of
6—8; (4) slender filaments, the number of 4; (5) short, swollen.
State 1 is a possible synapomorphy of the Parasimuliinae, Prosimuliinae, the tribe Ectemniini; howev-
er, it rises in species of the genera Byssodon and Paragnus, apparently, due to homoplasy. Condition 2
is typical for the tribe Stegopternini, it occurs in the genera Sulcicnephia, Hellichiella, Gnus, possibly as
a homplasy. State 3 is represented in the genera Schoenbaueria, Gomphostilbia, Cleitosimulium—Obuchovia,
in the group Archesimulium—Striatosimulium—Argentisimulium—Tetisimu lium—Phoreto dag -
mia—Odagmia—Simulium, apparently, due to homoplasy. Condition 4 occurs in the genera Cne -
phia—Nevermannia—Eusimulium, Morops, and Parabyssodon.

90. Arrangement of the gill filaments: (0) in different planes; (1) in the same plane.
State 1 is believed to be a synapomorphy of several groups Cnetha–Nevermannia–Eusimulium; Parabys -
so don–Archesimulium–Striatosimulium; Tetisimulium–Phoretodagmia–Odagmia–Gnus–Simulium.

91. The regulatory apparatus of spiracle: (0) absent; (1) present.
State 1 is typical for the family Simuliidae.

92. Mesothoracic spiracle by pharate adult: (0) communicates directly with the base of the pupal gill; (1) spir-
acle is situated somewhat more dorsally.
State 1 is a possible synapomorphy of the subfamilies Prosimuliinae and Simuliinae.

93. Plastron network: (0) does not covering entire pupal gill; (1) covering entire pupal gill.
State 1 is a possible synapomorphy of the subfamilies Prosimuliinae and Simuliinae.

94. Felt chamber of the gill: (0) present; (1) lost.
State 1 is common in the subfamilies Prosimuliinae and Simuliinae.

95. Structure of the abdominal segments: (0) abdominal segments III-VIII with tergites and sternites apparen -
tly undivided; (1) abdominal segments III-VIII with tergites and sternites widely separated by pleural mem-
brane.
State 1 is common for the family Simuliidae.

96. Chaetotaxy of abdominal tergites: (0) tergites V—IX each with an anterior row of spine combs; (1) ter-
gites VI—IX each with an anterior row of spine combs; (2) tergites VII—IX each with an anterior row of
spine combs; (3) tergites VII or VIII each with an anterior row of spine combs; (4) spine combs absent.
State 1 is believed to be independently evolved in some genera the subfamily Simuliinae: Stegopterna,
Eusimulium, Psilozia, Parabyssodon and the groups Gomphostilbia–Morops; Phoretodagmia–Odagmia.
Condition 2 occurs in the genera Boophthora, Cleitosimulium, Archesimulium, Argentisimulium,
Striatosimulium, Gnus and Simulium. State 3 is represented in the genera Sulcicnephia, Hellichiella and
Tetisimulium, possibly as a homplasy. Condition 4 is a possible synapomorphy of the tribe Wilhelmiini.

97. Terminal spines of abdomen: (0) long, situated orthogonally to the pupal body; (1) small; (2) absent.
State 1 is a possible synapomorphy of the tribes Nevermanniini and Simuliini. State 2 is typical for the
tribe Wilhelmiini.

Fig. 6. Cocoon: 1 – triangular, with thickened rim anteriorly (Boophthora), 2 – triangular, with a collar
(Striatosimulium), 3 – triangular, with horn-like process grow anteriorly (Nevermannia), 4 – boot shaped
(Byssodon), 5 – boot shaped (Sulcicnephia), 6 – triangular, with the holes on the sides (Simulium reptans),
7 – triangular, delicate (Stegopterna), 8 – triangular, delicate (Cnephia), 9 – with woven collar (Gnus) (after
Rubtsov, 1956, with changes).

Ðèñ. 6. Ôîðìà êîêîíà: 1 – ïðîñòîé (Boophthora), 2 – ñ âîðîòíè÷êîì (Striatosimulium), 3 – ïðîñòîé, ñ
ðîãîâèäíûì âûðîñòîì (Nevermannia), 4 – áàøìàêîâèäíûé (Byssodon), 5 – ñàïîæêîâèäíûé (Sulcicnephia),
6 – ïðîñòîé, ñ îòâåðñòèÿìè ïî áîêàì (Simulium reptans), 7 – òðåóãîëüíûé, àæóðíûé (Stegopterna), 8 –
áåñôîðìåííûé (Cnephia), 9 – ñ ïëåòåíûì âîðîòíè÷êîì (Gnus) (ïî Ðóáöîâó, 1956 ñ èçìåíåíèÿìè).



Karyology

98. Chromosomal inversion in middle of IIIL-1 arm: (0) absent; (1) present.
State 1 is a possible synapomorphy of the Argentisimulium, Tetisimulium, Phoretodagmia, Odagmia group.

99. Chromosomal inversion in base of IIIL arm: (0) absent; (1) present.
State 1 is represented in the group Gnus-Simulium.

100. Chromosomal inversion in base of IIIS arm: (0) absent; (1) present.
State 1 is typical for the group Gnus-Simulium.

Results and discussion

The initial consensus tree (length = 494, CI = 34, RI = 62) from the shortest par-
simony trees that was found by heuristic search (hs) in the program PAUP* is shown in
fig. 7; it shows multiple polytomies and looks to be poorly resolved. To access higher res-
olution with mainly dichotomic branching, the technique of successive reweighting was
applied. Four successive reweighting of characters carried by the value of CI (consisten-
cy index) and RC (rescaled consistency) were resulted in the trees 8, 9 and 10, correspond-
ingly (length = 417, CI = 41, RI = 71; length = 417, CI = 41, RI = 71; length = 418,
CI = 40, RI = 71, correspondingly).

The bootstrap calculation for both CI and RC resulting trees showed the reliability
of monophyly (bootstrap is higher than 50%) only for 7 branches (fig. 8—10), includ-
ing: Simuliidae, Prosimuliinae + Simuliinae, Simuliinae, Stegopterna + Greniera, Cnetha
+ Nevermannia + Eusimulium, Nevermannia + Eusimulium, Gomphostilbia + Mo rops,
Byssodon + Psilocnetha, Wilhelmiini + Simuliini, Tetisimulium + Phoreto dag mia +
Odagmia, Phoretodagmia + Odagmia.

Further analysis was based on the assumption that the multistate characters 12, 18,
20, 22, 29, 32, 35—36, 41, 43, 48, 58, 61, 71, 75, 89, and 96—97 are ordered.

This analysis clearly shows the subfamily Simuliinae (in the sense accepted in this
paper) to be monophyletic. Its monophyly is supported by the numerous synapomorphies
as shown on fig. 8—9 and 100 % bootstrap. Unique synapomorphies supporting mono-
phyly of the subfamily Simuliinae are as follows: imago antenna 11-segmented; katepis-
ternal sulcus fully developed, deep and narrow, locked anteriorly; costal wing haired and
spiniose; radial wing veins short haired and spinose; basal medial cell of wing reduced;
apodemes on branches of the genital fork present. Such a monophyletic subfamily
includes the tribes Stegopternini, Ectemniini, Nevermanniini, Wilhelmiini, and Simuliini;
the Stegopternini and Ectemnini clearly belong in this subfamily rather than Prosimuliinae,
as Yankovsky (2002) suggested.

In the Simuliinae, monophyly of the tribe Stegopternini (Stegopterna + Greniera)
is supported by the synapomorphies 261, 701, 741 and 76 % bootstrap. The unique
synapomorphies supporting the monophyly of Stegopternini are the long hind tibial spurs
and simple hypostomal teeth arranged in three distinct groups.

The tribe Ectemniini (defined to include the genera Cnephia, Metacnephia, Sulcicnephia
in this analysis) is found to be a paraphyletic formation in two of the three analyses; how-
ever, in the RI reweighted tree, it appears monophyletic based on the hypotheses of 5°
and 72° reversal, and independent development of 351, 432, 642, 741, all highly subject to
homoplasies.

The tribe Nevermanniini (genera Hellihiella, Byssodon, Psilocnetha, Cnetha,
Nevermannia, Eusimulium, Schoenbaueria, Gomphostilbia, Morops, Montisimulium) is
monophyletic in the CI and RC reweighting analyses, and supported by the characters
641, 722, 872 (homoplastic). Bootstrap of this branch is 64—76 %, indicating moderate-
ly good support for its monophyly.

In the tribe Nevermanniini, several genera groups are recognized. The lineage
Gomphostilbia + Morops is supported by the synapomorphies 41, 131, 271, 445, 541, 752

and shows 70—76 % bootstrap. Unique synapomorphies are the presence of 9—12 upper
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corneal facets in the male eyes, and hexagonally shagreened spermatheca surface. Among
the characters assumed homoplastic, there are the haired katepisternum and elongate, non-
folded gonofurca (aedeagus median sclerite), which confirming the validity of group selec-
tion.

The Hellichiella + Byssodon + Psilocnetha lineage sharing synapomorphies 442 (or
also 75° and 873) is very poorly supported on the CI and RC weighted trees with 2—3 %
bootstrap (but not appear on the RI tree). Its unique synapomorphy is the broad, round-
ed, apically widened gonofurca. The triangular pupal cocoon, with hornlike process grow-
ing anteriorly is its other valuable character, though subject to homoplasy.

Byssodon + Psilocnetha is supported as a monophyletic lineage by the synapomor-
phies 151 (female scutal pattern distinctly lyrate), 201 (the setulose vein R1 – except its
base bare), 271 (foreleg basitarsus widened on the distal end), sometimes 581, 722, 75°,
and 80° (reversals) and 55—60 % bootstrap.

Fig. 7. Relationships of Palaearctic Simuliinae genera. The strict consensus tree of the most parsimonious trees.
Bootstraps higher than 50 % are given in bold left and below of the clades.

Ðèñ. 7. Êëàäîãðàììà ñâÿçåé ìåæäó ðîäàìè ïîäñåìåéñòâà Simuliinae Ïàëåàðêòèêè. Êîíñåíñóñíîå äåðå-
âî èç ïàðñèìîíè÷åñêèõèõ äåðåâüåâ. Áóòñòðåï áîëüøå 50 % âûäåëåí æèðíûì øðèôòîì.



e-44 K. B. Sukhomlin

The lineage Schoenbaueria + Cnetha + Nevermannia + Eusimulium is a monophylet-
ic formation with synapomorphy 434 (presence of 2—3 large spikes in male paramere)
only on the RC tree with 10 % bootstrap.

Monophyly of the group of genera Cnetha + Nevermannia + Eusimulium is support-
ed by synapomorphies 71, 435, 894, 901 and 65—76 % bootstrap. The unique synapomor-
phies are the presence of big 2nd segment of female maxillary palp with big sensory vesi-
cle and 1 big spike on male paramere. The presence of four slender filaments in pupal
gill and arrangement of pupal gill filaments in the same plane are the synapomorphies
occurring elsewhere.

The lineage Nevermannia + Eusimulium is a very well supported by the synapomor-
phies 251, 411, 444, 463, 602, 711 and 74—83 % bootstrap. All these characters are subject
to homoplasy (spotted legs colouration of imago, often with silvery spots; apical lip of
ventral plate small, elevated, slightly covered by setae, long thin plate-shapes aedeagus
median sclerite; female hypogynial valve markedly elongate; pattern of larval frontoclypeal
apotoma positive cruciform with pair of lateral spots), but in combination clearly show-
ing monophyly of this group.

Fig. 8. Relationships of Simuliinae genera. A consensus tree of the most parsimonious trees obtained from the
analysis with reweighting based on the CI. Bootstraps higher than 50 % are given in bold left and below of the
clades.

Ðèñ. 8. Êëàäîãðàììà ñâÿçåé ìåæäó ðîäàìè ïîäñåìåéñòâà Simuliinae. Êîíñåíññíîå äåðåâî èç ïàðñèìî-
íè÷åñêèõ äåðåâüåâ, ïîëó÷åííîå ïðè ïåðåâçâåøèâàíèè ïî CI. Áóòñòðåï áîëüøå 50 % âûäåëåí æèðíûì
øðèôòîì.
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In the subfamily Simuliinae, the monophyly of the lineage Wilhelmiini + Simuliini
is supported by the synapomorphies 201, 322, 341, 352, 411, 512, 711 and 67—76 % boot-
strap. Unique synapomorphies are the presence of lateral silvery spots on male abdomen;
gonostylus longer than gonocoxite; genital fork branches angle is more than 90º . Of the
characters considered to be subject to homoplasy are the small cushion-like, poorly setu-
lose apical lip of ventral plate (gonosternum) and the female claw simple, without a tooth
at base.

Monophyly of the tribe Wilhelmiini, represented in the PalaearcticRegion by one
genus Wilhelmia (and several closely related genera in other regions), in its turn, is sup-
ported by the synapomorphies 141, 151, 353, 383, 465, 472, 64°, 762, 895, 964, 972. Of them,
the short and thin gonostylus; thin curved strip-shaped ventral plate of aedeagus; female
hypogynial valve elongated in the narrow annular curved strips; absence of spine combs
in pupal abdominal tergites; absence of terminal spines in pupal abdomen are unique. The
setulose anepistemal membrane; scutal pattern clear lyre-shaped on the female scutum;
short and swollen filaments in pupal gill; larval antenna almost as long as the labral-fan
stalk; two small teeth on marginal plate of larval mandible are homoplastic synapomor-
phies of the tribe.

Monophyly of the tribe Simuliini (represented in this analysis by the genera
Boophthora, Psilozia, Cleitosimulium, Obuchovia, Paragnus, Parabyssodon, Archesimulium,

Fig. 9. Relationships of Simuliinae genera. A consensus tree of the most parsimonious trees obtained from the
analysis with reweighting based on the RI. Bootstraps higher than 50% are given in bold left and below of the
clades.

Ðèñ. 9. Êëàäîãðàììà ñâÿçåé ìåæäó ðîäàìè ïîäñåìåéñòâà Simuliinae. Êîíñåíññíîå äåðåâî èç ïàðñèìî-
íè÷åñêèõ äåðåâüåâ, ïîëó÷åííîå ïðè ïåðåâçâåøèâàíèè ïî RI. Áóòñòðåï áîëüøå 50 % âûäåëåí æèðíûì
øðèôòîì.
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Striatosimulium, Argentisimulium, Tetisimulium, Phoretodagmia, Odagmia, Gnus, Simulium)
is based on three synapomorphies, 101 (scutum with silvery spots or strips), 203 (vein R1

bare in basal half, haired and spinulose in apical half), 446 (elongated, transversely fold-
ed median sclerite of aedeagus), but bootstrap is less than 50 % (33—35 %), indicating
a low reliability of this result and certain possibility of paraphyly of the tribe.

In the tribe Simuliini, we recognize several lineages based on this analysis. The group
Cleitosimulium + Obuchovia is supported by a unique synapomorphy 571 (larval body col-
oration: blackish dorsally and whitish ventrally) and homoplastic characters 463 (female
hypogynial valve markedly elongate) and 881 (initial branching pupa gill respiratory organ
of three main branches), with bootstrap 32—34 %.

The lineage Boophthora + Psilozia is based only on homoplastic (reversal) charac-
ters 36° (two or more gonostylus apical spines) and 75° (internal teeth of larval mandible
shorter than outer teeth), with bootstrap 48—52 %.

The group of genera Gnus + Simulium + Argentisimulium + Tetisimulium +
Phoretodagmia + Odagmia shares three synapomorphies, 371 (tubercle at the gonostylus
base setulose), 391 (ventral plate of the aedeagus laterally compressed, with lip and heel)
and 421 (denticles on the gonosternum (ventral plate) present), and sometimes 604 (pat-
tern of the frontoclypeal apotoma negative H-shaped) with 36—52 % bootstrap.

Fig. 10. Relationships of Simuliinae genera. A consensus tree of the most parsimonious trees obtained from
the analysis with reweighting based on the RC. Bootstrap values are transferred from the 50 % majority con-
sensus tree, where applicable).

Ðèñ. 10. Êëàäîãðàììà ñâÿçåé ìåæäó ðîäàìè ïîäñåìåéñòâà Simuliinae. Êîíñåíññíîå äåðåâî èç ïàðñèìî-
íè÷åñêèõ äåðåâüåâ, ïîëó÷åííîå ïðè ïåðåâçâåøèâàíèè ïî RC. Ïîêàçàíû çíà÷åíèÿ áóòñòðåïà áîëüøå
50 %.



The clade Gnus + Argentisimulium possesses synapomorphies 481 (anal lobes expressed,
separated), 492 (anal lobes large and wide). 722 (two small teeth on marginal plate of lar-
val mandible), 951 (chromosomal inversions in base of IIIL arm), 961 (chromosomal inver-
sions in base of IIIS arm) and 80 % bootstrap.

The lineage Tetisimulium + Phoretodagmia + Odagmia is supported by the synapo-
morphies 141 (anepistemal membrane haired), 321 (female claw with small basal tooth),
464 (female hypogynial valve with S-shaped curved medial edge) 60°, 981 and 66—72 %
bootstrap.

The genera Phoretodagmia + Odagmia also form a group, supported by the synapo-
morphies 611 (postgenetal cleft the medium-sized and slightly exceeds the height chiti-
nous nodes) 961 (tergites VI—IX each with an anterior row of spine combs) and 52—61
% bootstrap. Both characters are subject to homoplasy. Branch bootstrap is not high, but
reliable, indicate monophyly of these genera.

Conclusion

The results of the parsimony analysis clearly support our earlier hypothesis that
Stegopternini and Ectemnini are closer related to other Simuliinae than to Prosimuliinae
and proposition to remove these tribes from the latter subfamily and to transfer them into
Simuliinae. In addition, the tribes Stegopternini, Nevermanniini, Wilhelmiini and
Simuliini (at least in the Palaearctic Region) are found to be monophyletic. The tribe
Ectemniini is apparently a paraphyletic formation, as it was based on diagnostic charac-
ters absent in other Simuliinae in plesiomorphic mode or possible reversals. In the sub-
family Simuliinae, the monophyly of the lineage Wilhelmiini + Simuliini is well support-
ed, and the basal position of the Wilhelmiini was not supported at all. The genus
Boophthora is shown to belong in the tribe Simuliini.

These suggestions are preliminary to a certain degree, as the genera occurring in the
Afrotropical, Oriental, Australasian and Neotropical Regions were neglected in this
analysis. They are believed not be closely related to the Palaearctic genera and thus not
affecting much on the position of the tribes discussed above. Forthcoming phylogenetic
analyses, based both on morphological data and molecular sequences must clarify rela-
tionships of the genera in details.

The author thanks V. A. Korneyev (I. I. Schmalhausen Institute of Zoology, Kiev) for his valuable cri-
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