Chursina M.A., Maslova O.O.
Variation of sexual dimorphism of the wing shape in the family Dolichopodidae (Diptera)

Biological
sciences

YK 595.773.1
DOI 10.55355/snv2022111118

Cmameosa nocmynuna e pedakyuto / Received: 23.10.2021

Cmameos npuHama K onybaukosaHuto / Accepted: 25.02.2022

VARIATION OF SEXUAL DIMORPHISM
OF THE WING SHAPE IN THE FAMILY DOLICHOPODIDAE (DIPTERA)
© 2022

Chursina M.A., Maslova 0.0.
Voronezh State Pedagogical University (Voronezh, Russian Federation)

Abstract. Although sexual dimorphism manifestations are widespread in the family Dolichopodidae, a detailed
characterization of their phylogenetic significance is lacking. In order to study the distribution patterns of wing sexu-
al dimorphism, we have analyzed 57 species from 17 genera of 9 subfamilies. A comparative analysis of the evi-
dence, obtained by geometric morphometry and molecular data, allowed us to assess the phylogenetic signal in the
sexual dimorphism of the wing. The results of the study confirm the presence of diverse patterns of sexual variability
in the wings of this family. More often, females have larger wings with blunted apexes, whereas males are character-
ized by a more pointed apex. In some cases, the larger size of females’ wings is associated with an increase in the
body size, while in other cases, differences in shape and size can be explained by differences in behavioural and life
patterns. Although there exists a general pattern of sexual dimorphism, its features differ even in closely related spe-
cies. The absence of a significant phylogenetic signal in seven out of nine studied wing points indicates that the sex-
ual dimorphism in form evolved, at least partially, in each of the studied species.

Keywords: Diptera; Dolichopodidae; COI; allometry; geometric morphometry; variability; sexual dimorphism;
phylogeny; phylogenetic signal; wing shape; cytochrome ¢ oxidase.

U3MEHYHUBOCTD ITIOJIOBOTO IUMOP®H3MA
®OPMBI KPbLJIA JIBYKPBLJIBIX CEMEMCTBA DOLICHOPODIDAE
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YypcuHa ML.A., Macnosa 0.0.
BopoHexcckuli eocydapcmeeHHsili nedazoaudeckuli yHusepcumem (2. BopoHex, Pocculickaa ®edepayus)

Annomayus. XoTs MPOSIBICHUS TOJIOBOTO TUMOp(hHU3Ma IMIMPOKO pacrmpocTpaHensl B cemeiictBe Dolichopodidae,
JeTaJbHOE HMCCIIeOBaHUE U3 (PMIOTCHETHIECKON 3HAYUMOCTH OTCYTCcTBYeT. C Henbl0 M3y4YeHUsT 3aKOHOMEPHOCTEH
pacrmpenesieHus: MoJielieii IoJ0BOTro AuMopGhu3Ma KPbUIbEB, MBI [IPOaHATH3UPOBaIH 57 BUIOB U3 17 pomos 9 mojce-
MelcTB cemelicTBa. CpaBHUTENILHBII aHaM3 IPU3HAKOB, MOJIYYEHHBIX METOAAMHU FeOMETPUIYECKOH MOP(HOMETPUH, U
MOJICKYJISIPHBIX ITaHHBIX ITO3BOJIII OICHUTH (PUIOTCHETHUYECKUI CHTHANl XapaKTEPHCTHK ITOJIOBOTO TUMOp(dm3Ma
KPBUIbCB. PeSyJ’lI)TaTI)I HCCICA0OBaHMs MOATBEPIKAAOT HAJIUYNC pa3HOO6p33HI>IX Mouenei& MOJ0BOM HM3MEHYHBOCTU
KpBUIbEB B ceMelcTBe. Yalne BCero CaMKu UMEIOT 0oiee KPYIHbBIC KPBUIbS C MPUTYIUICHHON BEPIIUHOM, TOTJa Kak
JUIsl CAaMIIOB XapaKkTepHa 3aocTpéHHast (hopMa BEpUIMHBI Kpbuia. B psijie ciryuaeB OomnpLinii pa3Mep KpbUILEB CAMOK CBSI-
3aH C YBEIIMUCHHUEM pa3Mepa Tena, TOTAa KaK B IPYTUX CIIydasx pasamdus (GOopMBI U pa3Mepa MOTYT OOBSICHATHCS pas-
JIMYUAMUA B ) KU3HCHHBIX CTPATCTHUAX U MATTEPHAX MOBECACHUA CaMOK U CaMIIOB. Xots CyHICCTBYET 06u1a51 KapTHhHa 110-
JoBoro auMopdu3mMa GopMbl, OTHAKO €r0 OCOOCHHOCTH Pa3IMIAIOTCS Jaxe y OMU3KOPOACTBEHHBIX BUIOB. OTCYyTCTBHE
3HAYUMOI'O (bl/IJ'IOFeHeTI/I‘-IeCKOFO CUTHaJIa JIJI1 CEMU TOYECK Kpblia U3 ACBATU U3YUYCHHBIX YKa3bIBA€T HA TO, YTO MOJIOBOM
TuMopdu3M (HOPMBI FIBOTIOIIMOHUPOBAI, IO KpaifHel Mepe YaCTUYHO, He3aBUCUMO Y KaXKJIOTO U3 U3yUCHHBIX BUJIOB.

Knioueswie croea: Diptera; Dolichopodidae; COl; ammomerpust; reomeTpryeckas MOpGOMETPHS; M3MEHUYUBOCTD;
NoJIOBOH JuMOp(U3M; GUIOTeHNs; GUIOTEHETHIECKHUI CUTHA; (OpMa KPbLJIa, IUTOXPOM-C-OKCHU/Ia34.

Sexual dimorphism is a phenomenon frequently en-
countered in the Dolichopodidae family. The most fre-
quent characters of sexual dimorphism are various modi-
fications of tarsi (dense pubescence, distention and pro-
trusion, colour changes), wings (colour changes of the
wing membrane, thickened costa), postpedicel elonga-
tion and modifications of arista (swelling or protrusion).
Such indicators are usually used for diagnostics.

However, more impalpable distinctions between fe-
males and males, such as wing shape, are characteristic
of the family, and the types of sexual dimorphism of
wing shape change from species to species [1, p. 515].
For example, it is found that Argyra Macquart, 1834
males perform a mating dance in front of females [2,
p. 11], and Poecilobothrus nobilitatus (Linnaeus, 1767)
males exhibit aggressive demonstrations and chases in
rivalry for females [3, p.602]. Although behavioural
traits are considered more evolutionarily labile, they also
often carry a significant phylogenetic signal [4, p. 740; 5,
p. 7]. In some cases, the wing shape variability can be
caused by considerable differences in the body size of

females and males, such as in the Rhaphium appendicu-
latum Zetterstedt, 1849.

A wide variety of sexual dimorphism of the wing
shape suggests intensive selection. Along with tradition-
al morphological and molecular traits, signs of sexual
dimorphism are also a resource for phylogenetic con-
structions, although such studies are much rare. Thus, a
phylogenetic signal in the sexual dimorphism of the
wing shape is evident among the Drosophila Fallén,
1823 species [6, p. 110]. And what is interesting is the
phylogenetic reconstruction of the development of elonga-
ted ocelli among males in the family Diopsidae [7, p. 1373].

On the other hand, similar manifestations of sexual
dimorphism often occur among non-closely related spe-
cies. Examples include the formation of an elongated
exoskeleton among cheese flies and nereid [8, p. 602],
wing spots among fruit flies [9, p. 322], and protrusion
and distention on the legs and other body parts among
the Diptera of various families [10, p. 143]. Therefore,
we can expect that some genetic factors play an essential
role in forming a specific pattern of sexual dimorphism,
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which results in a more pronounced convergence in the
morphological characters of nonrelated species than can
be explained from a functional point of view.

The analysis of molecular data, together with the
sexual dimorphism characters of wing shape, will allow us
to consider evolutionary trends of sexual dimorphism, re-
construct ancestral forms, and possibly clarify some con-
troversial points of the phylogenetic tree Dolichopodidae.
In the current study, we have analyzed the phylogenetic
signal of sexual dimorphism in the wing shape to reveal
patterns of distribution between subfamilies and genera.

Materials and methods

In total, 5874 specimens of wing of 57 species of
17 genera belonging to 9 subfamilies were studied (table 1).
We used individuals that we collected during 2013-2021
as well as those from the collection of the Department of
Ecology and Systematics of Invertebrates, Voronezh
State University (Voronezh, Russia).

The analyzed molecular matrix included molecular
sequences of the mitochondrial gene encoding cyto-
chrome ¢ oxidase (COI) (810 characters). The study in-
cluded both sequences previously deposited in GenBank
(GenBank, 2021) and sequences carried out especially
for this study by the Sintol Enterprise (Russia). In total
molecular sequences of 57 species were studied. Ampli-
fication and sequencing were performed using the meth-
ods and primers described in previous studies [12,
p. 455; 14, p. 605]. The sequences were aligned manual-
ly using BioEdit multiple alignment software [17]. Phy-
logenetic reconstruction was carried out using the mini-
mum evolution method (ME) in MEGA software [18].
Reliability of inner branches was estimated by the boot-
strap method based on 1000 pseudoreplicates.

Wings were digitized at 9 landmarks (fig. 1). Each land-
mark has been digitized using TpsDig-2.32 software [19].

For comparing overall wing size among different
populations we used the isometric estimator known as
centroid size, which is defined as the square root of the
sum of the squared distances between the center of the
configuration of landmarks and each separate landmark
[20, p. 56]. Shape variables were obtained through the
Generalized Procrustes Analysis [20, p. 106]. Then, the
analysis was carried out using the methods of multivari-
ate statistical analysis in MorpholJ software [21].

The canonical variate analysis was used to determine
the most important differences between sexes, and the
obtained canonical coefficients for each landmark were
used in the further analysis. To construct a dendrogram
demonstrating the similarity of patterns of wing shape
sexual dimorphism, the unweighted pair group method
with arithmetic mean was used. The reliability of inter-
nal branching was assessed using bootstrap analysis with
1000 replicas. The statistical significance of pairwise dif-
ferences in mean shapes of males and females was ana-
lyzed using permutation tests (10 000 rounds) with Pro-
crustes distances (PD) [21]. The allometric component of
sexual shape dimorphism was estimated by a regression
of wing shape on centroid size. Allometric regression
lines among females and males were assumed to be par-
allel. The allometric component of sexual shape dimor-
phism was the shape change predicted by the size differ-
ence between sexes, and the non-allometric component
was the difference between this and the total sexual
shape dimorphism [6, p. 8].

The phylogenetic signal of wing sexual dimorphism
was assessed in two ways. First, the phylogenetic tree
(fig. 2) was superimposed on the space of shape variation,
and then the hypothesis that the phylogenetic signal was
absent was tested using a permutation test with 10 000 in-
tegrations. The main components of the shape variability
were substituted into the nodes of the phylogenetic tree.
The p-value was calculated as the fraction of permuta-
tions that lead to the length of the tree, which is equal to
or less than that observed for the original data [6, p. 9].

Secondly, as a measure of phylogenetic signal of legs
morphometric characters, we used Pagel’s lambda (A)
[22] and Blomberg K-statistic [23]. To calculate Pagel’s
lambda, the phylosyg function phytools package [24] was
used in R environment [24]. Blomberg K-statistic also
takes values from zero to one, but if the phylogenetic
signal is very high, then K-statistic can rise over one. To
calculate Blomberg K-statistic, the Kkalk function pican-
te package was used in R environment [25]. For testing
purpose, the indications of differences of the metric from
0, a p-value was obtained by randomizing the trait data
1000 times.

Table 1 — Studied species

. Number of specimens GenBank Accession No.
Ne Species
males | females [11]
Diaphorinae

1| Argyra diaphana (Fabricius, 1775) 22 37 DQ456884.1:

2 | Argyra leucocephala (Meigen, 1824) 15 18 DQ456883.1-

3| Chrysotus cilipes Meigen, 1824 16 24 DQ456901.1»

4| Chrysotus neglectus (Wiedemann, 1817) 10 16 DQ456893.1-

5 | Chrysotus suavis Loew, 1857 19 31 DQ456900.1-

Dolichopodinae

6 | Dolichopus acuticornis Wiedemann, 1817 14 36 EU847538.1°

7 | Dolichopus arbustorum Stannius, 1831 24 20 0OK335810.1*

8 | Dolichopus argyrotarsis Wahlberg, 1850 34 22 OK335811.1*

9 | Dolichopus austriacus Parent, 1927 17 9 0OK340619.1*
10| Dolichopus brevipennis Meigen, 1824 18 17 AY744186.1¢
11| Dolichopus campestris Meigen, 1824 19 39 AY744212.1¢
12| Dolichopus cilifemoratus Macquart, 1827 35 97 AY958243.1¢
13| Dolichopus claviger Stannius, 1831 20 14 AY744206.1¢
14 | Dolichopus discifer Stannius, 1831 41 13 AY744208.1¢
15 | Dolichopus jacutensis Stackelberg, 1929 5 2 0OK336092.1*
16 | Dolichopus kjari Stackelberg, 1929 7 2 0OK340624.1*
17 | Dolichopus latilimbatus Macquart, 1827 86 77 AY744200.1°
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. Number of specimens GenBank Accession No.
Ne Species
males females [11]
18| Dolichopus lepidus Staeger, 1842 48 36 AY744202.1°
19 | Dolichopus linearis Meigen, 1824 19 28 AY958239.1b
20 | Dolichopus lineatocornis Zetterstedt, 1843 24 12 0OK340614.1*
21 | Dolichopus longicornis Stannius, 1831 82 36 AY958240.1¢
22 | Dolichopus longitarsis Stannius, 1831 95 110 OK336131.1*
23 | Dolichopus meigeni Loew, 1857 12 3 0OK491386.1*
24 | Dolichopus migrans Zetterstedt, 1843 36 30 OK446551.1*
25 | Dolichopus nataliae Stackelberg, 1930 4 3 0OK340621.1*
26 | Dolichopus pennatus Meigen, 1824 41 40 0OK446503.1*
27 | Dolichopus plumipes (Scopoli, 1763) 46 44 EU847548.1¢
28 | Dolichopus popularis Wiedemann, 1817 9 19 AY744190.1¢
29 | Dolichopus remipes Wahlberg, 1839 13 27 0K446520.1*
30| Dolichopus ringdahli Stackelberg, 1930 74 49 0OK491385.1*
31 | Dolichopus simplex Meigen, 1824 41 42 AY744203.1¢
32 | Dolichopus ungulatus (Linnaeus, 1758) 201 112 EU847559.1¢
33 | Ethiromyia chalybea (Wiedemann, 1817) 16 10 OM572508*
34 | Gymnopternus aerosus (Fallen, 1823) 76 51 AY744194.1¢
35 | Gymnopternus celer (Meigen, 1824) 35 24 EU847565.1°
36 | Gymnopternus metallicus (Stannius, 1831) 102 174 AY744197.1¢
37 | Hercostomus convergens (Loew, 1857) 114 143 0OKb561854.1*
38 | Hercostomus nigriplantis (Stannius, 1831) 220 125 EU847574.1b
39| Poecilobothrus chrysozygos (Wiedemann, 1817) 140 37 DQ456948.12
40| Poecilobothrus regalis (Meigen, 1824) 450 344 EU847580.1°
41| Sybistroma binodicornis Stackelberg, 1941 118 44 0OL457145.1*
42 | Sybistroma crinipes Staeger, 1842 43 44 EU847581.1°
43| Sybistroma obscurella (Fallen, 1823) 30 30 DQ456918.12
Hydrophorinae

44 | Hydrophorus borealis Loew, 1857 10 16 DQ456916.12
45 | Hydrophorus praecox (Lehmann, 1822) 26 36 DQ456940.12

Medeterinae
46 | Medetera jacula (Fallen, 1823) 8 9 DQ456928.12
47 | Medetera truncorum Meigen, 1824 10 6 JF716349.1¢

Neurigoninae
48 | Neurigona pallida (Fallen, 1823) 30 45 HQ449154.1¢
49 | Neurigona quadrifasciata (Fabricius, 1781) 16 23 DQ456911.12

Rhaphiinae
50 | Rhaphium appendiculatum Zetterstedt, 1849 36 33 DQ456886.12
51 | Rhaphium commune (Meigen, 1824) 18 28 DQ456889.12

Sciapodinae
52 | Siapus platypterus (Fabricius, 1805) 18 64 DQ456905.12
53 | Siapus wiedemanni (Fallen, 1823) 43 44 DQ456950.12

Sympycninae
54 | Campsicnemus scambus (Fallen, 1823) 179 235 DQ456904.12
55 | Syntornom pallipes (Fabricius, 1794) 31 50 DQ456944.12
56 | Sympycnus pulicarius (Fallen, 1823) 114 130 DQ456931.12

Xanthochlorinae

57 | Xanthochlorus ornatus (Haliday, 1832) | 26 | 8 | HQ449168.1¢

tained by the authors of this study.

Note. » — [12, p. 468], b — [13, p. 243], < — [14, p. 604], ¢ — [15, p. 665], ¢ — [16, p. 314] * — sequences were ob-

Figure 1 — Wing and landmarks positions
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Figure 2 — ME tree, obtained from COI sequences.
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Results

The ANOVA demonstrated that the following factors
had a significant effect on sexual dimorphism of wing
size: «subfamilies x sex» (F=3,5; df =8; P =0,0005);
«genera x sex» (F = 17,5; df = 16; P < 0,0001) and «spe-
cies x sex» (F=12,0; df =56; P <0,0001). This means
that significant differences are observed in the sexual
dimorphism of wing size between subfamilies, between
genera and between species. Moreover, in 44 cases out
of 57, the females wing size exceeded the males wing
size. Among the species Argyra, Chrysotus, Neurigona,
Rhaphium, Sympycnus, Syntormon, and Xanthochlorus,
female wings were larger than those of males. Among
other species, both situations were encountered.

The smallest sexual difference in size was observed
in the species Campsicnemus scambus, the largest in the
species Hydr. borealis, Rh. commune and Dol. argy-
rotarsus (female wings are larger than male wings), as
well as Syb. crinipes (male wings are larger than female
wings). Among the subfamilies, the largest variation of
the difference in wing sizes was characteristic of the
Dolichopodinae, the smallest mean value was observed
in the subfamilies Medeterinae and Sciapodinae, and the
largest in Rhaphiinae.

Differences in sexual dimorphism of wing shape we-
re also significant between subfamilies (Wilks® Lamb-
da=0,82; F =20,3; df = 112, 81806,51; P < 0,0001), be-
tween genera (Wilks’ Lambda = 0,39; F = 51,5; df = 224,
123435,8; P <0,0001) and between species (Wilks’
Lambda = 0,07; F =42,9; df = 784, 157298,4; P < 0,0001).

The most pronounced sexual dimorphism in the form
of a wing was observed among the species Xanth. or-
natus (PD =0,107; P<0,0001) and Arg. diaphana
(PD =0,117; P <0,0001), the least pronounced among
Gymn. aerosus (PD = 0,006; P < 0,02) and Herc. conver-
gens (PD =0,006; P <0,001). Of the subfamilies, the
largest variation in PD values was characteristic of Sympy-
cninae, the smallest average PD value was observed in the
subfamilies Medeterinae, Hydrophorinae, and Rhaphii-
nae, while the largest in Sympycninae and Sciapodinae.

The differences in the sexual dimorphism of wing
shape most often consisted in the displacement of Land-
marks 3 and 4 along the x-axis, as well as Landmarks 5
along the y-axis, which, in the general case, led to the
formation of a more elongated wing with a sharp apex
among males and a more rounded wing with a blunt apex
—among females.

According to the UPGMA-dendrogram, built on the
basis of the canonical coefficients of sexual dimorphism,
the most similarity in the sexual dimorphism of the wing
shape was shown not always by phylogenetically related
species. A similar shape dimorphism has been shown for
the following species: Dol. longitarsis and Dol. ungulatus
(bootstrap index BS = 78), Dol. austriacus and Dol. lin-
eaticornis (BS = 50), Dol. acuticornis and Gymn. aero-
sus (BS =53), Syb. binodicornis and Sc. platypterus
(BS =67), Arg. leucocephala and Xanth. ornatus (BS = 54).
The sexual dimorphism of the wing shape of the Me-
detera species was clearly different from the other spe-
cies of the family (fig. 3).
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Figure 3 — Results of UPGMA cluster analysis of the canonical coefficients of sexual dimorphism of dolichopodid
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It should be noted that the allometric component of
sexual dimorphism of the wing shape among most spe-
cies is expressed insignificantly. The greatest percentage
of shape variability associated with the sexual wings size
difference was found among the following species: Syb.
obscurella (40,9%; P <0,0001), Dol. meigeni (37,5%;
P <0,0001), Dol. austriacus (34,6%; P < 0,0001), Dol. kjari
(33,6%; P <0,0001), Arg. diaphana (25,7%; P < 0,0001),
Neur. quadrifasciata (25,7%; P < 0,0001). The species
that showed the largest differences in wing size between
females and males did not show a high percentage of al-
lometric variation in shape.

The length of the consensus tree combining the initial
molecular data and data on the wing shape changes was
0,1082 (in units of squared Procrustes distance) (fig. 4).
The permutation test produced an equal or a longer tree
in most cases (P < 0,0001), thus confirming the presence
of a phylogenetic signal in interspecific variation of sex-
ual dimorphism in the wing shape.

In the Procrustean distance between the wing shapes
of females and males, the minimum phylogenetic signal
was observed: A =0,00007, P=1; K=0,69, P=0,15.
The most significant phylogenetic signal was found for
the canonical coefficients of landmarks X1 (A =0,99,
P =0,05; K=1,19, P=0,003), Y1 (A =0,99, P =0,007;
K=1,31, P=0,004), Y2 (A=0,99, P=0,02; K=1,23,
P =0,005).

Discussion

Most of the studied species of Dolichopodidae
showed a significant sexual dimorphism of wing shape
and/or size, with an insignificant influence of allometry
on shape variability. However, the sexual dimorphism of
wings in the family is heterogeneous: species of one sub-
family showed that the wing size of females exceeds that
of males and vice versa; besides, we can distinguish spe-

cies with significant sexual differences in both wing
shape and size (Arg. diaphana), species with insignifi-
cant sexual differences both in shape and size (Camp.
scambus), and species with significant differences in
wing size and insignificant differences in shape (Rh. com-
mune), and also species with slight sexual differences in
wing size, but high differences in shape (Arg. leuco-
cephala, Eth. chalybea). This means that different spe-
cies are influenced by various selection factors, which
may act together or independently on both sexes.

Studies show that female insects are more often larg-
er than males because of the high correlation between
body size and fecundity [26]. This may explain that in
most cases, the wings of female dolichopodids are larger
than those of males since wing size directly correlates
with body size. This regularity is well documented
among Rhaphium species, where differences in body siz-
es of females and males are maximal. At the same time,
sexual dimorphism of wings is shown in differences of
size, but not of form (Rh. commune), or available differ-
ences in form are partially explained by allometry (Rh.
appendiculatum).

In other cases, when males had larger wing sizes, this
could be explained by other factors, e.g., more signifi-
cant load on males’ wings due to different behavioural
patterns: fights between males, and peculiarities of mat-
ing dance (for example, in Poec. regalis males).

Differences in the wing shape of males and females
differed in each case but more often consisted in the dis-
placement of 3, 4, and 5 landmarks, i.e., the change in
the distal wing part, while the base remains unchanged.
The proximal region of the wing is most susceptible to
changes, both in the case of sexual, interspecies, and in-
traspecies variability [1, p. 695].
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Figure 4 — Changes in the wing shape related to sexual dimorphism mapped onto phylogeny:
the first (29,2%) and second (17,8%) principal components of variation
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Biological
sciences

Regardless of the factors influencing sexual dimor-
phism of wings, our results show that patterns of sexual
dimorphism can differ even in closely related species,
since even species from different subfamilies turned out
to be close in form. This is probably because, in each
species, sexual dimorphism of wing shape and size re-
sults from complex interactions between several factors
of selection that depend on the specific biology, genetic
and ecological features, and ontogenetic history of each
sex.

Although sexual dimorphism of wing shape appears
to be somewhat dependent on common ancestry (the
overall phylogenetic signal of sexual dimorphism was
reliable), the absence of a significant phylogenetic signal
for seven out of nine studied wing points indicates that
sexual dimorphism of shape evolved, at least in part, in
each studied species.

Conclusion

Our study demonstrates that interspecific differences
in the sexual distinction of wing shape in dolichopodids
are most often nonallometric and do not depend on phy-
logenetic relationships between species. These differ-
ences are likely the result of a complex interaction of in-
tra-sex competition and other types of selection acting
with different intensity in each sex and on several inter-
related characteristics, such as body size, wing size, and
shape. Overall, the present study results demonstrate that
the mechanisms responsible for the emergence of sex
differences in wings can form different and complex pat-
terns of sexual dimorphism in the family.

References:

1. Chursina M.A., Negrobov O.P. Phylogenetic signal in
the wing shape in the subfamily Dolichopodinae (Diptera,
Dolichopodidae) // Entomological Review. 2018. Vol. 98.
P. 515-527. DOI: 10,1134/S0013873818050019.

2. Richards O.W. Sexual selection and allied problems
in the insects // Biological Reviews of the Cambridge Philo-
sophical Society. 1927. Vol. 2 (4). P. 298-364. DOI: 10.1111/
j.1469-185X.1927.tb01401.x.

3. Land M.F. The visual control of courtship behaviour in
the fly Poecilobothrus nobilitatus // The Journal of Compara-
tive Physiology. 1933. Vol. 173. P. 595-603. DOI: 10.1007/
BF00197767.

4. Blomberg P.B., Garland T., Ives A.R. Testing for phy-
logenetic signal in comparative data: behavioral traits are
more labile // Evolution. 2003. Vol. 57 (4). P. 717-745. DOI:
10.1111/j.0014-3820.2003.th00285.x.

5. Novakova N., Robovsky J. Behaviour of cranes (family
Gruidae) mirrors their phylogenetic relationships // Avian
Research. 2021. Vol. 12. P. 1-11. DOI: 10.1186/s40657-021-
00275-4.

6. Gidazevski N.A., Baylac M., Klingenberg C.P. Evo-
lution of sexual dimorphism of wing shape in the Drosophi-
la // BMC Evolutionary Biology. 2009. Vol. 9. P. 110-121.
DOI: 10.1186/1471-2148-9-110.

7. Backer R.H., Wilkinson G.S. Phylogenetic analysis of
sexual dimorphism and eye-span allometry in stalk-eyed
flies (Diopsidae) // Evolution. 2001. Vol. 55 (7). P. 1373—
1385. DOI: 10.1111/j.0014-3820.2001.th00659.x.

8. Bonduriansky R. Convergent evolution of sexual sha-
pe dimorphism in Diptera // Journal of Morphology. 2006.
Vol. 267. P. 602-611. DOI: 10.1002/jmor.10426.

9. Sivinski J., Pereira R. Do wing markings in fruit flies
(Diptera: Tephritidae) have sexual significance? // Florida

Entomologist. 2005. Vol. 88 (3). P. 321-324. DOI: 10.1653/
0015-4040(2005)088[0321:DWMIFF]2.0.CO;2.

10. Sivinski J. Ornaments in Diptera // Florida Entomolo-
gist. 1997. Vol. 80 (2). P. 142-164. DOI: 10.2307/3495551.

11. GenBank. National Center for Biotechnology In-
formation [Internet] // https://www.ncbi.nlm.nih.gov.

12. Bernasconi M.V., Pollet M., Ward P.I. Molecular sys-
tematics of Dolichopodidae (Diptera) inferred from COI
and 12S rDNA gene sequences based on European exem-
plars // Invertebrate Systematics. 2007. Vol. 21. P. 453-470.
DOI: 10.1071/1S06043.

13. Germann C., Pollet M., Tanner S., Backeljau T., Ber-
nasconi M.V. Legs of deception: disagreement between mo-
lecular markers and morphology of long-legged flies (Dip-
tera, Dolichopodidae) // Journal of Zoological Systematics
and Evolutionary Research. 2010. Vol. 48 (30). P. 238-247.
DOI: 10.1111/j.1439-0469.2009.00549.x.

14. Bernasconi M.V., Pollet M., Varini-Ooijen M., Ward P.1.
Phylogeny of European Dolichopus and Gymnopternus (Di-
ptera: Dolichopodidae) and the significance of morphologi-
cal characters inferred from molecular data // European
Journal of Entomology. 2007. Vol. 104. P. 601-617. DOI:
10.14411/eje.2007.075.

15. Pollet M., Germann C., Bernasconi M.V. Phylogene-
tic analyses using molecular markers reveal ecological line-
ages in Medetera (Diptera: Dolichopodidae) // Canadian En-
tomologist. 2010. Vol. 143. P. 662—673. DOI: 10.4039/n11-
031.

16. Germann C., Pollet M., Wimmer C., Bernasconi M.V.
Molecular data sheds light on the classification of long-
legged flies (Diptera: Dolichopodidae) // Invertebrate Syste-
matics. 2011. Vol. 25. P. 303-321. DOI: 10.1071/1S11029.

17. Hall T.A. BioEdit: a user-friendly biological sequ-
ence alignment editor and analysis program for Window
95/98/NT // Nucleic Acids Symposium Series. 1999. Vol. 41.
P. 95-98. DOI: 10.14601/Phytopathol_Mediterr-14998u1.29.

18. Kumar S., Stecher G., Li M., Knyaz C., Tamura K.
Mega X: molecular evolutionary genetics analysis across
computing platforms // Molecular Biology and Evolution.
2018. Vol. 35 (6). P. 1547-1549. DOI: 10.1093/molbev/msy096.

19. Rohlf F.J. tpsDig, Digitize Landmarks and Outlines,
Version 2.05. Stony Brook, NY: Department of Ecology
and Evolution, State University of New York [Internet] //
https://www.sbmorphometrics.org/soft-dataacqg.html.

20. Zelditch M.L., Swiderski D.L. Geometric morphomet-
rics for biologists: a primer. London: Elsevier Academic
Press, 2004. 437 p.

21. Klingenberg C.P. MorphoJ: an integrated software
package for geometric morphometrics // Molecular Ecology
Resources. 2011. Vol. 11. P. 353-357. DOI: 10.1111/j.1755-
0998.2010.02924..x.

22. Pagel M. Inferring the historical patterns of biologi-
cal evolution // Nature. 1999. Vol. 401 (6756). P. 677-884.
DOI: 10.1038/44766.

23. Freckleton R.P., Harvey P.H., Pagel M. Phylogenetic
analysis and comparative data: a test and review of eviden-
ce // American Naturalist. 2002. Vol. 160 (6). P. 712-726.
DOI: 10.1086/343873.

24. Revell L.J. Phytools: an R package for phylogenetic
comparative biology (and other things) // Methods in Ecolo-
gy and Evolution. 2012. Vol. 3. P. 217-223. DOI: 10.1111/
j.2041-210X.2011.00169.x.

25. Kembel S.W., Cowan P.D., Helmus M.R., Cornwell W.K_,
Morlon H., Ackerly D.D., Blomberg S.P., Webb C.O. Pi-
cante: R tools for integrating phylogenies and ecology // Bi-
oinformatics. 2010. Vol. 26. P. 1463-1464. DOI: 10.1093/
bioinformatics/btq166.

140

Camapcknit HaygHbsIid BecTHUK. 2022. T. 11, Ne 1



Biological
sciences

Chursina M.A., Maslova O.O.

Variation of sexual dimorphism of the wing shape in the family Dolichopodidae (Diptera)

26. McLachlan A.J. Sexual dimorphism in midges: stra-
tegies for flight in the rain-pool dweller Chironomus imico-
la (Diptera: Chironomidae) // Journal of Animal Ecology.
1986. Vol. 55. P. 261-267. DOI: 10.1007/BF00008145.

The work was funded by RFBR and NSFC accord-
ing to the research project N2 20-54-53005.

Information about the author(-s):

NHpopmaums 06 aBTope(-ax):

Chursina Mariya Aleksandrovna, candidate

of biological sciences, associate professor of Biology

of Animals and Plants Department; Voronezh State
Pedagogical University (Voronezh, Russian Federation).
E-mail: chursina.1988@list.ru.

Maslova Olga Olegovna, candidate of biological
sciences, associate professor of Biology of Animals
and Plants Department; Voronezh State Pedagogical
University (Voronezh, Russian Federation).

E-mail: oom777@yandex.ru.

YypcuHa Mapua AneKkcaHapoBHA, KaHAnAaT
61oNorMyecknx Hayk, AOUEHT Kadeapbl buosormm
YKMBOTHbIX U PacTeHWU; BopoHexcKni
rocy4apCTBEHHbIN NegarorMyeckmii yHuBepcuTeT
(r. BopoHex, Poccuiickas ®eaepauns).

E-mail: chursina.1988@list.ru.

MacnoBa Onbra OneroBHa, KaHAMAAT BUONOTNYECKUX
HayK, OOUEHT Kadeapbl BUONOMUN KUBOTHbBIX

M pacTeHunin; BOpoHEeXXCKMin rocyaapCcTBEHHbIN
negarorMyeckuii yHmeepcuter (r. BopoHesk, Poccuiickan
depepauus). E-mail: oom777 @yandex.ru.

Ona yutuposaHua:

Chursina M.A., Maslova 0.0. Variation of sexual dimorphism of the wing shape in the family Dolichopodidae (Diptera) //
Samara Journal of Science. 2022. Vol. 11, iss 1. P. 134-141. DOI: 10.55355/snv2022111118.

Samara Journal of Science. 2022. Vol. 11, iss. 1

141



