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Abstract. The indicators of the sanitary condition of woody plants in the conditions of natural and artificial eco-
systems of the Voronezh and Saratov Regions were established and analyzed. In suburban ecosystems of the research
area, the state of woody plants is determined at the level of weak damage. In suburban areas of Balashov with the
greatest economic and technosphere potential, woody plants reach an average (moderate) degree of damage. In re-
mote relatively preserved ecosystems (control parameters), the state of these organisms corresponds to a weak eco-
logical diagnostic criterion. According to the identified average arithmetic sanitary indicators in the Voronezh Re-
gion, the best condition is characterized by woody plants in the ecosystems of Novohopersk and Gribanovsky, in the
Saratov Region — in Turki and Samoylovka. There were also significant differences in the arithmetic mean parameters
of the sanitary condition of this group plants representatives differentiated by functional zones. The highest damage val-
ues are typical for woody plants in the urban ecosystems of industrial zones. The maximum danger to woody plants was
observed within these zones in Povorino, Borisoglebsk, and Balashov with high-level average values of damage to
these organisms. Significant concern is also caused by the defeat of the analyzed group of organisms in these cities as
part of the ecosystems of the settlement zones. The results of the assessment of the sanitary condition of woody
plants should be used as a scientific basis for landscaping, environmental protection and reforestation. Measures are
proposed to improve the condition of woody plants in various types of ecosystems in the research area. According to
the sanitary state of these organisms, it is possible to determine the limits of sustainability of ecological frameworks
and differentiate the parameters of environmental comfort for the local population in different territorial categories.
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Abstract. A comparative analysis of 30 species of the Dolichopodidae family in a phylogenetic context was con-
ducted to examine interspecific variation in the legs morphometry. Five relative traits of legs from 12 and seven ab-
solute traits from nine showed significant phylogenetic signal. A set of traits, such as relatively short hind tibia and
relatively long fore and middle tibia and the first segments of the hind legs allowed to allocate Dolichopus species
from the other ones. The projection of the phylogenetic tree of Dolichopus species into the morphospace allowed us
to divide it into four individual areas: not closely related species, but species having similar modifications of males’
legs tended to cluster. This suggests that the legs morphometric traits should be mainly under pressure of sexual se-
lection. It has also been revealed that the elongation of the first segment of hind tarsi in Dolichopus species is associ-
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ated with the distal displacement of the insertion point of dm-m with M4 and the decrease of the length of Rs+s. The

functional significance of these characters set is discussed.

Keywords: Diptera; Dolichopodidae; Dolichopus; legs morphometry; ornaments; phylogenetic signal; morpho-
metric characters; morphological characters; femora; tibia; tarsi; sexual dimorphism; wing shape; modification of
legs; modification of tibia; modification of tarsi; COI gene; phylogeny; phylogenetic tree.

Introduction

Morphometric methods linked with DNA-based mo-
lecular genetic analysis represent a powerful new ap-
proach for taxonomic issues resolving and evolutionary
process study [1, p. 11]. Currently it becomes quite ob-
vious that to reveal evolutionary trends it is necessary to
analyze a wide range of traits and evaluate their phylo-
genetic signal, because morphological similarity does
not necessary mean a common origin, but may be the re-
sult of parallel evolution, especially in functional mor-
phostructures, for example, wings or legs which are de-
veloped under intense selection pressure.

Ornamented legs are commonplace in the Dolichop-
odidae and they, as shown for certain species, can be
used in courtship or in male-male interactions. Such
traits are widely used for taxonomic identification of the
species [2, p. 146] and classification of their functional
significance can be found in the literature [3, p. 145]. For
instance, male Neurigona quadrifasciata (Fabricius,
1781) demonstrates its plumed fore tarsi to female, ap-
proaching from the rear [4, p. 32]. Male Hydrophorus
praecox (Lehmann, 1822) uses spines on femora to keep
riding a female [5, p. 14] Male Dolichopus plumipes
(Scopoli, 1763) uses bilateral feathering first segment of
middle tarsi in courtship as follows. Male approaching
female and vibrating with his wings slowly raises the
middle legs parallel to the abdomen and stretches them
horizontally [6, p. 43]. However, for most species legs
modifications are not well understood yet.

One less explored area is morphometric characters of
legs, although sometimes differences in sizes of legs
segments are used for identification species (for exam-
ple, in the genera Argyra Macquart, 1834, Camp-
sicnemus Haliday, 1851, Tachytrechus Haliday, 1851)
[2, p. 190]. To investigate differences between species in
legs morphometric characters and to indicate evolution-
ary trends a detailed comparative analyses is required.

Species of the genus Dolichopus Latreille, 1796 rep-
resent a suitable model group for morphometric traits
variation study for the following reasons: firstly, accord-
ing to recent studies based on molecular and morpholog-
ical traits, it is a single evolutionary unit [7, p.21; 8,
p. 310], and, secondly, leg modifications in males of this
genus are diverse: there are extensions (for example,
Dolichopus claviger Stannius, 1831 and D. migrans Zet-
terstedt, 1843), plumage of certain legs segments (Doli-
chopus remipes Wahlberg, 1839) or their silver colorings
(Dolichopus argyrotarsus Wahlberg, 1850), sometimes
there are ornamented tibia (Dolichopus lepidus Staeger,
1842), or ornamented tibia combined with a modified
tarsi shape (Dolichopus plumipes (Scopoli, 1763)).

Thus, the purpose of this paper is a comparative
study of the legs morphometric diversity of Dolichop-
odidae species and the estimation of their phylogenetic
signal by molecular phylogeny mapping.

Material and methods

This study is based on 1240 specimens from 21 spe-
cies of the Dolichopus genus. Nine species belonging to
Dolichopodinae, Diaphorinae and Sympycninae subfam-
ilies were chosen as outgroup (table 1). Males of eleven
species from 21 studied ones had obvious leg modifica-

tions. The material was obtained from the collections of
Ecology and Zoology of Invertebrates Department, Vo-
ronezh State University.

The legs were separated from the body, placed on a
microscope slide under a cover slip and photographed
with Levenhuk C310 NG microscope digital camera. To
eliminate digitizing error, all wings were digitized two
times. Measurement repeatability was very high.

Nine traits were measured using Imagel software:
length of fore, middle and hind femora (F1, F2, F3), length
of fore, middle and hind tibia (T1, T2, T3) and length of the
first segment of fore, middle and hind tarsi (tarl, tar2, tar3)
as well. Then twenty relative characters were calculated: the
ratios of fore femora and fore tibia (F1/T1), fore femora
and first segment of fore tarsi (F1/tarl), fore femora and
middle femora (F1/F2), fore femora and hind femora
(F1/F3), fore tibia and the first segment of fore tarsi
(T1/tarl), fore tibia and middle tibia (T1/T2), fore tibia
and hind tibia (T1/T3), middle femora and middle tibia
(F2/T2), middle femora and the first segment of middle
tarsi (F2/tar2), hind femora and hind tibia (F3/T3), hind
femora and the first segment of hind tarsi (F3/tar3).

A multivariate analysis of variance (MANOVA) and
post-hoc Tukey’s test were performed to examine differ-
ences represented among species, sexes, and sides (left
and right legs). All statistical analyses were made with
the Statistica software [9].

Phylogenetic relationships among the species were
derived from an analysis of mitochondrial gene sequenc-
es — the cytochrome oxidase subunit | (COI) gene (810
characters), previously submitted to GenBank [10; 11,
p 455; 12, p. 605]. Suitability of COI gene for resolving
phylogenetic relationships has been repeatedly confirmed
for a wide range of insects’ taxa [13, p. 2; 14, p. 566].

Sequences from GenBank were aligned using Clus-
talW software [15]. The phylogenetic reconstruction was
provided with maximum parsimony analysis in MEGA
software [16]. The significance of the inner branching
pattern was estimated by a bootstrap analysis with 1000
pseudo-replicates.

As a measure of phylogenetic signal of legs mor-
phometric characters, we used Pagel’s lambda (A) [17,
p. 680]. A Pagel’s lambda value close to 1 indicates the
presence of an explicit phylogenetic signal, while a value
closer to 0 indicates the absence of a phylogenetic signal
of the trait [18, p. 714]. To calculate Pagel’s lambda, the
picante package [19] was used in R environment [20].
For testing purpose the indications of differences of the
metric from 0, a p-value was obtained by randomizing
the trait data 999 times. The P value was calculated as
the proportion of cases the value of A for randomized
trait data exceeded the real data meanings [21].

Principle Component Analysis (PCA) was performed
on the legs morphometric traits to detect and to describe
the differences among taxa. The Pearson correlation co-
efficient was applied to reveal a set of interdependent
characters. For this objective, the dataset of Procrustes
Coordinates, describing the wing shape of Dolichopodi-
dae species and obtained using geometric morphometrics
methods (more detailed described in [22]) was used. The
nomenclature of wing venation carried out as per
Grichanov and Brooks [23, p. 1288].
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Table 1 - Studied species

Ne Species Specimens Males ornamented legs
1 | Dolichopus acuticornis Wiedemann, 1817 20 43,46 92 |without modification
2 | Dolichopus arbustorum Zetterstedt, 1843 20 44, 20 29 |without modification
3 | Dolichopus argyrotarsis Wahlberg, 1850 1233,2 99 Sh@e?;hviﬁ?{gegﬁzt?{&n éﬂ?gfgt:‘ésus
4 | Dolichopus brevipennis Meigen, 1824 18 34, 16 229 | 5th segments of fore tarsus enlarged
5 | Dolichopus campestris Meigen, 1824 22 33,24 22 |without modification
6 | Dolichopus cilifemoratus Macquart, 1827 30343,3299 zg%r;irét?’vci)tfhfg{gctfaerguhsaﬁ:rusrved,
7 | Dolichopus claviger Stannius, 1831 20 44,16 22 |5th segments of fore tarsus enlarged
8 | Dolichopus discifer Stannius, 1831 18 34, 14 22 | 5th segments of fore tarsus enlarged
9 | Dolichopus latilimbatus Macquart, 1827 50 44, 46 22 |without modification
10 | Dolichopus lepidus Staeger, 1842 50 44, 41 22 |hind tibia thickened
11| Dolichopus linearis Meigen, 1824 24 33,20 22 |without modification
12 | Dolichopus longicornis Stannius, 1831 32 44,52 22 |without modification
13| Dolichopus longitarsis Stannius, 1831 50 &, 79 22 |hind tibia thickened
14 | Dolichopus meigeni Loew, 1857 12 23,2 29 |without modification
15 | Dolichopus migrans Zetterstedt, 1843 18 34, 20 Q9 |5th segments of fore tarsus enlarged
16 | Dolichopus pennatus Meigen, 1824 50 43,38 Q9 éfltjrﬁaﬂg,Sg»?th?ﬁssg;méﬂgslesitﬁ,r:?;_c\%géy
17| Dolichopus plumipes (Scopoli, 1763) 54 33,14 Q9 2?‘Ir%?(lj%:ébtl:r;?IrTa?(rj]I(illpsltuiiggem
18 | Dolichopus remipes Wahlberg, 1839 6 33,30 99 |3rd and 4th segments of hind tarsi plumate
19 | Dolichopus ringdahli Stackelberg, 1930 36 44,14 Q2 |without modification
20| Dolichopus simplex Meigen, 1824 40 £, 40 22 | without modification
21| Dolichopus ungulatus (Linnaeus, 1758) 50 &3, 42 22 | without modification
Outgroup
22 | Poecilobothrus chrysozygos (Wiedemann, 1817) | 28 33,4 @9 ﬁiﬁzxﬂiiggngts of fore tarsus
23| Poecilobothrus regalis (Meigen, 1824) 24 33,50 22 |without modification
24 | Ethiromyia chalybea (Wiedemann, 1817) 10 84,4 22 | without modification
25 | Sybistroma binodicornis Stackelberg, 1941 14 38,46 2Q |without modification
26 | Sybistroma crinipes Staeger, 1842 20 44, 20 99 |without modification
27 | Argyra diaphana (Fabricius, 1775) 22 24,40 Q9 |without modification
28| Argyra leucocephala (Meigen, 1824) 11 24, 16 22 |without modification
29| Chrysotus cilipes Meigen, 1824 6 33,54 92 | without modification
30 | Sympycnus pulicarius (Fallen, 1823) 50 44, 110 22 | without modification

Results

Results of MANOVA indicated legs morphometric
traits significant differences among species (table 2), but
not between sides. Sexes showed significantly lower dif-
ferences in legs morphometry in comparisons with spe-
cies. The most significant effect of «speciesxsex» inter-
action suggests that there should be differences in the
patterns of sexual dimorphism among species. The The
results of post-hoc Tukey’s test indicate that the differ-
ence between the largest numbers of species are observed
in the following relative traits: Fl/tarl, T1/tarl, F2/T2.
The lowest degree of variation was observed in F1/F2.

Five relative traits from 12 ones showed a high phy-
logenetic signal, both males and females (table 3). Length
of the first segments of fore and middle tarsi indicates the
lowest phylogenetic signal for any studied traits.

Based on PCA results, performed on morphometric
data, the position of all species in the morphospace
mainly was determined by the two of the first principle
components, accounted more than 98% of the total vari-
ance. The first principle component (PC1), explaining
the most proportion of variance (85,83%), was associat-
ed with changes in the length of T3, T2, and T1. The
second principal component (PC2), representing 12% of
total variation, reflects changes in the length of tar3.

The mapping of the phylogenetic tree into the mor-
phospace indicated that along PC1 species tended to di-

vide into two clusters: Dolichopus species (specimens
with shortened T3 and elongated T1 and T2), that were
clustered together in the area of negative values of PC1,
and the outgroup species (specimens with elongated T3
and shortened T1 and T2). The PC2 axis described a var-
iation from a relatively short tar3 to a little long one (from
Poecilobothrus regalis to Dolichopus claviger) (fig. 1).

Only one relative trait was found with a statistically
significant amount of phylogenetic signal in the leg mor-
phology of Dolichopus species (without outgroup) —
T1/T2 (A =0,755, P = 0,07). In this case, PCA also indi-
cated the fact most legs variation was concentrated in
two dimensions. The PC1 and PC2 are calculated for
about 84% of total variance. The PC1 explained 65,89%
of the total variations and described a variation from
Dolichopus claviger (species with elongated tar3 and
shorter T1) to Dolichopus plumipes and D. linearis (spe-
cies with shorted tar3 and elongated T1). The PC2 ex-
plained 19% of the total variations and associated with
separation among species with shorted T2 length (Doli-
chopus longicornis) and with elongated T2 ones (D. plu-
mipes) (fig. 2). A permutation test for the hypothesis of
phylogenetic signal absence as for the legs morphomet-
ric data indicates the probability of finding a shorter tree
on level P < 0,0001, which demonstrates the presence of
a significant phylogenetic signal in the studied traits.
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As for legs morphology, the projection of the phy-
logeny into the morphospace of Dolichopus species
showed a possibility to identify it for individual areas.
The first area, located in the upper right corner, present-
ed males with enlarged or plumage segments of middle
legs (Dolichopus plumipes, D. pennatus and D. argyro-
tarsis). The second area is located in the morphospace in
the zone of negative PC1 values, it is characterized by

the largest spread. It includes the species, the males of
which have modified segments of the forelegs (Doli-
chopus brevipennis, D. discifer, D. claviger and D. cili-
femoratus). The third area positioned in the central part of
the diagram presented species with modifications of the
hind legs (Dolichopus lepidus, D. longitarsis u D. remi-
pes). The species with long apicoventral bristle on fore
tibia tended to be clustered in the lower right corner.

Table 2 — The results of MANOVA of 12 relative legs morphometric traits for 30 dolichopodid species

Effect Wilk’s lambda F Effect df Error df P
Species 0,0001 59,0 336 15653 <0,00001
Sex 0,6866 10,7 12 1439 0,001
Speciesxsex 0,0598 13,7 324 15257 <0,00001
Side 0,9934 1 12 1410 0,67

Table 3 - Pagel’s lambda value and P values, calculated from 999 randomizations, of twenty relative and nine ab-
solute traits of legs morphometry in 27 Dolichopodidae species

Trait Both sexes Female Male
A P A P A P

F1/T1* 0,999 0,0004 0,999 0,0540 0,999 0,0010
Fl/tarl 0,044 1,0000 0,674 0,5460 0,044 1,0000
F1/F2 0,802 0,4700 0,525 0,2860 0,044 1,0000
F1/F3* 0,736 0,0002 0,667 0,0003 0,740 0,0010
Tl/tarl 0,270 0,3900 0,925 0,0970 0,044 1,0000
T1/T2* 0,937 0,0210 0,967 0,0540 0,920 0,0170
T1/T3* 0,772 0,0001 0,789 0,0510 0,705 0,0001
F2/T2 0,044 1,0000 0,044 1,0000 0,330 0,8070
F2/tar2 0,051 1,0000 0,041 1,0000 0,044 1,0000
T2/tar2 0,047 1,0000 0,210 0,7600 0,033 1,0000
F3/T3 0,044 1,0000 0,044 1,0000 0,044 1,0000
F3/tar3* 0,999 0,0030 0,999 0,0009 0,999 0,0040
F1* 0,999 0,0045 0,999 0,0128 0,999 0,0168
T1* 0,999 0,0020 0,999 0,0041 0,999 0,0135
tarl 0,044 1,0000 0,999 0,2445 0,044 1,0000
F2* 0,999 0,0030 0,999 0,0089 0,999 0,0183
T2* 0,994 0,0070 0,999 0,0086 0,982 0,0454
tar2 0,651 0,3130 0,635 0,2426 0,192 0,7386
F3* 0,999 0,0250 0,999 0,1041 0,999 0,0806
T3* 0,999 0,0414 0,999 0,0619 0,999 0,1041
tar3* 0,999 0,0003 0,999 0,0601 0,999 0,0017

Note. 2 — Pagel’s lambda, P — P-value. Asterisks (*) mark traits showed statistically significant phylogenetic signal.
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Figure 1 — Mapping of the legs morphometric trait variation of 30 Dolichopodidae species on the phylogenetic tree
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Figure 2 — Displacement of 18 Dolichopus species in the morphospace of the first two principal components
of legs morphometric variation. For each species, modified segments of the legs of males are marked:
tar1 — modification of fore tarsi, tar2— modification of middle tarsi, 73— modification of hind tibia,
tar3 — madification of hind tarsi; +av— a long apicoventral bristle on males’ fore tibia

Spearman rank correlation coefficient (between legs
morphometric traits and Procrustes coordinated of nine
landmarks among 27 Dolichopodidae species) indicates
a strong link between the length of tar3 with the displace-
ment of the insertion point of dm-m with My (s =-0,59,
P <0,05) and lengths of tar3 and Rs:s (rs=-0,65,
P <0,05). Spearman rank correlation coefficient also
demonstrates a moderate relationship level between the
length of T1 and the presence of the long apicoventral
bristle (rs = 0,58, P < 0,05).

Discussion

The recent studies of morphologic characters of in-
sects are focused on the wing shape as follow: discrimi-
nation of cryptic species [24-26], evaluation of devel-
opmental instability [27; 28], identification of both geo-
graphical and ecological variation [29-31] and evolu-
tionary transitions [32]; so there are not many kinds of
research on legs morphometry field.

As an example, a comparative analysis of morpho-
metric characters of two dipteral species indicates that
change patterns in the body shape associated with sexual
dimorphism had a similar character for two non-closely
related species (Prochyliza xanthostoma and Telostylinus
angusticollis). The elongation of antennae and legs was
associated with a decrease of head width and wing
length, but the functional significance of these relation-
ships remains uncertain [33, p. 609]. Moreover, based on
the study of Titmus and Badcock [34, p. 535], the anteri-
or segment of the tarsi became shorter in individuals
Benthalia carbonaria (Meigen, 1804) (Chironomidae)
infected by parasitic nematodes of the Mermitid family.

We have already tried to find a diagnostic signifi-
cance of legs morphometric characters [35]; however,
the present study is the first of the kind with a compara-

tive analysis of variations in legs morphometric traits
with the phyletic relationships between species. Our data
indicate that several legs morphometric traits tend to
have high phylogenetic signal.

A set of traits, such as relatively short hind tibia and
relatively long fore and middle tibia and the first seg-
ments of the hind legs, allowed to allocate Dolichopus
species from the outgroup ones. A clear sign of Doli-
chopus species is consistent with the molecular data in-
dicating the genus as a monophyletic group as well as an
independent evolutionary unit [8, p. 310].

It has also been revealed that the elongation of the
first segment of hind tarsi in Dolichopus species is asso-
ciated with the distal displacement of the insertion point
of dm-m with M4 and the decrease of the length of Rs.s.
The functional hypothesis forwarded to explain the rela-
tionship of these traits should be ground on further re-
searches of the wing shape variability in the family.

The position of the insertion point of dm-m with M
indicates the most variance among dolichopodid species.
This fact may prove the importance of its position for
certain flight characteristics of the wing to be created.
Furthermore, there are no significant differences in the
position of the R4+s apex among the representatives of
the family [22, p. 697]. In addition, it is obvious that the
increase of the length of the first segment of hind tarsi in
Dolichopus species is combined with the presence of one
or more strong dorsal setae on it. The last character is no
more found inside the family Dolichopodidae, except for
some species, for example, Poecilobothrus regalis (Mei-
gen, 1824).

As for field observations, dolichoidid flies use hind
tarsi to clean the wings’ membranes. The shortening of
hind tibia (in combination with the elongation of the first
segment of hind tarsi and the appearance of strong dorsal
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bristles on it) may be some adaptation for more efficient
wing cleaning and for improved flight characteristics as
well.

The elongation of fore tibia in some species of Doli-
chopus (D. latilimbatus, D. linearis, D. longicornis) cor-
related with the presence of a long apicoventral bristle.
This fact was demonstrated by the Spearman’s rank cor-
relation coefficient and greater proximity of these spe-
cies in the morphospace. However, it is difficult to say
about the functional purpose of this combination of traits
at this stage; further research on the behavioral traits as-
sociated with this bristle of dolichopodid flies is needed
for it.

A significant interspecific variation in legs mor-
phometry of Dolichopus species was demonstrated with
the PCA and indicate a variation of the lengths of the
first segment of hind legs and the middle and hind tibia.
Dolichopus claviger and D. plumipes keep extreme posi-
tions in morphospace. The males of these species are
characterized by obvious leg modifications: the thin
middle tibia and the densely feathered first segment of
the middle tarsi of Dolichopus plumipes and an enlarged
black fifth segment of fore tarsi of Dolichopus claviger.
Species with the males without obvious modifications of
the legs have an isolated location in the morphospace.

Having considered the distribution of species, we
conclude that the similarity of legs morphology in stud-
ied Dolichopus species is not always the result of com-
mon origin. Dolichopus longicornis and D. acuticornis is
the only example in our study — closely related species
were close to each other in the morphospace. In other
cases, the distribution of species leads to the conclusion
for morphometric similarity caused by a similar pressure
of selection. This is confirmed by the selection on the
plot of clusters with not closely related species, but with
species having similar modifications of males’ legs.
Whereas, clusters allocated on the basis of molecular da-
ta are both monomorphic and dimorphic species (for in-
stance, Dolichopus plumipes and D. simplex, D. brevi-
pennis and D. ungulatus).

The most parsimonic phylogenetic tree indicates that
the monomorphism is a plesiomorphic state for the fami-
ly, as well as the presence of several parallel episodes of
the occurrence of similar leg modifications (for example,
the appearance of the enlarged fifth segment of fore tarsi
in Dolichopus claviger and D. discifer). The total mor-
phometry of the legs seems to be depended on the modi-
fications of the males’ legs as it was documented that
some Dolichopus male species used modified legs to at-
tract females and compete for their attention with other
males [6, p. 43], it should be concluded that the legs
morphometric traits are mainly under pressure of sexual
selection.
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Yypcuna Mapusi AnekcaHAPOBHA, KaHIUIAT OHOIOTUYIECKHUX HAYK,
cTapImii pernoaaBaresb Kadeapbl OHOJIOTUH PACTEHUI U KUBOTHBIX
Boponesiccruii 2ocyoapcmeennviii nedacocuueckuil ynusepcumem (2. Boponeac, Poccutickas @edepayust)
Herpo6os Ouer I1aBioBuY, TOKTOp OHOJIOTHYECKHAX HAYK,
npodeccop Kadeaphl IKOIOTHH M CHCTEMATHKH O€CII03BOHOYHBIX JKUBOTHBIX
Boponesicckuii 2ocyoapecmeennviil ynusepcumem (2. Boponeoie, Poccuiickas ®edepayus)

Annomayust. J171st OLIEHKH MEXBHIOBON M3MEHUYHBOCTH MOP(POMETPUUECKUX IIPHU3HAKOB HOT ObLI MPOBEIEH CpaB-
HuTeNbHBIN ananu3 30 BumoB u3 cemeiictea Dolichopodidae ¢ yuérom ux ¢unorenuun. ITsTh U3 ABEHAIIATH OTHOCH-
TENBHBIX MPU3HAKOB HOT M CEMb U3 AEBATH a0COJIOTHBIX HMPOJEMOHCTPHPOBAIN CTaTHCTHYECKH 3HAUNMBIH (uiore-
HETHYECKUI CUTHAJ. BBUT BBIIENCH KOMIUIEKC MPU3HAKOB, KOTOPBIH MO3BOJISET OTACHUTH BUabl Dolichopus ot Bumos
BHEIIHEH TPYIIBI: 3TO OTHOCHTENHLHO KOPOTKHUE 33 {HHE TOJICHH U OTHOCHTEIILHO JJIMHHBIE TIEPEHUE U CPEIHUE TO-
JIeHH, a TaKkXKe y/UTHHEHHBIN TepBBIi WieHWK 3amHel manku. [Ipoekims ¢umoreHeTndeckoro aepesa Bumos Doli-
chopus Ha MOpdOMPOCTPaHCTBO MO3BOJIMIIA Pa3ACIUTh €0 Ha YeThIpe 00IacTH: ObUIN KIaCTEPU30BaHBI HE OJIHU3KO-
POJCTBEHHbIE BUJIbI, & BH/Ibl, UMEIOIINE CXOJHbIE MOAM(DUKAINN HOT CAMIOB. DTO TOBOPUT O TOM, YTO MOpP(oMeT-
pHUYecKre TPU3HAKA HOT' B OCHOBHOM HaXOJSITCSl MOJ JIaBJICHHEM I0JIOBOTro oTOopa. Takxke ObLIO BBISBIEHO, YTO
yIUTHHEHHE TIEPBOTO CErMEHTa 3aHUX JIAaoK y BHA0B Dolichopus cBsi3aHO ¢ IHMCTANBHBIM CMEIICHHEM TOYKH CIIHS-
aust dM-m ¢ Ms 1 yMeHbIeHHeM IHHBI R4+5. O6Cy)maercs QyHKIMOHATBHOE 3HAYEHHE ATOTO COUCTAHMS TPH3HA-
KOB.

Knmouesvie crosa: Diptera; Dolichopodidae; Dolichopus; mopdomeTpust HOr; ykpalueHus:; (HHIOreHeTHISCKHI
CUTHAI; MOp(HOMETPUIECKUE TPU3HAKH; MOP(OJIOTHIECKUE PU3HAKY, O&pa; TOJICHH; JIATIKH; TTOJIOBOH JUMOPHU3M;
(dhopma KpbuIa; MOTU(HUKAIMK HOT; MOAMpHKanuu roneHei; moaudukanuu ganok; COIl rew; ¢pumorenus; Gpuaorene-
THYECKOE JCPEBO.
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