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Abstract Ant communities occurring in seminatural woodlots o f the Vistula escarpment in Warsaw were 
studied. This area is a potential site o f  a linden-oak-hornbeam forest (Tilio-Carpine turn). The species 
com position, community structure, and zoogeographical and ecological profile o f  myrmecofauna were 
determined. The myrmecofauna o f the escarpment was compared with the myrmecofauna typical o f  the 
managed urban green o f  Warsaw and with the myrmecofauna typical o f  natural linden-oak-hornbeam  
forests o f the M azovian Lowland. Ants on the escarpment were caught on 11 plots in 1976-1977 using 
Barber pitfall traps. The analysed material consists o f  about 4000 individuals representing 18 species.

Introduction

This is a successive paper of the series concerned with the fauna of seminatural 
woods o f the Vistula escarpment in Warsaw. The earlier papers analyse soil 
Elateridae ( N o w a k o w s k i  1979), Carabidae ( C z e c h o w s k i  1980a), terrestrial Isopoda 
( J ę d r y c z k o w s k i  1980), Aranei ( K r z y ż a n o w s k a  1982), and the epigean fauna in 
general ( C z e c h o w s k i  1979, 1981). Materials on Chilopoda, Diplopoda, and Opiliones 
are waiting for analysis. Faunal studies of the escarpment are complementary to the 
comprehensive zoocoenological studies that have been carried out by the Institute of 
Zoology, PAS in urban green habitats of Warsaw ( C z e c h o w s k i  1986, 1989).

Ants of urban and semiurban habitats of Warsaw have been characterized in 
several publications ( B a n a s z a k  et al. 1978, C z e c h o w s k i  1980b, C z e c h o w s k i  in 
B a ń k o w s k a  et al. 1985, P is a r s k i  1981, 1982) and contributions to conferences 
( P i s a r s k i ,  C z e c h o w s k i  1978, 1986, C z e c h o w s k i  et al. 1979, V e p s a l a i n e n ,  P i s a r s k i  

1982, 1986a, b). The main paper on this subject, concerned with the species 
composition and structure of ant communities in typical habitats of the managed 
urban green (lawns) is in preparation.
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Study area

The escarpment, which is an edge o f  the erosive valley o f  the Vistula river, crosses Warsaw 
north-westward (Fig. 1). It mostly consists o f  loamy and sandy soils, rather fertile in places. Like most o f  
the area o f Warsaw ( M a t u s z k ie w ic z  1981 ), the escarpment is the potential site o f  a lin- 
den-oak-hom beam  forest ( Tilio-Carpinetum). Primarily, it was covered with such a forest, and it 
separated the forests o f  this type located on the upper terrace o f the valley from alder-ash woods o f the 
lower terrace. Now, when forests are replaced by built-up areas, the escarpment (also largely deforested) 
forms a corridor between two forests complexes that remained at the opposite sides o f  the city: Kabacki 
Forest (south-eastern edge) and Bielański Forest (north-western edge o f the city). Both are nature 
reserves. (The role o f  the escarpment as a transurban ecological corridor will be the subject o f a separate 
study).

Parts o f the escarpment deforested during the development o f the town are covered with replacement 
grassy communities. The preserved fragments o f  tree stand, mostly induced into urban parks, have been

Fig. 1. Location o f the study plots on the Vistula escarpment in Warsaw (plots are numbered as in he text).
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subjected to  modifications o f  various degrees. Only larger plant communities, located at the outskirts o f  
the town (Ursynów to the south and Bielany to the north), preserved a relatively natural character o f  
linden-oak-hornbeam forests. In fragments o f  the stands located closer to the centre o f  the town, 
proportions o f  oaks (Quercus spp.) and hornbeams (Carpinus betulus L.) have largely been reduced, in 
general. They have been replaced by planted maples (especially Acer negundo L.), robinias (Robinia 
pseudoacacia  L.) and lindens (Tilia  spp.). A lso herbaceous vegetation has strongly been modified, 
sometimes totally transformed, and some wooded spots on the escarpment are almost totally without 
herbs. This is mostly the result o f  gardening treatments (raking o f  plant litter and rubbish, application o f  
herbicides).

The study was carried out on 11 plots located almost along the whole escarpment within the 
administrative boundaries o f  Warsaw (Fig. 1):

1. U r s y n ó w . Peripheral southern plot. Relatively little disturbed linden-oak-hornbeam forest 
connected by a continuous wooded belt with the Kabacki Forest; loamy soil. At the foot o f  the 
escarpment wet meadows, crop fields, and wasteland (over the study period), higher up a palace park.

2. A r k a d ia  P ark . Dense maple-hornbeam-ash stand in a small palace park (Królikarnia palace); 
herbaceous plants vanishing; loam-humus soil.

3. K r ó l ik a r n ia .  Sparse tree stand in a managed part o f  the Arkadia Park; grassy herb layer; site 
conditions as above.

4. Ł a z ie n k i  P ark . Old linden-oak-hornbeam stand with admixture o f  maples and planted alien 
shrub layer in the large palace (Łazienki Królewskie) park; very poor herb layer, destroyed by intense 
cleaning treatments; loam-humus soil.

5. S e jm . Dense tree stand with sycamore, linden, and locust at the back o f  Parlament buildings 
(area o f the Culture Park); herb layer totally destroyed mechanically; loam-humus soil.

6. C u ltu r e  P a rk . Plot on a grassy slope near an old sycamore-linden stand; loam-humus soil.
7. U n iv e r s i t y .  Maple-linden-robinia stand with poor undergrowth; herbaceous vegetation o f the 

ruderal type; loam-humus soil. At the foot o f the escarpment vast, open lawns, higher up buildings o f the 
University o f  Warsaw.

8. C ita d e l .  Dense maple-linden stand with rich undergrowth and scarce herbaceous plants; 
loam-humus soil with a high content o f rubble. Plot on an artificial earthen embankment o f  
a 19th-century fort, bordering on the natural escarpment.

9. G d a ń s k a  S tr e e t . Sparse old oak wood with admixture o f  hornbeams, lindens and maples, with 
well developed undergrowth; rich, dense herbaceous vegetation; sandy soil. Suburban-type habitat.

10. K a s k a d a  P ark . Dense young hornbeam-maple-linden stand; herb layer asparse and poor; 
sandy soil. The area o f  a neglected park in a suburban-type habitat.

11. B ie la n y . Peripheral northern site. Natural linden-oak-hornbeam forest in the nature reserve 
“ Bielański Forest” ; sandy soil; ants were sampled at two points, one o f which was located near a stream 
running at the escarpment foot.

Methods

The study was carried out in 1976-1977. Ants were caught by Barber pitfall 
traps. These were 120-ml glass cylinders 4 cm in diameter, filled with ethylene glycol 
in one-third. They were set each month of the season (from April to October) for 
14-day periods, 10 traps at each plot (at permanent points). (This was a special 
method adjusted to urban habitats; C z e c h o w s k i ,  M i k o ł a j c z y k  1981). Only in 
Bielany, where the habitat was most diverse, groups of traps (10 and 20 traps) were 
set at two points. (As the similarity of the two ant “ subcommunities” in terms of the 
species composition, numbers, and dominance structure was high, the results were
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averaged). In the first study year, ants were caught in four of the selected plots 
(Ursynów, Łazienki Park, Culture Park, Bielany). In the second year, all the plots 
were trapped. The total material consists of about 4,000 ants.

Species composition

A total of 18 ant species representing 7 genera were recorded in wooded areas of 
the Vistula escarpment in Warsaw. They account for 23% of the myrmecofauna of 
Poland ( P i s a r s k i  1975), 38% of the myrmecofauna of the Mazovian Lowland, and 
49% of the myrmecofauna of Warsaw ( P i s a r s k i  1982). (When synanthropic species 
are excluded, the two last figures are 40 and 51%, respectively). The genera 
represented by the highest number of species comprise Lasius F a b r .  (6 species), and 
Myrmica L a t r . ,  Leptothorax M a y r ,  and Formica L. (3 species each) (Tab. I).

Ant communities from particular plots included from 3 (Citadel) to 11 species 
(Gdańska St., Bielany), 7 species on the average. (These data include only the species 
recorded from the presence of workers) (Tabs I, IV). The number of species recorded 
in Bielany is not fully comparable with that in other communities (it is a little

Table I. Occurrence, abundance (n) and proportions (%) o f ants on the Vistula escarpment

N o Species

Plot

Ursynów Arkadia
Park

Królika
rnia

Łazienki
Park

Sejm

n % n % n % n % n %

1 M yrm ica laevinodis N y l . 9.8 6 2 .4 40 .3 8 7 .4 43 .3 6 7 .4 6 .2 2 0 .5 3 .0 12.6

2 M yrm ica ruginodis N y l . 0.1 0 .3 0.1 0 .4

3 M yrm ica rugulosa N y l . 0 .3 1.0 0 .8 3.3

4 Stenamma westwoodi W e s t w . 2 .0 12.7 0.1 0 .2 0 .3 0 .5 1.6 5.3 0 .6 2 .5

5 Leptothorax tuberum  ( F a b r . ) 1 -
6 Leptothorax nylanderi ( F o e r s t .) 1.8 11.5 - - - - 3 .0 9 .9 1.0 4 .2

7 Leptothorax muscorum ( N y l .)

8 Tetramorium caespitum  (L .)

9 Dolichoderus quadripunctatus (L .)

10 Lasius brunneus ( L a t r .) 2.1 13 .4 2 .5 5 .4 2 .7 4 .2 9 .7 3 2 .0 4 .8 20.1

11 Lasius niger (L .) - - 0 .9 2 .0 16.1 25.1 9 .2 3 0 .4 12.3 51.1

12 Lasius flavus ( F a b r .) - - - - 0 .8 1.2 - - - -
13 Lasius umbratus umbratus ( N y l .) - - 0 .3 0 .7

14 Lasius meridionalis (B o n d r .) 1.3 5 .4

15 Lasius fuliginosus (L a t r .) 0 .2 0 .7 ? -
16 Formica fusca  L. - - 2 .0 4 .3 0 .9 1.4 - - - -
17 Formica cunicularia L a t r . - - - - 0.1 0 .2 - - - -
18 Formica rufa L .

Total 15.7 46.1 6 4 .2 30 .3 2 3 .9

1 In an  earlier p ap er ( P isa r sk i 1982) this species was e rronously  reported  as Leptothorax corticalis (S c i i k .).
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overestimated relative to them). Particular “ subcommunities” from Bielany comp
rised 9 and 8 species, thus not much more than on the average. Thus, Gdańska St. 
should be considered as the plot providing the greatest diversity of ecological niches 
for ants. Most homogenous conditions were on the artificial embankment of the 
Citadel (though it has already been existed for one and half century).

The most abundant species in woods of the whole escarpment consisted of 
Myrmica laevinodis (38%) and Lasius niger (17%), both ubiquistic forms, and Lasius 
brunneus (28%), an oligotope of moist deciduous forests, connected with trees by its 
m anner of nesting. In the total material collected from the escarpment these species 
clearly predominated by number over the other species (Tab. I). All dominants of 
particular communities belonged to this group. M. laevinodis and L. brunneus 
dominated on 4 plots, each, and L. niger on 3 plots (Tab. IV). The communities 
dominated by L. brunneus (dendrophilous species) occupied sites with the oldest tree 
stands (Łazienki Park, Culture Park, Gdańska St., Bielany), whereas the com
munities dominated by L. niger (which tends to be synanthropic) occurred in places 
frequently visited by people (Sejm, University, Kaskada Park). Of four the plots 
dominated by M. laevinodis, three were not easily accessible to people (Ursynów, 
Arkadia Park, Citadel).

in Warsaw ( +  — scarce abundance or proportion; $ — only a young queen)

Plot

Culture
Park

Univer
sity

Citadel Gdańska
St.

Kaskada
Park

Bielany Average

n % n % n % n % n % n % n %

9.7 34.4 0.3 2.2 27.0 73.4 0.9 1.4 0.3 1.3 5.0 12.1 13.3 37.9
1.0 3.5 13.3' 32.1 1.3 3.7
0.3 1.1 0.1 0.7 - - 1.9 3.1 1.4 5.9 — 0.4 1.1
1.3 4.6 0.2 1.5 1.3 3.5 0.2 0.3 0.1 0.4 0.5 1.2 0.7 2.0

0.1 0.2 - - - - + +
- - - - 8.5 23.1 0.3 0.5 - - 3.0 7.2 1.6 4.6

- 0.2 0.5 + 0.1
0.2 0.3 - - - - + 0.1

- 0.1 0.2 + +
10.0 35.5 3.1 22.8 - - 48.7 78.4 7.2 30.3 18.2 44.0 9.9 28.2
2.6 9.2 9.7 71.3 - - 5.1 8.2 9.3 39.1 0.1 0.2 5.9 16.8
- - - - - - 0.8 1.3 - - - - 0.1 0.3
- - - — - — 9 — — - - - + 0.1
3.2 11.3 0.2 1.5 - — 1.2 1.9 — — — — 0.5 1.4
0.1 0.4 - - ? - 2.7 4.3 5.5 23.1 - — 0.8 2.3

+ 0.1 0.3 0.9
0.1 0.2 + 0.1
0.9 2.2 0.1 0.3

28.2 13.6 36.8 62.1 23.8 41.4 35.1

8 — F ragm enta  Faunistica t. 33, z, 1-11
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Table II. Constancy o f ant species on the Vistula escarpment in Warsaw

Absolutely constant 
( C =  100%)

Constant 
(75% <  C <  100%)

Relatively constant 
(50% ^  C <  75%)

Accessory 
25% C <  50%)

M yrm ica laevinodis 
Stenamma westwoodi

Lasius brunneus (91 %) 
Lasius niger (82%)

M yrm ica rugulosa (55%) 
Leptothorax nylanderi(55%)

M yrm ica ruginodis (36%) 
Lasius meridionalis (36%) 
Lasius fuliginosus (36%) 
Formica fusca  (27%)

Accidental (C <  25%)

Lasius Jlavus, Formica cunicularia (18% ), L eptothorax tuherum , Leptothorax muscorum, Tetramorium  
caespitum, Dolichoderus quadripunctatus, Lasius umhratus umbratus, Formica rufa (9%)

A part from already mentioned species, relatively abundant ones in particular 
communities consisted of Stenamma westwoodi (Ursynów), Leptothorax nylanderi 
(Ursynów, Łazienki Park, Citadel), Lasius meridionalis (Culture Park), and Lasius 
fuliginosus (Kaskada Park) (Tab. I).

The absolutely constant species, that is, occurring on all the study plots, 
comprised Myrmica laevinodis and Stenamma westwoodi (oligotope of moist 
deciduous forests). The constant species consisted of Lasius brunneus and Lasius 
niger, and the relatively constant species were represented by Myrmica rugulosa and 
Leptothorax nylanderi. There were also 4 accessory species and 8 accidental species 
(Tab. II). I he scale of constancy applied here differs from the classical T i s c h l e r  

(1955) scale in that the class of “absolutely constant” species consists only of the 
species with 100-percent frequency, and an additional class of “ relatively constant" 
species is introduced ( C z e c h o w s k i  1988, 1989).

The list of species with the highest constancy of occurrence coincides with the list 
of most abundant species. The most abundant species (Tab. I) were also the most 
constant on the escarpment (Tab. II). This implies that site conditions were rather 
uniform along the escarpment, and, at the same time, the microhabitats of particular 
plots showed some differences. The latter is evidenced by the fact that in addition to 
ubiquists (Myrmica laevinodis, Lasius niger, Formica fused) and oligotopes of moist 
forests {Leptothorax nylanderi, Stenamma westwoodi, Lasius brunneus, Lasius fuligi
nosus), the group of these 10 species also contained a polytope of humid habitats 
{Myrmica ruginodis), a polytope of dry habitats {Myrmica rugulosa), and an 
oligotope of dry habitats {Lasius meridionalis).

The similarity in the species composition of particular communities (according to 
S o r e n s e n  formula) had a large range from 36% (Citadel/Culture Park) to 88% 
(Łazienki Park/Sejm, Łazienki Park/Culture Park, and Sejm/Culture Park). This 
resulted from a clear deviation of the community from Citadel and rather large 
deviation of the community from Bielany from other communities. The former was 
similar to the communities merely in 49% on the average, and the latter in 54% (the 
mean similarity among all the ant communities was 62%, and after exclusion of 
these two communities it was 66%) (Tab. III). The low value of similarity index
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Table III. Qualitative similarity (%) between ant communities from different plots 
o f the Vistula escarpment in Warsaw (calculated from th e  So r e n s e n  formula)
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Ursynów " , 60 55 67 67 50 60 86 60 55 53 61

Arkadia P. 60 \ 77 57 57 57 57 44 47 67 59 58

Królikarnia 55 77 X 53 53 53 62 40 56 62 67 58

Łazienki P. 67 57 53 N 88 88 71 55 74 86 63 70

Sejm 67 57 53 88 X 88 86 55 74 71 63 70

Culture P. 50 57 53 88 88
'

86 36 74 86 53 67

University 60 57 62 71 86 86 X 44 71 83 47 67

Citadel 86 44 40 55 55 36 44 X 43 44 43 49

Gdańska St. 53 47 56 74 74 74 71 43 \ 71 45 61

Kaskada P. 60 67 62 86 71 86 83 44 71 X 47 68

Bielany 53 59 67 63 63 53 47 43 45 47 X 54

between the Citadel community and the other communities was caused by its poor 
species composition rather than actual qualitative dissimilarity. All the three species 
forming this community belonged to the class of the high constancy of occurrence 
on the escarpment. In the case of the community from Bielany the situation was 
opposite. It comprised more species than the other communities, and there were 
many accidental forms in it (“ accidental” in the sense of their low frequency on the 
escarpment, as they were not always accidental to this habitat type (Tabs I, II, VI).

The most similar to the other communities were those from the Łazienki Park 
and Sejm — on the average 70% each (Tab. III). Both had the same number of 
species, close to the average, and their species composition was almost indentical, 
with no one accidental species to the escarpment (Tabs I, II). Thus, these ant 
communities can be considered as the most typical (in terms of their species 
composition) of urban woods of the Vistula escarpment in Warsaw.

Community abundance

An index of ant abundance was calculated using the mean number of individuals 
caught in 10 traps over 14 days. The same index has been applied in all 
zoocoenological paoers of the Institute of Zoology, PAS dealing with the epigean 
fauna. The mean value of this index for ant communities on all the plots was 35.1. 
The range of the index for individual plots was large. The highest (and verv similar)
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values were found for the communities from Królikarnia (64.2) and Gdańska St. 
(62.1). Although these sites differed in soil types, their coverage with herbaceous 
plants was similar. The herb layer was dense, well sodded. But the bulk of each of 
these communities was formed by different species: Myrmica laevinodis in Królikar
nia and Lasius brunneus at Gdańska St.

The lowest values of the abundance index were found for the communities from 
University plot (13.6) and Ursynów (15.7). These communities differed from each 
other in many respects, including the dominant ant species (Lasius niger on the 
University plot and Myrmica laevinodis in Ursynów). The most abundant com
munity differed almost by a factor of 5 from the least abundant community (Tabs I, 
IV).

Certainly, Barber traps do not provide objective data on numbers of animals 
studied. The results obtained depend on both their densities and their activity. Thus, 
the value of the abundance index of the whole community depends on its species 
composition and a dominance structure. But in this study, the error resulting from 
this-may be not large. This is implied by the fact the whole escarpment and also the 
individual plots were dominated by ants of the genera Myrmica  and Lasius, both of 
similar sizes and activity. At the same time, they were the most constant components 
of the communities. Seasonal differences in the activity between these two genera, 
determined by specific features of their reproductive cycles ( C z e c h o w s k i  1985), 
could not be of importance as the abundance index was calculated over the whole 
season. Numbers and frequencies of much smaller ants (e.g. of the genus Lepto- 
thorax) and much larger ants (genus Formica) were disproportionately lower. The 
largest error could have been introduced by Lasius flavus, an undergrowth species, 
poorly captured by Barber’s pitfall traps1. This species, however, was recorded from 
only two plots and with the highest abundance indices (Królikarnia, Gdańska St.). 
Thus, the actual abundance of these communities can be considered as even still 
higher than on the other plots. Certainly, the abundance index was also underes
timated for Ursynów and Citadel because of extremely high proportions of small 
ants with small searching ranges: Stenamma westwoodi (Ursynów) and Leptothorax 
nylanderi (both plots). Thus, the actual abundance of ants in the seminaturai 
linden-oak-hor beam forest in Ursynów was not so small, compared with other 
plots, as it was indicated by the values of the abundance index alone.

Community structure

Indices of species richness (R )2 were generally similar for particular ant 
communities on the escarpment. They ranged from 0.5 (Citadel) to 1.6 (Sejm, 
University, Bielany). The mean value was 1.2. The lowest value of the index (for the

1 For example, the true proportion o f  Lasius flavus in ant communities on lawns o f  Warsaw was 
66%, whereas not more than 3% in the material from traps (C z e c h o w s k i , P is a r s k i , unpublished data).

2 R =  S/.J~N, where S  is the number o f  species, and N  is the abundance index.
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community from Citadel) clearly deviated from the other values, and it expresses the 
largest disproportion between the number of species in the community (extremely 
low) and the number o f individuals in it (one of the higher values) (Tab. IV).

Dominance structure of the community is frequently considered as a measure of 
the habitat homogenity, especially when it is caused by human activity. On this 
occasion, typically attention is paid to the proportion of the dominant species. In the 
case of the material from the escarpment, the indicatory role of this parameter did 
not reveal. The proportion of the dominant largely varied from one community to 
another, and individual values of this index did not seem to be related to the 
intensity of human pressure (urbanization). The lowest difference between the 
proportion of the dom inant (Lasius brunneus — 32%) and the proportion of the 
other species was noted in the Łazienki Park, whereas the highest one was observed 
in the Arkadia Park (Myrmica laevinodis — 87%). The vast majority of the 
communities from the escarpment had a very high proportion of the dominant 
species. Its mean value was 58% (Tab. IV).

As the proportions o f dominants species were generally high and the number of 
species in individual ant communities of the escarpment was relatively low, the 
proportion of the dom inant was of crucial importance to the value of the dominance 
index (D)1 for each communities. These values were high, and ranged from 0.2 
(Łazienki Park) to 0.9 (Arkadia Park), with a mean of 0.5 (Tab. IV).

Table IV. Parameters o f  the structure o f ant communities from different plots o f  the Vistula 
escarpment in W-arsaw: S  — number o f  species, N  — abundance index, R — index o f species 

richness, D — dominance index, % d — proportion o f dominant

Plot

U
rs

yn
ów

A
rk

ad
ia

 
P.

r 
1 

K
ró

lik
ar

ni
a

Ł
az

ie
nk

i 
P.

Se
jm

C
ul

tu
re

 
P.

U
ni

ve
rs

it
y

C
it

ad
el

G
da

ńs
ka

 
St

.

K
as

ka
da

 
P.

B
ie

la
ny

M
ea

n

S 4 6 7 8 8 8 6 3 11 6 11 7

N 15.7 46.1 64.2 30.3 23.9 28.2 13.6 36.8 62.1 23.8 41.4 35.1

R 1.0 0.9 0.9 1.5 1.6 1.5 1.6 0.5 1.4 1.2 1.6 1.2

D 0.4 0.9 0.5 0.2 0.3 0.3 0.6 0.6 0.6 0.3 0.3 0.5

%rf 62.4 87.4 67.4 32.0 51.1 35.5 71.3 73.4 78.4 39.1 44.0 58.4
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1 Z) =  £ (n /A 0  2, where n is the number o f individuals o f  a given species, and N  is the total number o f  
idividuals in the community.
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Similarity of the dominance structure between ant communities was estimated 
using the M o r i s i t a  formula ( H o r n  1966). In this respect, the compared com
munities showed anormous differences. The values of the M o r i s i t a  index ranged 
from 0.02 to 0.95 (!), being 0.49 on the average. The following pairs of communities 
were the most similar: Citadel and Ursynów (0.95). Citadel and Arkadia Park (0.94), 
Arkadia Park and Królikarnia (0.93), and Arkadia Park and Ursynów (0.92). These 
were pairs of communities with a similar and high dominance of Myrmica laevinodis. 
The greatest differences in the dominance structure were between communities from 
Citadel and Gdańska St. (0.02). Citadel and Kaskada Park (0.02), and Citadel and 
University (0.03). The dominant species of the community from Citadel, M. 
laevinodis, occurred in very low proportions in the other communities of this group 
(Tabs I, V).

Like in the case of the similarity of species composition, the most similar 
dominance structure to those of the other communities was observed for the 
community of Łazienki Park (a mean of 0.65). Thus, this community, which was 
dominated by Lasius brunneus and had high proportions of Lasius niger and 
Myrmica laevinodis should be considered to be most typically formed for wooded 
areas of the Vistula escarpment in Warsaw. The least typical in this respect (a mean 
index of 0.41) was the community from the University, dominated by L. niger with 
a very low proportion of M. laevinodis (Tabs I, V).

Table V. Similarity o f  the dominance structure o f ant communities from different plots o f  the Vistula 
escarpment in Warsaw (calculated from the M o r is it a  formula)
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Ursynów 0.92 0.89 0.55 0.30 0.76 0.09 0.95 0.22 0.13 0.38 0.52

Arkadia P. 0.92 m 0.93 0.40 0.24 0.62 0.07 0.94 0.08 0.07 0.24 0.45

Królikarnia 0.89 0.93 , 0.59 0.53 0.68 0.38 0.89 0.11 0.29 0.24 0.55

Łazienki P. 0.55 0.40 0.59 m 0.88 0.83 0.73 0.42 0.64 0.80 0.62 0.65

Sejm 0.30 0.24 0.53 0.88 X 0.57 0.94 0.22 0.43 0.84 0.34 0.53

Culture P. 0.76 0.62 0.68 0.83 0.57 X 0.38 0.59 0.66 0.52 0.72 0.63

University 0.09 0.07 0.38 0.73 0.94 0.38 X 0.03 0.40 0.81 0.24 0.41

Citadel 0.95 0.94 0.89 0.42 0.22 0.59 0.03 0.02 0.02 0.23 0.43

Gdańska St. 0.22 0.08 0.11 0.64 0.43 0.66 0.40 0.02 X 0.61 0.74 0.39

Kaskada P. 0.13 0.07 0.29 0.80 0.84 0.52 0.81 0.02 0.61 X 0.44 0.45

Bielany 0.38 0.24 0.24 0.62 0.34 0.72 0.24 0.23 0.74 0.44 X 0.42
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Table VI. Zoogeographical and ecological classification o f  ant species from the Vistula escarpment in
Warsaw

Species
Zoogeographical

element
Ecological element; 

amplitude, habitat preferences

M yrm ica laevinodis 
M yrm ica ruginodis 
M yrm ica rugulosa 
Stenamma westwoodi 
Leptothorax tuberum 
Leptothorax nylanderi 
Leptothorax muscorum 
Tetramorium caespitum  
Dolichoderus quadripunctatus 
Lasius brunneus 
Lasius niger
Lasius umbratus umbratus 
Lasius flavus 
Lasius meridionalis

Lasius fuliginosus 
Formica fusca  
Formica cunicularia 
Formica rufa

Palaearctic
Euro-Siberian
European
South-Euro-Siberian
South-Euro-Siberian
South-Euro-Siberian
Euro-Siberian
Palaearctic
South-Euro-Siberian
South-Euro-Siberian
Palaearctic
European
Palaearctic
Submediterranean

South-Euro-Siberian
Palaearctic
European
Euro-Siberian

Eurytope ( =  ubiquist)
Polytope o f  humid habitats 
Polytope o f  dry habitats 
Oligotope o f deciduous forests 
Stenotope o f  xerothermal grasslands 
Oligotope of- deciduous forests 
Oligotope o f  coniferous forests 
Polytope o f  dry habitats 
Oligotope o f  deciduous forests 
Oligotope o f deciduous forests 
Eurytope ( =  ubiquist)
Oligotope o f deciduous forests 
Eurytope ( =  ubiquist)
Oligotope o f dry forests and xerothermal 
grasslands
Oligotope o f deciduous forests 
Eurytope ( =  ubiquist)
Polytope o f  dry habitats 
Oligotope o f  coniferous forests

Community diversity

Analysing differences among ant communities from different plots of the 
escarpment, it is difficult to find an univocal relationship between characteristics of 
a given community and the type and intensity of human pressure (presumably except 
for the already noted relationship between Lasius niger and treading by people). 
Besides the obvious relationship between Lasius brunneus and old tree stands, no 
univocal relationship was found, in turn, between community characteristics and the 
general character of the environment. However, there was a clear pattern of changes 
in relative proportions (%) of ants of the genera Myrmica and Lasius, related to the 
transect location of the plots. (No relationship between numbers of these ants were 
recorded).

M ost generally it can be stated that the communities from southern plots were 
dominated by Myrmica ants, and these ants were being replaced by Lasius ants 
northward. The only significant deviation from this rule (but, even it may be said, 
conforming this rule) was the community from Citadel — the plot located beyond 
the escarpment, on an artificial eastern embankment (Fig. 2).

The study plots on the escarpment can be groupped according to the proportions 
of ants o f the genera Myrmica and Lasius. The results of this grouping are in 
agreement with the topographic distribution of the plots (Fig. 1). The first, southern
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group of plots comprises Ursynów and two plots located close to each other: 
Arkadia Park and Królikarnia. The mean proportion of Myrmica in these 
communities was 72% and Lasius 17%. The second group consisted of the plots 
located in central parts of the town: Łazienki Park, Sejm, and Culture Park. In these 
plots Lasius ants started to dominate (65% on the average) over Myrmica ants 
(26%). The third group consisted of University, Gdańska St., and Kaskada Park 
(the community from Citadel is excluded from this analysis). The mean proportion 
o f Lasius ants in this group was as many as 94%, whereas Myrmica merely 5%. In 
the community of the last, northern plot, that is, Bielany, the proportion of Myrmica 
ants increased again (at the expense of Lasius ants), and the proportions of 
individuals of the two genera became even 42% each (Fig. 2).
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Fig. 2. Changes in the proportions o f  ants o f  the genera M yrm ica  (1) and Lasius (2) in ant communities 
along the Vistula escarpment in Warsaw (plots are numbered as in the text, distances between them on the 

abscissa are proportional to their actual distances)

Almost all the course of changes in the proportions of Myrmica ants were due to 
changes in the proportions of M. laevinodis. Other species of this genus appeared 
from the Łazienki Park (close to the centre of the town) and only at the final plots of 
the transect their presence was well expressed. These were M. rugulosa (polytope of 
dry habitats), dominated over M. laevinodis at Gdańska St. and in the Kaskada 
Park, and (especially) M. ruginodis (polytope of humid habitats), dominated over M. 
laevinodis in Bielany (Figs 2, 3). The relatively abundant occurrence of M . rugulosa 
on the plots mentioned was likely to be related to local soil conditions (sandy soils, 
rather dry) and that of M. ruginodis to the proximity of a stream. At the same time, 
M. rugulosa did not occur in Bielany and M. ruginodis at Gdańska St. and in the 
Kaskada Park.

These two species, which have opposite habitat requirements, co-occurred.
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however, (though in small numbers) on central plots of the escarpment: in the 
Łazienki Park, Sejm, and the Culture Park (Tab. I). These plots (with rather fertile 
loam-humus soils) were located in a large complex of urban green in the central part 
of the town, including such parks as Łazienki, Culture, Ujazdowski, Agrykola, and 
the Botanical Garden. In this situation the occurrence of Myrmica rugulosa there 
should be considered as an effect of urban pressure drying the habitat, whereas the 
occurrence of M. ruginodis could have been related to a rather high resistance of 
larger green complexes to this pressure. On Warsaw lawns, M. rugulosa is a constant 
and abundant element (24%; according to pitfall traps), whereas M. ruginodis occurs 
there sporadically and in low numbers (unpublished data).

The situation of ants of the genus Lasius was more complicated. Two species, 
with relatively large proportions, co-dominated in this group: L. brunneus and L. 
niger. Changes in the proportions of each of them along the escarpment dis not show 
any direct direction (contrary to the whole genus). On successive plots either one or 
the other species was more abundant. Usually, an increase in the proportion of L. 
niger in the whole community coincided with a decrease in the proportion of L. 
brunneus (Fig. 3).
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p l o t s

Fig. 3. Changes in the proportions o f dominant species in ant communities along the Vistula escarpment 
in Warsaw: 1 — M yrmica laevinodis, 2 — Lasius niger, 3 — Lasius brunneus

These regular changes in the proportions of the genera Myrmica and Lasius 
along the escarpment suggest that the general structure of the community of ants 
was determined by some (unidentified) habitat factor (or a group of factors) the 
intensity of which formed a gradient. This was not the urban pressure. An
thropogenic factors (influencing more or less directly) could affect at most the local 
habitat capacity, determining the number of individuals in communities, and the 
number and type of ecological niches, thus the species composition.
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Zoogeographical composition

Ants collected from the escarpment represented five zoogeographical elements: 
Palaearctic, Euro-Siberian, South-Euro-Siberian, European, and Submediterranean. 
Zoogeographical classification of individuals species is shown in Table VI.

Table VII. Zoogeographical com position o f  the myrmecofauna o f  the Vistula 
escarpment in Warsaw (S  — number o f  species, N  — abundance index)

Element
Species Individuals

5 % N %

Palaearctic 5 27.8 19.6 55.8
Euro-Siberian 3 16.7 1.4 4.0
South-Euro-Siberian 6 33.3 13.2 37.6
European 3 16.7 0.4 1.1
Submediterranean 1 5.6 0.5 1.4

Most species represented South-Euro-Siberian and Palaearctic elements (Tab. 
V I I ) ,  like in the whole Warsaw ( P i s a r s k i  1982). Ant species belonging to these 
elements are enhanced by urban microclimate in the temperate-warm zone 
( V e p s a l a i n e n ,  P i s a r s k i  1986). Of all the zoogeographical elements in the myr
mecofauna of Warsaw, their proportions are most increased in relation to the 
myrmecofauna of nonurban habitats of the Mazovian Lowland ( P i s a r s k i  1982). 
A special preadaptation of Palaearctic species to urban habitats results from their 
ecological versatility, and that of South-Euro-Siberian species (amphipalaearctic) is 
due to their relative stenothermy. In the temperate zone, urban climate is warmer 
and drier than in surrounding nonurban areas. Moreover, these are mostly species 
ecologically associated with the zone of deciduous forests. Also the fact that Warsaw 
is situated in the central part of the ranges of all these elements is important.

With respect to the number of individuals, woods of the escarpment were clearly 
dominated by Palaearctic ants — practically due the mass occurrence of two 
ubiquistic species, Myrmica laevinodis and Lasius niger. Also South-Euro-Siberian 
forms were numerous, and among them the species associated with moist deciduous 
forests (Tab. VI). The other elements were marginal in terms of their numerical 
contribution to the myrmecofauna of the escarpment (Tab. VII).

Ecological composition

In terms of their ecological amplitude, half of the myrmecofauna of escarpment 
woods were oligotopic species associated with different, mostly deciduous, forests. 
At the same time, oligotopes accounted for most of the myrmecofauna of Warsaw, 
though their contribution to the ant fauna (also on the escarpment) was lower than 
in the Mazovian Lowland ( P i s a r s k i  1982). Simultaneously, oligotopic forms
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occurring on the escarpment were characterized by a high proportion of their 
individuals, though it was lower than for eurytopic species, which comprised less 
species (Tab. VIII).

Table VIII. Ecological com position o f the myrmecofauna o f  the Vistula escarpment in Warsaw (symbols
as in Table VII)

Element
Species Individuals

5 % N %

Eurytopes ( =  ubiquists) 4 22.2 19.6 55.8
Polytopes o f humid habitats 1 5.6 1.3 3.7
Polytopes o f  dry habitats 3 16.7 0.5 1.4
O ligotopes o f  deciduous forests 6 33.3 13.1. 37.3
O ligotopes o f  coniferous forests 2 11.1 0.1 0.3
O ligotopes o f  dry forests & xerothermal grasslands 1 5.6 0.5 1.4
Stenotopes o f  xerothermal grasslands 1 5.6 + 0.1

W ith respect to habitat preference, oligotopes associated with moist deciduous 
forests were represented by the highest number of species. Apparently, this was in 
accordance with the character of the woods of the escarpment, although this group 
o f species occurred in a similar proportion in the myrmecofauna of the entire town 
( P i s a r s k i  1982). Their abundance was lower only then the abundance of ubiquists 
(rather markedly) (Tab. VIII).

The ecological classification of ants occurring on the escarpment in W arsaw is 
given in Table VI.

Origin of the myrmecofauna

Eighteen ant species recorded from tree stands of the Vistula escarpment in 
Warsaw are many as for the conditions of an urban habitat. Though the whole 
myrmecofauna of Warsaw recorded so far contains twice that number of species 
( P i s a r s k i  1982), still this figure was obtained using all the data available, from all 
the habitat types, including suburban and synanthropic. During the recent study 
carried out by the Institute of Zoology, PAS (concurrently with the study on the 
escarpment) in typical, managed habitats of urban green (lawns) in Warsaw (in 
parks, green areas of housing estates, and streetside green; a total of about 40 plots) 
as many as 23 ant species were recorded. The total number of species recorded from 
all types of the urban green (the noted lawn habitats plus tree stands of the 
escarpment) is 27. The species occurring only on the escarpment consist of 
Leptothorax tuberum, Dolichoderus quadripunctatus, Lasius meridionalis, and For
mica rufa (not abundant, accidental or accessory species in this habitat), whereas the 
species lacking from the escarpment comprise Myrmica scabrinodis N y l . ,  Myrmica 
lobicornis N y l , .  Myrmica schencki E m ., Sifolinia karavaievi ( A r n . ) ,  Diplorhopthrum
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fugax  ( L a t r .),  Formica cinerea M a y r , Formica rufibarbis F a b r ., Formica ru.ncorum 
F a b r ., and Formica pratensis R e t z . (in turn, the species of low abuncance and 
frequency in urban lawns).

Ant communities from particular plots of the escarpment were generally 
represented by more species than individual communities from lawns of Warsaw. 
The former were made up of 7 species on the average, whereas the latter of 5 species.

Although the myrmecofauna of the wooded areas of the escarpment was 
qualitative similar to the myrmecofauna of lawns, its structure largely differed. The 
proportions of the dom inant species from the escarpment, Myrmica laevinodis (38%) 
and Lasius brunneus (28%) were very low in the myrmecofauna of lawns (1.6 and 
0.1%, respectively), which was dominated by Lasius niger (71%) and Myrmica 
rugulosa (24%) (according to data from Barber pitfall traps).

There were also large differences in numbers of ants in the habitats compared. 
The escarpment communities were generally much less abundant (mean index of 35) 
than a mean lawn community (an index of 155). (An analysis of the myrmecofauna 
of typical habitats of urban green of Warsaw is being prepared).

As compared with the myrmecofauna of natural (nonurban) linden-oak-horn- 
beam forests, the myrmecofauna of seminatural tree stands of the escarpment was 
much richer in species. During the recent study in linden-oak-hornbeam forests of 
the Mazovian Lowland ( C z e c h o w s k i , P i s a r s k i  1990) on f o u r  plots a total of merely 
6 species were recorded, ranging from 2 to 6 in particular forests. The absolute 
dominant (76%) was Myrmica ruginodis (a polytope of humid habitats). On the 
escarpment this was an accessory species, fifth by number (less than 4%). (As 
already noted, numbers of M. ruginodis on lawns of Warsaw were very low). Next in 
order on the list of the myrmecofauna of natural linden-oak-hornbeam forests were 
already ants dominated on the escarpment (and in the same sequence): Myrmica 
laevinodis, Lasius brunneus, and Lasius niger. The mean abundance of ant com
munities was the same in natural linden-oak-hornbeam forests of Mazovia an and 
tree stands of the Warsaw escarpment (an index of 35).

In the light of these comparisons, the myrmecofauna of seminatural woods of the 
Vistula escarpment in Warsaw proved to be of an intermediate character between 
the myrmecofauna of the Mazovian linden-oak-hornbeam forests (where it apparent
ly has its roots) and the myrmecofauna typical of managed urban green (represent
ing a more advance stage of habitat conversion). A significant enrichment of the 
escarpment myrmecofauna in species, as compared with the original state, is an 
apparent result of the human-related diversification of the escarpment habitat, and 
of the influence of the surrounding habitats with totally different characteristics.
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Instytut Zoologii P A N  
00-679 Warszawa, Wilcza 64

STRESZCZENIE

[Tytuł: Mrówki (Hymenoptera, Formicoidea) skarpy wiślanej w Warszawie]

Skarpa warszawska, jako krawędź doliny erozyjnej Wisły, przecina miasto od 
południowego wschodu ku północnemu zachodowi. Zadrzewienia porastające frag
menty skarpy są mniej lub bardziej przekształconymi antropogenicznie pozostałoś
ciami dawnych lasów grądowych (Tilio-Carpinetum). W tych środowiskach (na 11 
stanowiskach) badano w latach 1976-1977 zgrupowania mrówek, stosując pułapki 
Barbera. Pozyskano ok. 4000 osobników, reprezentujących 18 gatunków. Domino
wały (w skali całej skarpy) Myrmica laevinodis N y l .  (38%), Lasius brunneus ( L a t r . )  

(28%) i L. niger (L.) (17%). Mrówki te były też dominantami poszczególnych 
zgrupowań, liczących od 3 do 11 gatunków. Na stanowiskach bliskich południowym 
krańcom miasta w zgrupowaniach ilościowo przeważały mrówki z rodzaju Myrmica 
L a t r . ,  które stopniowo, w miarę posuwania się ku północy, były zastępowane przez 
osobniki z rodzaju Lasius F a b r .  Gatunkami najbardziej stałymi w zadrzewieniach 
skarpy były Myrmica laevinodis i Stenamma westwoodi W e s t w .  (C =  100%), Lasius 
brunneus i L. niger (75% ^  C <  100%) oraz Myrmica rugulosa N y l .  i Leptothorax 
nylanderi ( F o e r s t . )  (50% ^  C <  75%). Poszczególne zgrupowania były bardzo 
zróżnicowane pod względem liczebności. Wskaźnik liczebności (liczba osobników/10 
pułapek/14 dni) wahał się od 13,6 do 64,2. Skład i struktura zgrupowań nie 
wykazywały jednoznacznej zależności od charakteru i nasilenia presji antropogenicz
nej (urbanizacyjnej) w danym miejscu.

W składzie zoogeograficznym myrmekofauny skarpowej najwięcej było gatun
ków południowoeurosyberyjskich (6) i palearktycznych (5). Pod względem liczebno
ści osobników także dominowały mrówki palearktyczne (56%; głównie za sprawą 
Myrmica laevinodis i Lasius niger) i południowoeurosyberyjskie (38%; głównie 
Lasius brunneus). Pod względem preferencji ekologicznych w składzie gatunkowym 
przeważały formy oligotopowe lasów liściastych (6 gatunków) i eurytopowe 
(=  ubikwistyczne) (4 gatunki). Przedstawiciele tych elementów byli też najbardziej
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liczebni: eurytopy stanowiły 56% wszystkich mrówek (głównie były to Myrmica 
laevinodis i Lasius niger), a oligotopy lasów liściastych 37% (głównie Lasius 
brunneus).

M yrmekofauna półnaturalnych zadrzewień skarpy warszawskiej jest, pod wzglę
dem swego składu i struktury, formą pośrednią między myrmekofauną naturalnych 
lasów grądowych Niziny Mazowieckiej (od której się wywodzi) a myrmekofauną 
typowych środowisk zagospodarowanej (trawnikowej) zieleni miejskiej (stanowiącej 
dalszy etap przekształceń antropogenicznych). Przejawami odkształcenia myrmeko- 
fauny skarpowej od stanu pierwotnego jest zastąpienie na pozycji dominanta 
Myrmica ruginodis N y l .  (politopa środowisk wilgotnych) przez ubikwista (eurytopa) 
M. laevinodis oraz znaczne wzbogacenie jakościowe zgrupowań, przy nie zmienionej 
ich liczebności.

PE3KDME

[3 a r j ia B H e : M y p a B b H  (Hymenoptera, Formicoidea) OTKOca B u c jib i  b B a p m a B e ]

O tk o c  Bncjibi b  BapmaBe, KOTopbiH npope3biBaeT ropozt c  ioro-BocTOKa Ha 
ceBepo-3anazt, BBJi«eTc« KpaeM 3 p o 3 h o h h o h  ztojiHHbi Bncjibi. jJpeBecubie Haca>Kzie- 
HHH BCTpenaromHeca ua OTZtejibHbix (j)parMenTax 3Toro o t k o c h  h b j i b f o t c b  ocTaT- 
KaMH npe>KHHx jiecoB rpyzta ( Tilio-Carpinetum) npeoópa30BaHHbix b  óojtbineH h j i h  

MeHbmeH CTeneHH nozt b j i h b h h c m  HejioBenecKOH zteaTejibHocTH. B 3 t h x  ÓHOTonax 
(Ha 11 CTaHHHHx) b  1976-1977 roztax óbuiH HcczieztoBaHbi cooómecTBa MypaBbeB 
npu npHMeHeHHH jioBymeK Bapóepa. TaKHM oópa30M coópajiH o k o j i o  4000 ocoóeu, 
npe^CTaBJiJuomux 18 b h z io b .  /JoMHHHpoBajiH (b  npeztejiax Bcero OTKOca) Myrmica 
laevinodis N y l .  (38% ), Lasius brunneus ( L a t r .)  (28% ) h  L. niger (L .) (17%). 3 t h  

BH/ibi MypaBbeB ztoMHHHpoBajiH TaioKe b OTZtejibHbix cooómecTBa, nacHHTbiBaroiimx 
o t  3 zto 11 b h z jo b .  B 6uoTonax Jie^Kamux' 6jiH>Ke k  k » k h o h  nacTH ropowa 
npeoóJiaaajiH KonHHecTBeHHo MypaBbH H3 pozta Myrmica L a tr . ,  KOTopbie nocTeneH- 
h o  no Mepe npoztBH>KeHHH Ha ceBep 3aMemajmcb o c o ó h m h  H3 pozta Lasius F a b r . 
HaHÓojiee nocTOBHHbiMH BHZtaMH b  ztpeBOHacaaczteHHflx OTKOca óbijiH Myrmica 
laevinodis h  Stenamma westwoodi W e s tw . (C =  100%), Lasius brunneus h  L. niger 
(75% ^  C <  100%) h  Myrmica rugulosa N y l .  h  Leptothorax nylanderi ( F o e r s t .)  
(50% ^  C  < 75%). OmejibHbie cooómecTBa óburn oneHb zmtfttJtepeHHHpoBaHbi
C TOHKH 3p eH H fl HHCJieHHOCTH. F łO K a3aT eJ lb  HHCJieHHOCTH (HHCJIO O C O Ó eft/lO  JlO By-

m e K /1 4  z m e ii)  K O J ie ó a jic a  o t  1 3 ,6  a  o  6 4 ,2 .  C o c r a B  h  C T p y K T y p a  c o o ó m e c T B a  He 

CBHZteTejTbCTBOBajlH OZtH03HaHHO O 3aBHCHMOCTH HX OT X a p a K T e p a  H HHTeHCHBHO- 

c t h  a H T p o n o r e H H o r o  ( y p ó a H H 3 a im o H H o r o )  H a ra c K H  b  z i& h h o m  M ecT e.

B 3 0 o re o rp a (J )H H e cK O M  o T H o m eH H H  b  c o c T a B e  M H pM eK O (j)ayH bi OTKOca B h c j im  

b  B a p m a B e  B C T penaeT C B  ó o j i b m e  B c e ro  K »K H oeB poneH ęK ocH Ó H pcK H x b h z io b  ( 6 )
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h naneapKTHHecKHx (5). C tohkh 3peHH« hhcjichhocth TaK^ce flOMHHHpoBajiH 
najieapKTHHecKHe MypaBbH (56%, rjiaBHbiM o6pa30M 3a cneT Myrmica laevinodis 
h Lasius niger) h KOKHoeBponeHCKOCHÓHpcKHe (38%, b ochobhom Lasius brunneus). 
B 3KOJIOrHHeCKOM OTHOLUeHHH npeBaHHpOBaJTH OJIHrOTOriHbie (J)OpMbI JIHCTBeHHbIX 
JieCOB (6 BHflOB) H 3BpHTOnHbie (=  yÓHKBHCTbl) (4 BHfla). ripeaCTaBHTeJIH' 3THX 
3KOJiorHHecKHx 3JieMeHTOB 6biJiH TaioKe h HaHÓojree MHoroHHCJieHbi: 3BpHTonbi 
cocTaBjiHjiH 56% Bcex MypaBbeB (Gbuin 3 t o  rjiaBHbiM o6pa30M Myrmica laevinodis 
h Lasius niger), a ojraroTonbi jiHCTBeHHbix jiecoB 37% (b ochobhom Lasius 
brunneus).

M H p M e K O (J )a y H a  n o n y n p H p o A H b i x  ^ p e B O H a c a ^ c a e H H H  B a p m a B C K o r o  O T K o c a  

H B j ia e T c a  c tohkh 3peH H H  C B o e r o  c o c T a B a  h  C T p y K T y p b i n o c p e z iH e H  (})opM O H  Me>K,ay 

M H pM eK O cj)ayH O H  n p H p o ^ H b i x  J ie c o B  r p y z j a  M a 3 0 B e u K 0 H  h h 3 m c h h o c t h  ( o t  KO TO pO H  

O H a n p o H c x o z iH T )  h  M n p M eK O (j)a y H O H  6 n o T o n o B  t h h h h h o  6 j ia r o y c T p o e H H O H  ( r a -  

30 H H O H ) T O pO ^C K O H  3CJieH H  (B B JIH IO m eH C B  flaJIbH C H H IH M  3 T a n O M  a H T p o n o r e H H b ix  

n p e o ó p a 3 0 B a H H H ) .  n p o f lB u e H H H M H  ^ e (J )o p M a u H H  M H p M eK o 4 > ay H b i O T K o c a  Bncjibi 
n o  c p a B H e H H K ) c n e p B H H H b iM  coctohhhcm B B J ia e T c a  3 a M e m e H H e  Ha n o 3 H U H H  £omh- 
H a H T a  B H ^ a  Myrmica ruginodis N y l .  ( n o j i H T o n a  B jia )K H b ix  Ó H O T o n o B )  bhaom 
yÓ H K B H C TO M  ( s B p H T o n o M )  M. laevinodis, a T a x a c e  3HaHHTejibHoe K a n e c T B e H H o e  

o6oram eH H e np n  HeH3MeHHOH hx hhcjichhocth .
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