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ABSTRACT

Species composition and structure of springtail communities were analysed in three types of 
urban green: parks, green of housing estates, and streetside green. From all these communities, 
the species associated with forests were eliminated, and from the communities occurring in green 
of housing estates and in streetside green also hygrophilous and epigean species were absent. In 
parks, two community types occurred. One was dominated by Isotoma viridis and the other one 
by Lepidocyrtus lignorum. In housing estate and streetside green, Cryptopygus bipimctatus was the 
expansive species.

INTRODUCTION

Collembola communities were analysed as a part of the complex studies carried 
out at the Institute of Zoology on urban zoocoenoses of Warsaw. Some data on 
numbers and species composition of the Collembola of Warsaw have already been 
published (S te rz y ń sk a  1979, 1981, 1982).

Springtails are the group of insects comprising organisms strictly associated 
with soil (euedaphic), also forms associated with litter (hemiedaphic) and epigean 
forms. Also corticophilous, myrmecophilous, troglophilous, and synanthropic 
species are known. Not so long ago springtails were classified as unspecialized 
saprophages feeding on fallen leaves, mycelium, spores, and humus, and only few 
of them were known to be predators or microphytophages (C h r is t ia n s e n  1964). 
The most recent investigations (U sh er et al. 1982) seem to show, however, that 
springtails are more specialized consumers, and besides detritophagous species 
there are many mycophages and predators (feeding mostly on microorganisms).

Springtails are widely distributed in soils of different types. The formation of 
aggregations, species composition, and community structure depend on soil moisture, 
humus type, nutrient content in food, and food pollution, e.g., with heavy metals
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(N o sek  1981, B en g tsso n  et al. 1983, Jo sse  and V e rh o e f  1983, T e s te r in k  
1983).

The purpose of this paper is to analyse the species composition and structure 
of springtail communities in different types of urban green, and to show the possible 
effects of urban pressure on these communities.

STUDY AREA, MATERIAL, AND METHODS

Collembola of urban green areas were studied in 1976 — 1978. The material was 
collected from three types of urban green such as parks, housing estates, and street- 
side green. Parks were represented by the Łazienki Park (in 1976, plots I and II)1, 
park at the Cemetery of Soviet Soldiers (in 1976, plots I and II), the Saxon Garden 
(in 1976, plot II) and the Park of Culture and Leisure (in 1977, plots I and II; both 
these plots had a rubble soil and were located on the lower terrace of the park, 
on the site of potential Tilio-Carpinetum stachietosum).

Materials from green of housing estates were collected in Wierzbno, which is 
a loosely built area (in 1976, plots I and II) and in the centre of the town, in closely 
built-up areas of M.D.M. (in 1976, plot I —a courtyard lawn) and in Konstytucji 
Square (in 1978, small patches of soil around linden trees in the square)2.

In streetside green, the material was collected from streetside plots and interlane 
plots at the following points of Warsaw: Ujazdowskie Avenue (in 1976, plot I —a 
lawn along the Łazienki Park), Żwirki i Wigury Avenue (in 1978, lawns near the 
park at the Cemetery of Soviet Soldiers; plot I —an interlane lawn, plot I I —a street­
side lawn), Marszałkowska Street (in 1976, plot I —an interlane lawn adjacent to 
the Saxon Garden), Woronicza Street (in 1976, plot I —a streetside lawn in Wierzbno 
housing estate), Zbawiciela Square (in 1978, plot I —a totally isolated interlane 
lawn).

The study areas and plots are described in detail by K u b ic k a  et al. (1985) 
and some also by N o w a k o w sk i  (1981).

Soil samples were taken at monthly intervals from April till October from all 
the plots (only in the Park of Culture and Leisure samples were taken over the year). 
Each series consisted of 10 samples of a surface area of 20 cm2 and 10 cm deep. 
The samples were extracted using T u l lg re n  apparatus. The total material consisted 
o f about 8,000 individuals.

1 The plots are numbered after K ubicka et al. (1985).
2 The plot at Konstytucji Square is typical of closely built-up areas in large cities because of 

its location and the way of management. In this paper it is classified to the group of housing estate 
plots, and not to the streetside plots as in K ub icka et al. (1985).

[Note: this discrepancy has been accepted at the author’s request (W. Cz.)].



Table 1. Species composition and abundance (in thousands of individuals/m2) of springtail communities in urban green of Warsaw

Type of green, study Parks Green of housing estates Streetside green

No.
areas, plots

Cemetery of Soviet Saxon Culture and Leisure Konsty Żwirki i Wigury 
venue

Ujaz­ Marsza] Woro­ Zbawi­

Soldiers Łazienki Fark
Garden Park All Parks Wierzbno M.D.M tucji All housing estates A dowskie kowska nicza ciela All streets

Species Square Avenue Street Street Square
I II I II II I U X 0//o I II I II X % I II I I I I X 0//o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

1 Hypogastrura manubrialis (Tullb.) _ _ _ _ _ _ 9.0 1.3 0,03 130.0 32.5 2,99 7.1 _ _ _ _ 1.2 0.03
2 H. assimilis Krausb. — — — — — — — — — _ — 10.0 _ 2.5 0.23 7.1 — — — — — 1.2 0.03
3 H. vernalis (Carl.) 35.7 — - — — — 36,4 10.3 0.23 — — 280.0 — 70.0 6.43

1 7,1
— — — — 14.3 3.6 0.10

4 H. purpurescens (Lull.) - — — — — — — — — _ — 10.0 — 2.5 0,23 7.1 — — — — — 1.2 0.03
5 Ceratophysella succinea Gisin — — — — — — — — _ — — — — — _ — _ — 70.0 — 11.7 0.34
6 Ceratophysella sp. 7.1 — — — — — — 1.0 0.02 — — — — — — _ — — — — — — —
7 Xynella grisea Axels. — — — — — — 4.5 0.6 0.01 _ — — — — — — 7.1 — — — — 1.2 0.03
8 X. brevisimilis Stach — — — — — 4.5 0.6 0.01 _ — — — — — — — -- — — — — _
9 Schoetella unimguiculata (Tullb.) — — — 12.5 — — — 1.8 0.04 -- — — — — — — — — — — 7.1 1.2 0.03

10 fVillemia intermedia Mills — — — — — — 13.6 1.9 0.04 -- — 10.0 — 2.5 0.23 — —- 10.0 10.0 — 35.7 9.3 0.27
11 Brachystomella parvula (Schaff). — 14.3 — 112.5 200.0 — — 46.7 1.05 _ — — — — — 164.3 7.1 — — 220.0 285.7 112.8 3.31
12 Frisea mirabilis (Tullb.) — — — 149.0 — 5.6 54.5 29.9 0.67 10.0 — — — 2.5 0.23 — — — — — — — —

13 Frisea afurcata Denis — — — 12.5 — — — 1.8 0.04 — — 170.0 — 42.5 3.95 — 14.3 30.0 — — — 7.4 0.22
14 Anurida sp. — — — — 20.0 — — 2.9 0.06 — — — — — — — 7.1 — — — — 1.2 0.03
15 Onychiurus armatus s. Stach 257.0 149.9 30.0 137.5 100.0 — 77.3 107.4 2.42 — 10.0 110.0 25.0 36.3 3.33 228.5 171.4 60.0 20.0 90.0 42.9 102.1 2.99
16 Onychiurus granulosus Stach — — — — — — 31.8 4.5 0.10 — — — — — — — — — — — — — —
17 Mesaphorura krausbaueri Börn — — 110.0 50.0 50.0 — 40.9 35.8 0.81 60.0 — 170.0 — 57.5 5.28 14.3 28.6 20.0 60.0 20.0 — 23.8 0.70
18 M. macrochela Rusek 107.1 7.1 — — — 77.8 40.9 33.3 0.75 _ — — 87.5 21.9 2.01 — 92.8 — — — 135.7 38.0 1.12
— M. krausbaueri group “ 3” — — — — — — 4.5 0.6 0.01 — — — — — — 14.3 — — — — — 2.4 0.07
19 M . hylophila Rusek 21.4 7.1 — — — — 168.2 28.1 0.63 — — — — — — — 28.6 — — — — 4.8 0.14
20 M . critica Rusek 21.4 7.1 — — — — 195.5 32.0 0.72 — _ — 18.5 4.6 0.43 35.7 28.6 — — — 71.4 22.6 0.67
— M. sylvatica group “ 2” — — — — — — 4.5 0.5 0.01 _ — — — — — — — — •— — 107.1 17.8 0.52
21 Metaphorura affinis Börn 64.3 42.8 — 12.5 — — — 17.1 0.39 — — — — — — 14.3 21.4 70.0 10.0 — — 19.2 0.57
22 Stenaphorura quadrispina (Börn) 7.1 — 10.0 12.5 20.0 — 4.5 7.7 0.17 — — — 87.5 21.9 2.01 57.1 21.4 10.0 — — 21.4 18.3 0.54
23 Neotullbergia ramicuspis (Gisin) — — — — — — — — — — — — — — — — — — — 10.0 7.1 2.9 0.08
24 Neotullbergia crassicuspis (Gisin) — — — — — — 13.6 1.9 0.04 — — _ — — — — — — — — _ — _
25 Anurophorus laricis (Nie.) - — — — — — 9.0 1.3 0.03 — — — — — — — — — — — _ — _
26 Folsomides parvulus Stach — — — — 10.0 — 4.5 2.1 0.05 — — — — — — — — 20.0 10.0 — _ 5.0 0.15
27 Isotomodes productus (Axels.) — 7.1 - 150.0 20.0 55.6 131.8 52.1 1.18 10.0 20.0 130.0 — 40.0 3.68 21.4 50.0 — 10.0 10.0 50.0 23.5 0.69
28 Folsomia Candida Will. — — — 12.5 — — — 1.8 0.04 — — 10.0 — 2.5 0.23 — — — — — _ _ _
29 Folsomia fimetaria (L.) 7.1 7.1 — — — 716.7 399.9 161.5 3.65 — — 10.0 — 2.5 0.23 7.1 50.0 — — — 42.9 16.7 0.49
30 F. quadrioculata (Tullb.) 7.1 — - 150.0 10.0 — 159.1 46.6 1.05 20.0 — 10.0 50.0 20.0 1.84 — 7.1 10.0 — 10.0 21.4 8.1 0.24
31 Proisotoma brevidens Stach — — — — — 5.6 9.0 2.1 0.05 — — — — _ — — — — — — _ — _
32 Proisotoma minima (Abs.) — — — — — 5.6 40.9 6.6 0.15 — — — — — — — — — — — _ _ _
33 Proisotoma minuta (Tullb.) - 14.3 - — — 83.3 290.9 55.5 1.25 — — — 87.5 21.9 2.01 — — 14.3 — — — 2.4 0.07
34 Cryptopygus bipunctatus (Axels.) 7.1 — 610.0 275.0 350.0 16.7 86.4 192.2 4.33 40.0 10.0 750.0 12.5 203.1 18.67 42.8 756.8 20.0 140.0 10.0 2057.1 504.4 14.79
35 C. termophilus (Axels.) — 7.1 - — — 950.0 127.3 155.0 3.49 — — — — — — 292.7 14.3 — 10.0 — 121.4 73.1 2.14
— C. termophilus (5 eyes) - — - — — 283.3 45.5 47.0 1.06 10.0 10.0 10.0 — 7.5 0.69 — — — — — _ — —
36 Isotomiella minor (Scätt) 7.1 7.1 190.0 100.0 490.0 5.6 354.5 164.9 3.72 — — — — — — — 21.4 — 10.0 — _ 5.2 0.15
37 Isotoma divacea Tullb. — — - — — 138.9 9.0 21.1 0.48 — — — — — — — — — — — _ — _
38 Istotoma notabilis Schätt 856.8 692.6 120.0 337.5 160.0 377.8 1068.2 516.1 11.64 30.0 130.0 430.0 62.5 163.1 14.99 1370.9 1770.7 — 80.0 20.0 1657.1 816.4 23.94
39 Isotoma viridis Bourl 1378.0 1135.3 140.0 150.0 380.0 1177.8 1136.5 785.4 17.71 20.0 130.0 30.0 — 45.0 4.14 457.0 1792.2 30.0 30.0 30.0 1107.1 574.4 16.84
40 Isotoma violacea Tullb. — — — — — — 13.6 1.9 0.04 — — — _ _ _ _ — — — — _ _ _
41 Isotoma palustris (Müll.) 21.4 292.8 - — — 876.2 109.1 185.7 4.19 — — _ — — — 7.1 21.4 — — — 7.1 5.9 0.17
42 Cyphoderus albinus Nie. 14.3 — 30.0 62.5 60.0 — 4.5 24.5 0.55 — — — 2.5 0.6 0.06 50.0 28.6 10.0 20.0 — 100.0 34.7 1.02
43 C. bidenticulatus (Parona) — — — — 10.0 — — 1.4 0.03 — — — _ _ _ _ — — — — _ _ _
44 Orchesella bifasciata Nie. 42.8 — — 50.0 — — — 13.3 0.30 — _ — — _ — — — — — — _ _ _
45 Heteromurus nitidus (Tempi.) — 14.3 - — — 38.9 72.7 18.0 0.41 — — _ — — — — 78.6 — — — 21.4 16.7 0.49
46 Entomobrya nivalis (L.) 28.6 — — — — — — 4.1 0.09 — — — — — — — 14.3 — — — _ 2.4 0.07
47 E. multifasciata (Tullb.) — — — - — — — — — — — — — — — — — — 10.0 — _ 1.7 0.05
48 E. marginata (Tullb.) — 7.1 - - — 5.6 — 1.8 0.04 — — — — — — _ — — 20.0 30.0 _ 8.3 0.24
49 E. corticalis (Nie.) — 7.1 20.0 — — — — 3.9 0.09 — — — — — — — — — — — _ — _
50 Entomobryoides myrmecophilus (Reut.) 35.7 14.3 40.0 37.5 60.0 16.7 36.4 34.4 0.78 — 60.0 80.0 — 35.0 3.22 199.9 121.4 — 80.0 320.0 92.9 135.7 3.98
51 Sinella cocea (Schott.) — — — — 10.0 5.6 — 2.2 0.05 — — — — — — — — — 30.0 — _ 5.0 0.15
52 Seira domestica (Nie.) — 7.1 — — — — — 1.0 0.02 — — — — _ — _ _ — — — _ — _
53 Lepidocyrtus paradoxus Uzel - — - — 10.0 — — 1.4 0.03 — — — _ — _ — _ — — — _ - _
54 Lepidocyrtus lignorum (F.) — — 50.0 425,0 150.0 — 4.5 89.9 2.03 — 20.0 10.0 — 37.5 0.69 — 135.7 80.0 200.0 —. — 69.3 2.03
55 L. lanuginosus (Gmel.) 7.1 — 510.0 1087.5 10.0 - 18.2 233.3 5.26 30.0 — 20.0 12.5 15.6 1.44 7.1 — — 90.0 70.0 — 27.9 0.82
56 L. cyaneus Tullb. 28.6 57.1 150.0 * 12.5 230.0 94.4 154.5 103.9 2.34 70.0 10.0 — — 20.0 1.84 — 35.7 — 70.0 230.0 535.7 145.2 4.26
57 L. violaceus Lubb. 7.1 7.1 — — — — — 2.0 0.05 — — — — _ — — — — 90,0 _ _ 15.0 0.44
58 Pseudosinella immaculata (Lie Pett.) 14.3 14.3 10.0 137.5 90.0 55.6 227.3 78.4 1.77 80.0 — — — 20.0 1.84 50.0 7.1 — 20.0 30.0 92.9 33.3 0.98
59 Pseudosinella alba (Pack.) — 85.7 60.0 75.0 110.0 22.2 290.9 92.0 2.07 80.0 90.0 60.0 12.5 60.7 5.57 28.6 128.5 10.0 — 30.0 _ 32.9 0.96
60 P. zygophora (Börn.) — — — — — - — — — — — — — — — 7.1 — — — — — 1.2 0.03
61 Neelus murinus Fols. — - — — — 22.2. 31.8 7.7 0.17 — — — — — — — — _ — — 14.3 2.4 0.07
62 Megalothorax minimus Will. — — — - — - 195.5 27.9 0.63 — — — — — — 14.3 _ — _ — 14.3 4.8 0.14
63 Sphaeridia pumillis (Kraus.) 442.7 685.4 — — — 488.9 395.5 287.5 6.49 — 60.0 — — 15.0 1.38 35.7 71.4 — — — — 17.9 0.52
64 Arrhopalites caecus (Tullb.) 28.6 21.4 — - 30.0 — — 11.4 0.26 40.0 — — — 35.0 3.22 — — — — — 35.7 5.9 0.17
65 Sminthurinus niger (Lubb.) - — 20.0 - — - - 2.9 0.06 50.0 10.0 — — 15.0 1.38 — — 70.0 — — 14.3 14.1 0.41
66 S. aureus (Lubb.) 357.0 399.8 130.0 175.0 500.0 1083.3 986.4 518.8 11.71 80.0 100.0 — 12.5 48.1 4.42 806.8 414.1 180.0 110.0 — 678.6 364.9 10.70
67 Bourletiella hortensis (Fitch) 28.6 50.0 — - — - 31.8 15.8 0.36 — — — — — — 57.1 28.6 — — — — 14.3 0.42
68 Bourletiella lutea (Lubb.) — — - - — 116.7 — 16.7 0.38 50.0 — — — 12.5 1.15 — 28.6 — — — — 4.8 0.14
69 Deuterosminthurus repandus (Agren) 78.5 21.4 - - 322.2 68.2 70.0 1.58 — — — — — _ 21.4 — — — — 35.7 9 5 0.28
70 Sminthurus viridis (L.) 28.6 — — — — - 4.1 0.09 - - - — - - 14.3 14.3 - - - - 4.8 0.14

Total density 3948.8 3783.8 2230.0 3736.5 3080.0 7048.8 7217.6 4435.0 100.00 780.0 660.0 2440.0 471.0 1087.8 100.00 4048.2 6033.5 630.0 1130.0 1200.0 7428.3 3411.7 100.00
Number of species 29 28 17 24 24 26 44 16 12 19 12 3029 34 15 22 16 28
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SPECIES COMPOSITION

In urban green areas of Warsaw, a total of 70 springtail species were recorded 
(Tab. 1). In parks, 64 species were found, in green areas of housing estates, 32 spe­
cies, and in streetside green, 54 species. The greatest number of species was noted 
in the Park of Culture and Leisure (47) and in the park at the Cemetery of Soviet 
Soldiers (38 species). The number of species recorded from the Łazienki Park and 
the Saxon Garden was lower by half (26 and 24, respectively).

In lawns of housing estates both loosely (Wierzbno) and closely (M.D.M.) 
built, 19 species were recorded. In small patches of bare ground around lindens at 
Konstytucji Square there were 12 species. The largest amount of species in streetside 
green was recorded from Żwirki i Wigury Avenue, 34 species from the streetside 
lawn and 29 species from the interlane lawn (a total of 43 species). On the remaining 
plots, the following numbers of species were noted: Zbawiciela Square, 28 species, 
Marszałkowska Street, 22 species, Woronicza Street, 16 species, and Ujazdowskie 
Avenue, 15 species (Tab. 1).

In parks, the most abundant species was Isotoma viridis, a species typical of 
open areas. Also eurytopic species were abundant, such as Isotoma notabilis, Smin- 
thurinus aureus, Sphaeridia pumilis, and Lepidocyrtus lanuginosus. Parks were the 
only sites where polytopic species typical of forests occurred, such as Onychiurus 
granulosus (the Park of Culture and Leisure), Orchesella bifasciata (Cemetery of 
Soviet Soldiers, Łazienki), and Xenylla brevisimilis (the Park of Culture and Leisure), 
a very rare species so far recorded only from Kampinoska Forest by Kaczmarek 
(1973) and from the Pieniny Mountains by Weiner (1981). Other species limited 
only to parks comprised conticophilous Entomobrya corticalis (the Cemetery of 
Soviet Soldiers, Łazienki), xerophilous Xenylla grisea (the Park of Culture and 
Leisure), usually occurring near human settlements, myrmecophilous Cyphoderus 
bidenticulatus (Saxon Garden), so far known from only one site in Poland (Ste- 
r z y ń s k a  1982), and xerophilous Schoetella ununguiculata (Łazienki), associated 
with open habitats.

A different species composition was observed in the communities from lawn of 
housing estates. The most abundant species was Cryptopygus bipmctatus, a polytopic 
species typical of open habitats. Other abundant species included eurytopic Isotoma 
notabilis, Hypogastrura vernalis, an oligotopic species typical of open habitats with 
alkaline soils, Mesaphorura krausbaurei, and Pseudosinella alba, a polytopic species 
preferring open habitats. No species limited only to green of housing estates was 
recorded from the study plots.

The most abundant species in streetside green was Isotoma notabilis. Other 
abundant species were Isotoma viridis and Cryptopygus bipunctatus (both polytopic 
species of open habitats), and Sminthurinus aureus (eurytopic). Only in the streetside 
green such species as Entomobrya multifasciata (an oligotopic species associated 
with open habitats, xero- and thermophilous), Neotullbergia ramicuspis (the species
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not recorded so far from Poland, captured at Woronicza Street and on the isolated 
interlane lawn at Zbawiciela Square) were noted.

In urban green areas of Warsaw, the absolutely constant species (75% <  C <  
100%, according to the four-degree T is c h le r  scale) consisted of Isotoma notabilis, 
Cryptopygus bipunctatus, and Isotoma viridis (C =  94%), Pseudosinella alba, Ony- 
chiurus armatus s. Stach, and Sminthurinus aureus (C =  88%), and Pseudosinella 
immaculata, Lepidocyrtus cyaneus, and Isotomodes productus (C =  76%). The group 
o f constant species (50% <  C <  75%) was made up of Lepidocyrtus lanuginosus 
and Isotomiella minor (C =  70.5%), Mesaphorura krausbaueri, Stenophorura qua- 
drispina, Folsomia quadrioculata, and Cyphoderus albinus (C =  65%), as well as Ento- 
mobryides myrmecophilus (59%), and Lepidocyrtus lignorum (53%). The largest group 
o f the absolutely constant and constant species was represented by eurytopic species 
( Isotoma notabilis, Isotomiella minor, Folsomia quadrioculata, Lepidocyrtus lanugi­
nosus, and Lepidocyrtus lignorum) and the species typical of open habitats such as 
crop fields and meadows (Stenaphorura quadrispina, xerophilous Isotomodes pro­
ductus and Pseudosinella alba, and Isotoma viridis, a species abundant in early-suc- 
cessional communities, by many authors considered as a hygrophilous species asso­
ciated with meadows). A high constancy in the study habitats was characteristic of 
myrmecophilous species such as Cyphoderus albinus and Entomobryides myrme­
cophilus, and also of synanthropic species such as Cryptopygus bipunctatus (a south- 
European species rarely recorded from non-urban habitats) and Pseudosinella im­
maculata (a troglophilous species). The group of accessory species (25% <  C <  
50%) consisted of 22 species. The most constant species in this group were Folsomia 
fimetaria (47%) and Cryptopygus termophilus (41%). The group of accidental species 
(C <  25%) comprised 36 members.

The similarity of springtail communities from the study plots in Warsaw was 
analysed by means of S o re n s e n  index (qualitative similarity) and B ray  and C u r t i s  
index (quantitative similarity)3. The similarity of the species composition between 
springtail communities, as measured by S o re n se n  index, largely varied from 0.18 to 
0.73, with a mean of 0.51. The most similar species composition was found for the 
communities from the park plots and the plots adjacent to parks, e.g., between the 
communities from the Saxon Garden and Marszałkowska Street (index 0.72), 
or between the communities in the transect in the park at the Cemetery of Soviet 
Soldiers and that at Żwirki i Wigury Avenue (mean index 0.64). A high similarity 
in the species composition was also found for Wierzbno II and Łazienki II (0.73). 
The lowest similarity was found between springtail communities from the streetside 
lawn at Ujazdowskie Avenue and the Park of Culture and Leisure I (0.18), and from 
the same streetside lawn and the Cemetery of Soviet Soldiers I and II (0.22 and 0.33). 
The most distinct communities occurred at Konstytucji Square, Ujazdowskie Avenue, 
and the Park of Culture and Leisure 1 (Tab. 2).

3 A modified S o ren sen  index, in which the number of species is replaced by the number 
o f individuals of these species.
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Table 2. Diagram of similarity in the species composition (Sorensen index) of springtail commu­
nities in urban green of Warsaw)

The quantitative similarity of springtail communities, as measured by B ray 
and C u r t i s  index, largely varied between 0.19 and 0.95, with a very high mean of 
0.69 (Tab. 3). The highest values of the similarity index were found for the commu­
nities from the two plots in the park at the Cemetery of Soviet Soldiers, from street- 
side plots adjacent to this park (Żwirki i Wigury Avenue), and from the isolated 
lawn at Zbawiciela Square (mean index 0.92). Also the communities from the park 
plots at the Łazienki Park and the Saxon Garden and from the interlane plots at 
Marszałkowska Street were very similar (mean index 0.91). The lowest similarity



8 M ARIA STERZYŃSKA

Żwirki i Wigury 
Ave II

0 . 8 0

0.82Zbawiciela Sq 0.88

Żwirki i Wigury 

Ave I

Cem.of Soviet 
Soldiers I

Łazienki I

Saxon Garden II
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Soldiers II

Marszałkowska St
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Wierzbno I

Woronicza St

Culture and 
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Table-3. Diagram of quantitative similarity (Bray and C urtis  index) for springtail communities
in urban green of Warsaw

was found for the communities from the streetside plots at Woronicza Street and 
Ujazdowskie Avenue (0.19).

The most distinct springtail communities occurred at Konstytucji Square, Ujaz­
dowskie Avenue, Woronicza Street, and the Park of Culture and Leisure. Similarity 
in the species composition was high only for the communities from large parks and 
adjacent plots. The quantitative similarity revealed that springtail communities 
of urban green are much more uniform, especially in parks. The high values of 
B ra y  and C u r t i s  index for the communities from the parks and the streetside plots
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adjacent to parks, and also from other plots, resulted from a high density of the 
dominant species. Using the two indices, it has also been found that the similarity 
of the communities from the green of housing estates and some streetside plots 
was very low. This was probably related to differential habitat conditions such as 
cover of woody vegetation and sward, age, physico-chemical soil properties, or 
intensity of urban pressure.

DENSITY

The average density of springtails in urban green of Warsaw was 3.96 thousand 
of individuals/m2. There were 4.43 thousand of individuals/m2 in parks, 3.41 tho­
usand/m2 in streetside green, and 1.09 thousand/m2 in green of housing estates. 
The highest springtail density of 7.42 thousand of individuals/m2 was noted on the 
isolated interlane plot at Zbawiciela Square. A similar density of about 7.13 tho­
usand/m2 was found on lawns of the Park of Culture and Leisure. The lowest den­
sity was noted in the centre of the town at Konstytucji Square (0.47 thousand of 
individuals/m2).

To identify the effect of different factors of human pressure on springtail co­
mmunities, their densities were regressed on soil moisture, pH, and pollution of 
surface soil layers with heavy metals such as lead, zinc, copper, and cadmium4. 
It has been found that zinc and copper have a significant effect of springtail densities 
(correlation coefficients were 0.64 and 0.61, respectively at 0.02 <  P <  0.03). The 
effect of lead was not significant (correlation coefficient 0.45). This was also the 
case as regards other anthropogenic factors. It is possible, however, that the number 
of study plots was too small, or that their effect was obliterated by other factors.

COMMUNITY TYPES

Distinct springtail communities occurred in green habitats of Warsaw (Figs. 1 
and 2). There were two community types in parks. One in Łazienki, which is an old 
park. The dominant species in this community were Lepidocyrtus lanuginosus, 
L. lignorum (both eurytopic) and Cryptopygus bipunctatus (a polytopic species ty­
pical of open habitats). The other community type occurred in the young park at 
the Cemetery of Soviet Soldiers and in the Park of Culture and Leisure. It was 
co-dominated by Isotoma notabilis, Sphaeridia pumilis, and Sminthurinus aureus 
(eurytopic species).

The community in the Saxon Garden, which is a very old park, reconstructed 
after World War II, nowadays located in the centre of the town on a typically an-

4 Data after K ub icka et al. (1985).
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thropogenic, rubble soil, was dominated by Sminthurinus aureus, Isotomiella minor, 
Isotoma viridis, and Cryptopygus bipunctatus. This community was of an intermediate 
character between the two earlier described. The Saxon Garden was the only one 
where Isotomiella minor, an eurytopic species, was in the group of dominants. As 
a subdominant species it occurred in the Łazienki Park (plot I) and the Park of 
Culture and Leisure (plot II).

Wierzbno I MDM I
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+9c/i3O

O
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Fig. 2. Dominance structure of springtai! communities in green of housing estates and streetside
green of Warsaw

Distinct communities occurred in housing estates. The dominant species on 
the open, heavily trampled lawn Wierzbno 1, was Arrhopalites caecus, a xerophilous, 
soil species typical of open habitats, mostly crop field. The co-dominant species 
were Sminthurinus aureus (eurytopic, occurring on herbaceous plants), Pseudo- 
sinella alba (xerophilous, typical of open habitats), and Pseudosinella Immaculata 
(troglophilous, probably synanthropic in urban green). In the centre of the town, 
two communities were distinguished. One (M.D.M. I) was dominated by Crypto-
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pygus bipunctatus, Isotoma notabilis, and Hypogastrura vernalis (an oligotopic spe­
cies living in open habitats with alkaline soils). The other community (at Konsty­
tucji Square) was co-dominated by Mesaphorura macrochaeta (probably a eurytopic 
species), Proisotoma minuta (eurytopic), Stenaphorura quadrispina (polytopic, ty­
pical of open habitats), and Isotoma notabilis and Folsomia quadrioculata (both 
eurytopic). Only the community from Wierzbno II, which was well managed, wooded, 
with a dense herb layer, was similar to the communities from young parks (Figs. 
1 and 2).

Springtail communities from streetside and interlane green at Żwirki i Wigury 
Avenue (plots I and II) were similar to those from the nearby park at the Cemetery 
of Soviet Soldiers. The community from streetside green in Ujazdowskie Avenue 
(close to the Łazienki Park) differed from the communities in parks. It was dominated 
by Sminthurinus aureus, Lepidocyrtus lignorum, and Metaphorura affinis (a polytopic 
species living in open habitats). The subdominant species was Folsomides parvulus 
(a xerophilous species typical of open habitats). The community from the interlane 
plot at Marszałkowska Street was dominated by Lepidocyrtus lignorum and Cryp- 
topygus bipunctatus. This community was similar to that in the Saxon Garden, 
and also to the community in the isolated interlane plot at Zbawiciela Square. 
The community from Zbawiciela Square was dominated by Cryptopygus bipunctatus, 
Isotoma notabilis, and I. viridis. Still another community type occurred in the street­
side plot at Woronicza Street. It was dominated by Entomobryides myrmecophilus 
(a myrmecophilous species), Lepidocyrtus cyaneus, and Brachystomella parvula 
(species characteristic of open habitats). This community largely differed from the 
ones occurring in the nearby housing estate (Wierzbno I and II).

Springtail communities in parks were dominated by eurytopic species, or by the 
species associated with open habitats. A frequent dominant was the hygrophilous 
species Isotoma viridis. Synanthropic species such as Cryptopygus bipunctatus and 
Pseudosinella immaculata appeared in them. Lack of leaf litter eliminated the species 
associated with forests from this community. Also the communities from housing 
estates and streetsides were dominated by the species typical of open habitats and by 
eurytopic species. In contrast to the communities from open habitats, they were 
more often dominated by xero- and thermophilous species such as Arrophalites 
caecus, Pseudosinella alba, and Folsomides parvulus. In all the types of urban green 
under study, the community type and its dominance structure were strongly affected 
by sward depth, type of plant cover, shrubs and trees, and, consequently, by the 
degree of insolation and soil moisture. In the case of streetside green, the neigh­
bourhood of a large green complex, e.g., a park, was important.

ECOLOGICAL ANALYSIS

The ecological analysis of springtail communities is similar to that presented in 
the paper on species composition and origin of the fauna of Warsaw (S te rz y ń sk a  
1982). It involves the ecological amplitude of springtails and their habitat prefe-
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rences, taking into account species composition and proportion of different ecolo­
gical elements (Tabs. 4, 5, and 6).

In springtail communities from parks, the highest proportions in terms of the

Table 4. Proportion of elements with differential ecological amplitudes and habitat preferences 
in springtail communities from various types of urban green; N —number of species, d —density

in number of individuals/m2

1 Element
Synanthropic Eurytopic

Polytopic [ Oligotopic
Unknown

preferencesType 
of green

forest open
areas

forest open
areas

Parks N 4.7 37.5 7.8 20.3 4.7 14.1 10.9

d 0.1 59.0 0.3 11.3 0.4 25.0 3.9

Green of housing 
estates

N 3.0 54.6 - 24.2 - 9.1 9.1

d 0.2 44.9 - 41.4 - 11.1 2.4

Streetside green N 1.9 40.5 1.9 23.1 1.9 19.2 11.5

d 0.1 51.8 0.1 26.7 0.1 18.8 2.4

Table 5. Proportions of elements with differential moisture requirements in springtail communities 
from various types of urban green; N —number of species, d—density in the number of individuals/m2

1 Element
Hygrophilous Mesohygrophilous Xerophilous Unknown

preferencesType of green |

Parks N 6.3 56.2 29.7 7.8

d 22.7 67.7 7.6 2.0

Green of housing N 9.1 66.6 18.2 6.1
estates d 8.5 68.1 22.9 0.5

Streetside green N 9.6 53.9 26.9 9.6

d 18.1 72.6 8.1 1.2

Table 6. Proportion of elements associated with different soil layers in springtail communities 
from various types of urban green; N — number of species, d — density in the number of individuals/m2

1 Element
Euedaphie Hemiedaphie Epigean

Type of green |

-
Parks N 43.8 35.9 20.3

d 26.1 50.1 23.8

Green of housing estates N 48.5 36.3 15.2

d 45.4 42.8 11.8

Streetside green N 42.3 36.5 21.2

d 26.1 57.4 16.5
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number of species were found for poly- and oligotopic species associated with open 
habitats (42.4%), including as many as 28.3% for polytopic and 14.1% for oligotopic 
species. Also the number of eurytopic species was high (37.5%). The number of poly- 
and oligotopic species associated with forests was 12.5%. In springtail communities 
from green of housing estates, the highest number was noted for eurytopic species 
(54.6%) and for the species typical of open habitats (33.3%). Species typical of forests 
were absent. In streetside green, like in parks, the number of poly- and oligotopic 
species typical of open habitats was highest (42.3%). The number of eurytopic 
species was 40.5%, and that of forest species, 3.8%.

In terms of the number of individuals representing the ecological elements di­
stinguished, the highest proportions in parks were noted for eurytopic species (59%), 
then for poly- and oligotopic species typical of open habitats, which accounted for 
36.3%, of which 25.2% were represented by oligotopic species typical of open 
habitats. The proportion of forest springtails was very low (0.7%). In the communi­
ties from green of housing estates, the highest proportions were noted for the species 
associated with open habitats (52.5%). The proportion of eurytopic species was 
similar (44.9%). In springtail communities from streetside green, eurytopic species 
accounted for 51.8%, poly- and oligotopic species associated with open habitats 
for 45.5%, and poly- and oligotopic species associated with forests for only 0.2% 
(Tab. 4).

Thus, the number of poly- and oligotopic species associated with open habitats 
was the highest (relatively) in the communities from parks and streetside green; 
in the streetside green, the number of eurytopic species was the highest. The species 
typical of forests were eliminated from urban communities. They were replaced 
by the species associated with open habitats and by synanthropic species. With 
respect to the number of individuals, eurytopic, and poly- and oligotopic species 
associated with open habitats showed highest proportions in parks and streetside 
green. In parks these were mostly oligotopic species associated with open habitats, 
and in streetside green, polytopic species associated with open habitats. Green 
o f  housing estates was dominated by a group of species associated with open ha­
bitats, but these were mostly polytopic species. The proportion of eurytopic species 
was also high.

Humidity belongs to important abiotic factors influencing the species compo­
sition and structure of springtail communities and their distribution in the habitat. 
The communities from parks were dominated by mesohygrophilous species (56.2%). 
Xerophilous species accounted for 29.7% and hygrophilous species for 6.3%. The 
communities from green of housing estates were also dominated by mesohygrophilous 
species (66.6%). The number of xerophilous species was 18.2%, and of hygrophilous 
species, 9.1%. In the communities from streetside green, mesohygrophilous species 
accounted for 53.9%, xerophilous, for 26.9%, and hygrophilous, for 9.6% of all the 
species.

With respect to the number of individuals, springtail communities from all the
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types of urban green were dominated by mesohygrophilous species. In the communities 
from parks, hygrophilous springtails accounted for 22.7%, and xerophilous species 
for 7.6%. Tn the green of housing estates, xerophilous species accounted for 22.9% 
of the community and hygrophilous species for merely 8.5%. In streetside green, 
the proportion of hygrophilous species was 18.1% and of xerophilous species, 
8.1% (Tab. 5).

Thus, the number of mesohygrophilous species was the highest in the communities 
from parks, housing estates, and streets. The numbers of xerophilous and hygro­
philous species were miich lower. As regards the number of individuals, mesohygrophi­
lous species also had the highest proportions in springtail communities of all the types 
of urban green. In parks and streetside green, besides mesohygrophilous species, the 
proportion of hygrophilous species was also very high, and the proportion of xero­
philous species was low. Such a high proportion of hygrophilous species at a rela­
tively low number of these species was due to the very high abundance of Isotoma 
viridis. In green of housing estates, the proportions of hygrophilous and xerophilous 
species were opposite to those in parks and streetside green. The proportion of 
xerophilous species in the latter habitats was three times higher than that of hygro­
philous species.

An analysis of springtail preferences for different soil layers revealed that the 
number of edaphic species was the highest in all types of urban green (Tab. 6). 
Also the number of hemiedaphic (living in leaf litter) species was high. The number 
of epigean species was low. As regards the number of individuals, the highest pro­
portions in parks and streetside green were found for hemiedaphic springtails. 
In green of housing estates, the proportion of edaphic species was much higher 
than in other types of urban green (Tab. 6).

In parks and streetside green, the proportions of different ecological groups in 
springtail communities were similar. This was not the case, however, of the com­
munities from green of housing estates, where the proportions of xerophilous and 
edaphic springtails were much higher. The forest species were absent.

CONCLUSIONS

There were 70 springtail species recorded from urban green of Warsaw. .In 
parks, 64 species were noted, accounting for 91.4% of the Collembola of urban green. 
The richest habitats were relatively young parks (the Park of Culture and Leisure 
and the park at the Cemetery of Soviet Soldiers), where 80% of the urban spring­
tails were found (56 species). In green of housing estates, 33 species were noted 
(47.1%), and in streetside green, 54 species (77.1%), including as many as 45 species 
(64.3% of the fauna) in streetside green adjacent to large parks.

The most constant species in urban green comprised Isotoma viridis, I. notabilis, 
Cryptopygus bipunctatus, Lepidocyrtus cyaneus, Sminthurinus aureus, Isotomodes 
productus, Onychiurus armatus s. Stach, Lepidocyrtus lanuginosus, Isotomiella minor,
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Mesaphorum krausbaueri, Stenaphorura quadrispina, Folsomia quadrioculata, Cy- 
phoderus albinus, Entomobryides myrmecophilus, and Lepidocyrtus lignorum. They 
represent eurytopic species, species characteristic of open habitats (crop fields, 
meadows), myrmecophilous species, and synanthropic species.

The communities from plots located with in particular study areas, e.g., parks, 
had the highest similarity of species composition. Also the communities from streetside 
lawns were similar to those from parks. The communities from the plots with site 
conditions atypical for urban green areas, high humidity and soil covered with litter 
practically all the year round (for example the community of Collembola from the 
Park of Culture and Leisure), characterized by a high density and large number of 
species were the most different. Intensified action of anthropogenic factors, too, 
resulted in advanced degradation of ecological conditions (lack of sward, high 
concentrations of heavy metals, increased salinity and decreased humidity of the 
soil). In effect, the communities of Collembola on such sites are much improverished, 
for example, the communities from Ujazdowskie Avenue and the Konstytucji 
Square.

Community abundance can be treated as a measure of the modification of urban 
zoocoenoses. In the urban green areas under study, the highest springtail densities 
were found in parks and in streetside green (4.43 and 3.41 thousand individuals/m2, 
respectively). In green of housing estates, springtail density was 1.09 thousand 
individuals/m2. Their abundance was affected by some heavy metals (zinc and cop­
per) in soil. Other factors of anthropogenic pressure (soil overdrying, alkalization, 
and pollution with lead) had no noticeable effects, but it could have been a result 
of a compensatory effect of other environmental factors. Also morphological and 
physiological adaptations of springtails could be important. Two detoxicating 
mechanisms are known in springtails. One is the regulation of consumption, e.g., 
through storing different amounts of energy in spring and autumn communities, 
hibernation (T e s te r in k  1983), or temporary starvation (U sh er et al. 1982). The 
other goes through the activation of ’’intestinal cells,” functionning like chlorago- 
cytes in earthworms (Josse  and V e rh o e f  1983).

Two types of springtail communities can be distinguished in urban parks. One 
is dominated by Lepidocyrtus lanuginosus, L. lignorum, and Cryptopygus bipunctatus, 
and it occurs in old parks. The other one is dominated by Isotoma viridis, 1. notabilis, 
and Sphaeridia pumilis, and it occurs in young parks.

Cryptopygus bipunctatus is an absolutely constant species in springtail commu­
nities from green of Warsaw, and it is clearly expansive in green of housing estates 
and in streetside green. Its occurrence in an old park established on a forest site 
provides evidence that local communities undergo synanthropization under urban 
pressure. Isotoma viridis is an early successional species associated with open habitats 
(U sh er et al. 1982). It predominates in much younger parks, established on ancient 

farms.
The communities from green of housing estates and from streetside green were
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dominated by variable species, this being probably due to a large diversity of en­
vironmental conditions in these habitats. Only the groups od dominant species 
from streetside green adjacent to parks were similar to the respective communities 
from these parks.

Springtail communities in urban green were dominated by poly- and oligotopic 
species associated with open habitats, and also by eurytopic species. These groups 
were represented by the highest number of species and individuals. The number 
o f  the species associated with forests was the highest in parks (12.5%) and much 
lower in streetside green (3.8%). They did not occur in green of housing estates. 
The number of individuals in the group of the species associated with forests accoun­
ted for 0.7% of the community in parks, and for 0.2% in streetside green. In spring- 
tail communities from all the types of urban green, then umber of mesohygrophilous 
species was the highest (from 54% to 67%). The proportion of individuals of these 
species exceeded 68%. The number of xerophilous species was rather high, and in 
parks it was about 30%, in streetside green, 27%, and in green of housing estates, 
18%. The number of hygrophilous species was the lowest (6—10%). As regards 
the number of individuals, the communities from parks and streetside green were 
dominated by hygrophilous species, and the communities from green of housing 
estates were dominated by xerophilous species. Moreover, urban communities of 
springtails mostly consisted of edaphic species. Hemiedaphic species were also well 
represented, and the number of epigean species was low (6—10%). As regards 
the number of individuals, the communities from parks and streetside green were 
dominated by hemiedaphic species. Only in the green of housing estates, the pro­
portion of edaphic species was twice as high as in parks or streetside green (about 
50% of the communities). This can be attributed to a large modification of envi­
ronmental conditions there (heavily overdried soil, poor sward, heavy insolation, 
trampling, etc.). Under such conditions, only springtails adapted to poor and simple 
diet can survive. Deeper soil layers are less affected by changes in environmental 
conditions than surface layers, and the organisms living there have a relatively high 
chance of surviving in this generally unsuitable habitat.

Polska Akademia Nauk
Instytut Zoologii
ul. Wilcza 64, 00-679 Warszawa
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STRUKTURA ZGRUPOWAŃ SKOCZOGONKÓW (COLLEMBOLA) ZIELENI MIEJSKIEJ
WARSZAWY

STRESZCZENIE

W ramach badań prowadzonych przez Instytut Zoologii PAN nad zoocenozami miejskimi 
analizowano skład gatunkowy i strukturę zgrupowań Collembola występujących w zieleni War­
szawy. Badania prowadzono w parkach, osiedlach mieszkaniowych i zieleni ulicznej. Łącznie stwier­
dzono występowanie 70 gatunków skoczogonków; 64 w parkach, 33 w osiedlach i 54 przy ulicach. 
Gatunkami absolutnie stałymi i stałymi w urbicenozie są: Isotoma viridis, 1. notabilis, Cryptopygus 
bipunctatus, Pseudosinella alba, P. immaculata, Lepidocyrtus cyaneus, Isotomodes productus, Ony- 
chiurus armatus s. Stach, Sminthurinus aureus, Lepidocyrtus lanuginosus, Isotomiella minor, Mesa- 
phorura krausbaueri, Stenaphorura ąuadrispina, Folsomia ąuadrioculata Cyphoderus albinus, Ento- 
mobryides myrmecophilus i Lepidocyrtus lignorum.

Składy gatunkowe i struktura zgrupowań z poszczególnych stanowisk, a także różnych typów 
zieleni Warszawy są na ogół podobne. Wyodrębniają się jedynie zgrupowania ze stanowisk odzna­
czających się specyficznymi warunkami siedliskowymi, np. silnie ocienionych, z dużą ilością opadłej 
ściółki, a także silnie skażonych metalami ciężkimi.

W zgrupowaniach w zieleni parkowej i ulicznej najwięcej jest gatunków politopowych i oligoto- 
powych związanych z terenami otwartymi, natomiast w zieleni osiedlowej największy udział mają 
gatunki eurytopowe. We wszystkich typach zieleni miejskiej Warszawy przeważają gatunki mezo- 
higrofilne i edaficzne. Pod względem liczby osobników największy udział w zgrupowaniach mają 
skoczogonki eurytopowe oraz poli- i oligotopowe terenów otwartych oraz mezohigrofilne i hemie- 
daficzne (jedynie w zgrupowaniach z zieleni osiedlowej nieznacznie dominują osobniki z grupy 
gatunków edaficznych).

Zależnie od grupy gatunków dominujących wyodrębniono dwa typy parkowych zgrupowań

2 — structure of the fauna



18 M ARIA STERZYŃSKA

Collembola. Pierwsze, charakterystyczne dla parków starych, z dominantami: Lepidocyrtus lanugi- 
nosus, L. lignorum, Cryptopygus bipunctatus i drugie, charakterystyczne dla młodych parków, z do­
minantami : Isotoma viridis, I. notabilis, Spaeridia pumilis. Isotoma viridis to gatunek związany z te­
renami otwartymi, wilgociolubny, zaliczany do form wczesnosukcesyjnych. Zieleń osiedlowa i zieleń 
uliczna nie mają sobie właściwych, stałych typów zgrupowań skoczogonków. Charakterystycznym 
dla nich gatunkiem jest Cryptopygus bipunctatus. Zgrupowania ze stanowisk ulicznych położonych 
w sąsiedztwie parków są podobne do zgrupowań z tych parków.

CTPyKTYPA KOMIUIEKCOB HOTOXBOCTOK (COLLEMBOLA) 
rOPOflCKMX 3EJIEHMX HACAvKflEHMM BAPIIIABbl

PE3IOME

B paMKax HCCJieaoBaHHH, npoBOflHMbix ÜHCTHTyroM 3ooJionffi ITAH no ropoflCKHM 300- 
ueH03aM, npoaHajm3HpoBanH bh,hoboh cocrraB h CTpyKTypy KOMnjieKCOB Collembola, BCTpena- 
wmHXCH B ropoflCKoß 3ejieHH BapmaBfci. HccjieflOBaHM 6 mjih npoBe/jenbi b napxax, jkhjibix paiio- 
Hax H yjiHMHbix HacaayfeHHHx. Bcero KOHCTarapoBano 70 bh#ob hofoxboctok: 64 b napxax, 33 
b HCHjiBtx paiioHax h 54 Ha yjnjqax. K BHuaM BCTpeHaioutHMCH aöcomoTHo iioctohhho h iiocto- 
HHHMM B yp6HueH03ax othocstch: Isotoma viridis, I. notabilis, Cryptopygus bipunctatus, Pseudo- 
sinella alba, P. immaculata, Lepidocyrtus cyaneus, Isotomodes productus, Onychiurus armatus s. 
Stach, Sminthurinus aureus, Lepidocyrtus lanuginosus, Isotomiella minor, Mesaphorura krausbaueri, 
Stenaphorura quadrispina, Folsomia quadriculata, Cyphoderus albinus, Entomobryoides myrmeco- 
philus H Lepidocyrtus lignorum.

BHflOBoń cocTaB H crpymrypa KOMnneKCOB b  O T fle jib H tix  n y H K T ax , a  T aioK e p a 3 H b ix  Tunax 
ro p o flC K o K  3ejieHH b  o c h o b h o m  c x o ä h h .  B w ^ e j i a w T c a  t o j t ł k o  K O M njiexcb i m3 nyHKTOB, o T jn w a -  

jo iu h x c h  cn e u j-u jn n ecK H M H  ycjioBHHMH cpexo>i, Kan, H a n p a M e p ,  o n e m .  3aT eH eH H bix , c  6 o j ib u in M  

KOJIHHeCTBOM nOflCTHJIKH H3 O naBIlIH X  HHCTbeB, a  TaK/Ke CHJIbHO 3arp«3H eH H bIX  TflaCejIblMH M e- 

TanjiaMH.
B KOMnjieKcax H3 napKOB h  yjiMHoft 3ejieHH Bcrpe'iaeTca 6oju>me BCero nojiMTonnbix h  ojih- 

roTonHbix BHflOB, npHyponeHHhix K OTKpbiTbiM iipocTpaHCTBaM, B t o  BpcMH KaK B 3ejieHbix Hacaac- 

fleHHflX '/KH-Ibtx paitOHOB HaHÖOJIbinHÄ npOqeHT 3aHHMaK>T SBpHTOnHbte BHflbl. Bo Bcex Tffliax 

ropoflCKoił 3eneHH BCTpenaioTCti npcHMymecTBCHHo Me30 (j)Hin>HHe h  3jti(})H4eCKHC bh^m. C tohkm 

3peHHH HHCjieHHOCTH o co 6 eił iianóojiee bhcokhm  coaepaeamieM b KOMnjieKcax xapaKTeproyiOTCH 

3BpHTonHbie, a  TaK>Ke nojiH- h  OJmroTonHLie HoroxBocTKH o tk p h tm x  npocTpaHCTB u 3flacj)Hjibiibie 

H reMH3Jta<j)HjibHbie BHflbi (e^HHCTBeHHo b KOMnjieKcax m  ’ie.ieiiH jkhjilix paftonoB ue'sifaraTejibno 

flOMHHupyioT o co 6 h  h  rpyirnw 3Apa<j)mecKnx bmaob).

BbifleneHO flBa Tana napKOBbix KOMiuieKCOB Collembola b 3aBHCHM0CTH o t rp y n n b i  aomhhh- 
pyfoniHX bh«ob. nepBbüt, xapaKTepHbiii fljra  C T apw x napKOB, c floMHHaHTHMn: Lepidocyrtus lanu­
ginosus, L. lignorum, Cryptopygus bipunctatus h btopoh, xapaKtepHbiä nnn mojioamx napKOB, 

c flOMHiiaHTaMii: Isotoma viridis, I. notabilis, Sphaeridia pumilus. Isotoma viridis—sto  bha, npnypo- 
H eH H bM  K OTKpbiTbiM npOCTpaHCTBaM, BJia3KHOJlK>6iHBbIH, npHHHCJMeMHÄ K (JiopMaM pamieft CyK- 

iieccim. 3ejient acHjibix p a iio n o B  h  y jnw H bix  n a c a x v ie n n i i  hs hmwot CBoiiCTBeimbix mm, iioctohh- 
Hbix T unoB  KOMnjieKCOB HoroxBOCTOK. XapaKTepHbiM a n a  hhx bhaom HBjweTca Cryptopygus bi- 
pimctatus. KoMnneKCbi H3 yjiHWHbtx HacaacfleHHft, H ax o flam u x cfl no coceflCTBy c napxaM H , cxojjhm 
C KOMIIJieKCaMH H3 3THX napKOB.


