
ABSTRACT: The studies on the role of
recently established shelterbelts as refuges avail-
able for wintering insects were carried out in the
years 1994–2002. Soil and litter samples were
taken (the material being sorted manually) from
five young (up to 7 years old) and two older mid-
field shelterbelts, from the ecotone zones and
from the adjacent croplands. 

A high numbers (250–400 ind. m–2) of
insects, which biomass varied between 950 and
2300 mg dry wt. m–2, were found to overwinter
in young (4–7 years old) shelterbelts. The
insects formed communities (dominated by
Coleoptera) represented by over 50 families. 

Effects of the shelterbelt’s age, the presence
or absence of litter, specific composition of trees
and the location of sampling plots within the
shelterbelt on wintering insects are discussed.

KEY WORDS: wintering insects, shelter-
belts, agricultural landscape, ecotone

1. INTRODUCTION

Long-term studies carried out near
Turew area (West Poland) in diversified
agricultural landscape demonstrated the
importance of refuges (mainly midfield
shelterbelts of various type) for increasing

the diversity and abundance of fauna (Ba-
naszak 1983, Karg 1985, 1996, Karg et
al. 1985, Ryszkowski and Karg 1991,
Karg and Ryszkowski 1996, Ryszkow-
ski et al. 2002). Studies from other regions
of Europe and from other continents con-
firmed the positive role of shelterbelts for
biodiversity and abundance of entomofau-
na in agricultural landscape (Baudry
1988, Paolett i and Lorenzoni 1989,
Malschi and Mustea 1995, Paolett i
2002) as places favourable for overwinter-
ing and survival of often beneficial species
(Dix et al. 1988, Gange and Llewel lyn
1989, Thomas et al. 1994, Wrat ten
1998) and as barriers obstructing the pene-
tration of croplands by harmful species
(Prevost and West 1990).

Few studies pertaining to the role of
shelterbelts as wintering places for insects
were restricted to the assessment of select-
ed groups or species or had a preliminary
character (Karg 1998, Ryszkowski et al.
2002). To fulfil this gap, the long-term stud-
ies were undertaken to evaluate the composi-
tion and abundance of insect communities
wintering in litter and soil of shelterbelts of
different age and of adjacent croplands.
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2. STUDY AREA,
MATERIAL AND METHODS

Studies were carried out in recently
introduced and in old shelterbelts situated
near Turew (West Poland) in the years
1994–2001.

In the first half of the XIX century an
agricultural landscape was formed there.
The landscape was largely mosaic due to
a dense network of midfield shelterbelts of
various type (based on British pattern)
planted by General D. Ch∏apowski, who
then managed these areas (Konieczna
1991, Ryszkowski 1996).
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Fig. 1. Study area (see also Ryszkowski et al. 2003); A–G – studied shelterbelts.



Starting from 1993 the old network of
shelterbelts has been successively supple-
mented by introducing new shelterbelts hav-
ing now over 30 km of length. From among
several young shelterbelts five were selected
for studies: A (“Wyskoç”), B (“Wyskoç B”),
C (“Go∏´bin”), D (“Rogaczewo”) and
E (“Wyskoç C”) (Ryszkowski et al. 2003)
(Fig. 1). All shelterbelts are formed in stri-
pes (from 7 to 11 rows of trees) (see Fig. 2),
their width varies from 10 to 20 m and their
length – from 230 m (B) to 1650 m (D). All
shelterbelts have a diversified tree species
composition (9–21 species, mainly decidu-
ous) forming patches (10–15 trees) replica-
ted along the whole shelterbelt’s length.
They were meridian oriented (for their role
as barriers against erosion caused by mostly
westerly winds) and all joined already exi-
sting permanent landscape fragments like
small woods, clumps of trees and meadows
(for their role as ecological corridors). The
studies began in winter 1994/1995 in the
shelterbelt A planted in autumn 1993. Every
subsequent winter next shelterbelts (B, C,
D and E) were included. So, the oldest shel-
terbelt was studied during seven winters

(1994/1995 – 2000/2001) while the youngest
– during three (1998/1999–2000/2001)
(Table 1).

Insects (larvae, pupae and imagines)
wintering in soil (in a soil sample – size of
9.5 ¥ 9.5 ¥ 9.5 cm) and in litter (taken with
a 30 ¥ 30 cm frame) were evaluated. Two
series of samples were taken every winter
(December and February) in all shelter-
belts (10 soil samples and 20 litter samples
per series) from areas situated within the
shelterbelt and in the middle of its length.
Additionally, samples were collected in the
ecotone zones on the western side of the
shelterbelt and in adjacent fields 10, 50 and
100 m from the edge. Identical analyses
were performed in two old (100–150 years
old) shelterbelts: F (“locust tree shelter-
belt” – Robinia pseudacacia) (6 subsequent
winters) and G (“hawthorn shelterbelt” –
Crategus monogyna) (3 subsequent years)
(Table 1, Fig. 1).

Adjacent fields were almost exclusive-
ly cropped with cereals – rye, triticale
(X Triticosecale rimpaui Wittm.), barley,
maize and only sporadically by other plants
(sugar beet, rape, alfalfa).
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Table 1. Description of studied shelterbelts (see Fig.1).

Shelterbelt Year of Study time Length Width Herb layer Bush layer
planting (winters) (m) (m)

Young shelterbelts*
A 1993 1994/95 – 2000/01 390 16 grass, herbs no bushes
B 1995 1995/96 – 2000/01 230 20 grass, herbs no bushes
C 1996 1996/97 – 2000/01 380 11 grass, herbs no bushes
D 1996 1997/98 – 2000/01 1600 7–14 grass, herbs rich (Ribes sp., Chaenomeles

japonica, Sambucus nigra,
Cornus alba)

E 1998 1998/99 – 2000/01 900 12 grass Rosa rugosa

Old shelterbelts
F ~ 1850 1994/95, 1800 36 scarce grasses scarce Sambucus nigra

1996/97 – 2000/01
G ~ 1850 1998/99 – 2000/01 700 20 no herbs no bushes

* local name: A – “Wyskoç”, B – “Wyskoç B”, C – “Go∏´bin”, D – “Rogaczewo”, E – “Wyskoç C”, F – “locust”, G –
“hawthorn”

Table 2. Mean air temperature (ºC) and monthly sum (mm) of precipitation in the study area.

Winter period month

November December January February March

ºC mm ºC mm ºC mm ºC mm ºC mm

1994/95 5.1 38.4 2.4 64.7 –0.1 35.4 4.3 47.0 3.7 35.4
1995/96 1.5 29.5 –3.7 18.9 –5.1 6.9 –4.0 21.8 0.3 12.9
1996/97 5.7 19.4 –4.0 8.4 –3.8 4.7 2.9 43.5 4.0 14.1
1997/98 2.6 20.1 1.4 35.8 1.5 48.0 4.1 32.9 3.0 45.4
1998/99 –0.5 32.3 –0.6 17.0 0.5 29.9 –1.3 36.3 4.6 82.6
1999/00 2.6 13.1 1.2 30.7 –0.3 24.0 3.4 21.7 4.5 45.3
2000/01 6.1 60.9 2.2 31.2 0.1 11.1 0.8 12.4 2.5 35.5



Winters were mild during the whole
study period, often devoid of snow with
mean temperatures 1.4ºC (November –
March) (Table 2).

To evaluate the effect of species com-
position of tree patches on wintering in-
sects, separate studies were performed in
three subsequent winters (1999/2000 –
2001/2002) in the 7–8 years old shelterbelt
(A). With the methods described above
the samples were collected from areas
encompassing three main types of patches:
those composed entirely of deciduous trees
(oak, birch, elm, linden, poplar, rowan),
mixed patches (mainly with the admixture
of larch and pine) and entirely coniferous
(larch, spruce, pine). Areas of 100 m2

were situated in part of the shelterbelt
adjacent to the forest, 50 m apart, in its
middle part (200 m from the forest) and
350 m from the forest’s edge (Fig. 2).
During three subsequent winters samples
from soil and litter were collected on 38
areas encompassing, in almost equal pro-
portions, three types of studied patches.

Material from soil and litter samples
was handled manually and determined to
order or family (for larvae and pupae) and to
family or genus in the case of adult insects.
Then the results were calculated per unit
area (1 m2). Biomass was calculated upon
the determined weighed individual dry mass
of particular taxa, dried to constant weight in
the temperature 60ºC (Karg 1989).

For statistical calculations ANOVA
method was used.

3. RESULTS

3.1. Insects wintering in the shelterbelts

Taxonomic diversity expressed in the
number of families recorded in insect com-
munities wintering in litter and soil of the
shelterbelts increased with time in subse-
quent winters. In the first year of the shel-
terbelt existence, when there was little litter
or it was absent at all, the number of winter-
ing taxa was low (3–5 on average). With the
production of litter (particularly under conif-
erous trees) the number of wintering insect
families increased. In particular 6–7 years
old shelterbelts over 50 families were recor-
ded (Table 3). Diversity of insects wintering
in litter was generally higher than that of in-
sects in soil. The insect diversity increased
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Fig. 2. The “row” structure and localization of
study patches of trees in the newly established
shelterbelt A (compare Fig. 1, Table 1).



faster in litter in subsequent winters than in
soil. In the youngest shelterbelts (1–3 years
old) there were 55 families of wintering in-
sects while in the oldest shelterbelts (over
100–150 years old) the number was 71.
In all shelterbelts of different age the num-
ber of insect families wintering in soil was
nearly two times smaller than the respective
number in litter (Table 4).

Density (and biomass) of wintering in-
sects in newly established shelterbelts also
increased from year to year and was almost
two times higher in older shelterbelts
(6–7 years old) than in the first winter after
planting (Fig. 3). The differences are more
distinct (statistically significant) for insects
wintering in soil than in litter (P< 0.001).

100–150 years old shelterbelts (F, G)
had more stabilised structure of wintering
insect communities. Both the number of
taxa (families) and the density or biomass
of insects were similar to those noted in
older of the new planted shelterbelts. Mean
density and biomass of insects wintering in
soil and litter of the F shelterbelt were 237.8
ind. m–2 and 716.4 mg dry wt. m–2, respec-
tively and in the G shelterbelt – 464.8 ind.
m–2 and 1201.6 mg dry wt. m–2, respective-
ly (Fig. 4). In old shelterbelts with well
developed and thick litter layer, the contri-
bution of insects wintering in litter was
higher than in younger shelterbelts and
amounted 35% of the density and 18% of
the biomass of all wintering insects while in
the young shelterbelts the values were 20%
and 12%, respectively (Figs 3 and 4).

Density of insects wintering in the lit-
ter of the youngest shelterbelts (1–3 years
old) was three times (and the biomass –
two times) lower than respective values for
insects wintering in the litter of the oldest,
100–150 years old shelterbelts. In the 4–7
years old shelterbelts the differences beca-
me negligible. Density and biomass of in-
sects wintering in soil were comparable
among all age classes of the shelterbelts
(no statistically significant differences).
Biomass of insects wintering in 4–7 years
old shelterbelts were even higher than
those recorded in old shelterbelts (Table 5).
Insects wintering in soil (irrespective of the
shelterbelt’s age) were larger than those
wintering in litter (Table 5).

Regardless of the shelterbelt age, over
two times more insects wintered in its inside
than in the ecotone zone of adjacent field
and over ten times more than in the open
field (10 times higher density and 13 times
greater biomass, on the average). In some
shelterbelts the differences were even larger,
over 30–40 times. Similar relationships were
noted in some groups of Arthropoda in
England, France and the Netherlands (Mar-
shal l et al. 2002). New planted shelter-
belts at the age of 4–7 years hosted the gre-
atest number of wintering insects in their
inside as compared with 1–3 years old and
over 100–150 years old ones. This was also
reflected in the highest density and bio-
mass of insects wintering in the ecotone
zones. These differences are of marginal
statistical significancy (Table 6). In the
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Table. 3. Taxonomic diversity (number of families) of insects wintering in litter and soil of the
young shelterbelts (year of planting) in subsequent winter periods since planting (1994/1995 to
2000/2001) (see Fig. 1, Table 1).

Shelterbelt Subsequent winter periods

(year of planting) 1 2 3 4 5 6 7

A (1994) 7 8 14 25 31 55 48
B (1995) 6 13 18 24 22 22
C (1996) 13 20 21 21 27
D (1997) 19 28 22 24
E (1998) 1 23 26

Table 4. Number of insect families wintering in litter and soil of the shelterbelts of different age 
(data for 7 shelterbelts) (see Fig. 1, Table 1).

Age (years) Number of subsequent Layer

winters and studied shelterbelts litter soil litter and soil

1–3 5 A,B,C,D,E 55 33 60
4–7 4 A,B,C,D 61 31 65

~ 100–150 6 F,G 71 36 76
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Fig. 3. Mean density and biomass of insects wintering in litter and soil of new young shelterbelts
in subsequent years. Mean from 5 shelterbelts for 1 –3 subsequent winters (n = 720), from 4 shel-
terbelts for 4 subsequent winters (n = 240), from 3 shelterbelts for 5 subsequent winters
(n = 180), from 2 shelterbelts for 6 subsequent winters (n = 120) and from 1 shelterbelts for
7 subsequent winters (n = 60). Data for shelterbelts A–E (see also Table 3).

Fig. 4. Mean density and biomass of insects wintering in litter and soil of old shelterbelts. Mean
values for 6 subsequent winter seasons (n = 340) for shelterbelt F, and for 3 subsequent winter
seasons (n = 180) for shelterbelt G.



open field (50–100 m from the shelter-
belt’s edge) no statistically significant dif-
ferences were noted in density or biomass
of insects (Table 6).

3.2. The effect of species composition of
the tree patches on insects wintering

in soil and litter

Studies were carried out in an 7 years
old shelterbelt (A) with typical high
growth rate of deciduous and coniferous
trees (crown density and production of the
litter layer in the latter) and with perma-
nent herb layer dominated by grasses and
perennial species.

The insect community wintering in lit-
ter and soil (larvae and imagines together)
achieved mean density of 250–400 ind. m–2

and mean biomass of 950–2300 mg dry wt.
m–2 (Fig. 5). As in other woodlots of the sa-
me age, Coleoptera (mainly Carabidae and
Staphylinidae) were the dominating gro-
ups; their contribution to the density and
biomass of the whole community amoun-
ted 90%. The second most numerous gro-
up were dipterans. In the years of massive
appearance of Bibionidae (Bibio marci),
their larvae distinctly (over 50%) domina-
ted total biomass of the whole community.

Insect communities wintering in pat-
ches composed exclusively of deciduous
trees differed distinctly in both density and
biomass. The density and biomass of insects
were lowest there (Fig. 5). The highest val-
ues (400 ind. m–2 and 2048 mg. dry wt. m–2)
were noted in mixed patches where larch was
usually the main coniferous tree. High val-
ues of the two parameters were also found in
patches composed entirely of coniferous
species (mostly of larch). The density values
differed significant (P< 0.05) between the
mixed and deciduous patches and the bio-
mass values – between the deciduous and
other patches (Fig. 5).

Marked differences were found (in all
type of patches) between the part of in-
sects wintering in litter and that wintering
deeper in soil. The difference in density
was over threefold and in biomass – over
eleven times in favour of the soil. Such dif-
ferences in biomass resulted from the fact
that soil was inhabited in winter by larger
insects of greater individual biomass than
those inhabiting litter (Table 7).

The community of insects wintering in
litter achieved the highest density (57.0–
–137.9 ind. m–2) in mixed patches com-
posed of deciduous species with the admix-
ture of larch or pine. The density of insects
wintering in soil was also highest in mixed
patches. Biomass of insects wintering in
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Table 5. Mean density, biomass and individual
biomass of insects wintering in litter and soil of
shelterbelts of different age. Different letters
denote significant differences between shelter-
belts at P< 0.05 (Tuckey’s test).

1–3 years old shelterbelts

density biomass mean individual
(ind. m–2) (mg dry wt. m–2) biomass

(mg dry wt. ind.–1)

Litter 31.4 a 86.6 a 2.76
Soil 159.5 a 715.4 a 4.48
Total 190.9 a 802.0 a 4.20

4–7 years old shelterbelts

Litter 70.0 b 161.5 a 2.31
Soil 215.6 a 987.1 a 4.58
Total 285.6 a 1148.6 a 4.02

~100–150 years old shelterbelts

Litter 83.7 b 175.2 a 2.09
Soil 229.7 a 702.8 a 3.06
Total 313.4 a 878.0 a 2.80

Table 6. Density (ind. m–2) and biomass (mg dry wt. m–2) of insects wintering in litter and soil of
shelterbelts of different age and on adjacent fields. Different letters denote significant differences
between shelterbelts at P< 0.05 (Tuckey’s test) (see Fig. 1, Table 1 for abbreviations).

Shelterbelt age (years) Inside Ecotone zone Open field Number of subsequent winters
shelterbelt (0.5–10 m) (50–100 m) and studied shelterbelts

Density

1–3 190.9 a 63.5 a 32.4 a 5 (A,B,C,D,E)
4–7 285.6 a 162.8 a 27.9 a 4 (A,B,C,D)

~ 100–150 313.4 a 113.3 a 21.5 a 6 (F,G)

Biomass

1–3 802.0 a 274.8 a 59.9 a 5 (A,B,C,D,E)
4–7 1148.6 a 618.2 a 110.2 a 4 (A,B,C,D)

~ 100–150 878.0 a 397.0 a 61.6 a 6 (F,G)



litter achieved the highest values in decidu-
ous or mixed patches and the lowest in
coniferous patches while biomass of in-
sects wintering in soil was the lowest in
deciduous patches and the highest in
mixed and coniferous patches (Table 8).

Distinguished patches of trees did not
influence on the density or biomass values
of insects wintering in the adjacent frag-
ments of croplands (no statistically signifi-
cant differences). Slightly higher values
(by 40% in the case of density and 20% in
the case of biomass) were noted, however,
in the ecotone zones neighbouring conifer-
ous patches. This was probably a shielding
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Fig. 5. Mean density and biomass of insects wintering in litter and soil of patches differing in tree
species composition during subsequent winter periods in 7 years old  shelterbelt (A).

Table 7. Mean density, biomass and individual
biomass of insects wintering in the 7 years old
shelterbelt (A) (n = 1760) (see Fig. 1, Table 1).

Place Denisty Biomass Individual biomass
(ind. m–2) (mg dry wt. m–2) (mg dry wt. ind.–1)

Litter 86.2 132.5 1.54
* *

Soil 264.4 1496.2 5.66

Total 350.6 1628.7 4.64

*P< 0.0001 n – total number of samples

Table 8. Mean density, biomass and individual biomass of insects wintering in litter and soil in
patches of different tree species composition (shelterbelt A). Different letters denote significant
differences between shelterbelts at P< 0.05 (Tuckey’s test) (see Fig. 1, Table 1).

Layer Patch Density (ind. m–2) Biomass (mg dry wt. m–2) Mean individual
subsequent winter periods subsequent winter periods biomass

1999/00 2000/01 2001/02 Average 1999/00 2000/01 20001/02 Average (mg dry wt. ind.–1)

deciduous 50.1 54.6 85.7 63.5 a 153.8 120.2 122.5 132.2 a 2.08
Litter mixed 80.8 57.0 137.9 92.9 a 160.9 99.5 176.9 145.8 a 1.59

coniferous 49.3 47.9 96.7 64.6 a 100.5 112.0 93.7 102.1 a 1.58

deciduous 167.6 162.7 227.6 186,0 a 645.4 747.2 1061.4 818.0 a 4.40
Soil mixed 387.1 303.5 232.9 307.8 a 2203.2 1935.7 1568.6 1902.5 b 6.18

coniferous 456.3 227.3 170.5 284.7 a 2469.8 1491.5 1117.3 1692.9 ab 5.95

deciduous 217.8 217.2 313.4 249.5 a 799.2 867.4 1184.0 950.2 a 3.81
Total mixed 467.8 360.5 370.8 399.7 a 2364.2 2035.1 1745.5 2048.3 b 5.12

coniferous 505.6 275.2 267.2 349.3 a 2570.3 1603.5 1210.9 1794.9 ab 5.14

n = 270 180 180 – 270 180 180 – –

n – total number of samples



effect of a compact tree clump, which pro-
duced better microclimatic conditions in
the closest vicinity (0.5–10 m from the
shelterbelt) (Table 9).

Since studied patches were distributed
more or less uniformly within the whole
width of the shelterbelt and in three zones
situated at different distances from adja-
cent forest, it was possible to analyse the
effect of the patch location on density and
biomass of wintering insects both within
the shelterbelt (side versus inner zone) and
adjacent forest (50, 200 and 350 m from
the forest edge). Both density and biomass
of insects wintering in litter and soil were
higher in the leeward (eastern) zone than
in the inner and windward (western) zones
(Table 9). Insect density was similar along
the whole shelterbelt’s length while bio-
mass decreased with the increasing distan-
ce from the forest. Larger insect species
wintered closer to the forest, probably
penetrating the shelterbelt from there.
Mean individual biomass of insects winte-
ring 50 m from the forest edge was 5.5. mg
dry wt. while that at a distance of 200
m was 4.6 mg dry wt. However, all those
differences are not statistically significant.

4. DISCUSSION

Studies carried out in newly intro-
duced shelterbelts since their planting
allowed to find the attractiveness for in-
sects of such a new stable ecosystem
among croplands. Insects use shelterbelts
as refuges already in the first winter after
planting. The attractiveness of a shelter-
belt as a wintering place is in its initial
phase of succession (1–3 years) and is
determined probably by the exclusion of
a fragment of cropland from agrotechnical
pressure and by abundantly growing herb
vegetation. Too young trees in that phase
are probably of negligible importance; they
do not form any barrier mitigating climatic
conditions and they do not produce litter.

Great numbers of wintering insects (inclu-
ding beneficial predatory beetles) immigra-
ting there from adjacent croplands were
also found (Thomas et al. 1991) in plant-
ed strips of grassy vegetation analogous to
the youngest shelterbelts.

The abundance, biomass and diversity
of wintering insects increases with age of
the shelterbelt to reach in 4–7 years old
shelterbelts the values comparable or even
higher than those typical for 100–150 years
old shelterbelts. In several years old shel-
terbelts wintering insect communities
encompass over 50 families and produce
biomass exceeding 1 g dry wt. m–2. Densi-
ty and biomass of insects wintering in shel-
terbelts of that age class are on the average
ten times higher than the respective values
for insects wintering in open fields. Similar
relationships were noted in studies carried
out in England (Marshal l et al. 2002).

Developing herb layer vegetation and,
first of all, fast growing trees of the shelter-
belts improve conditions for wintering
through formation of the isolation litter
layer (particularly in fragments planted
with coniferous trees) and through mitiga-
tion of microclimate (decrease of wind
velocity, formation of thick snow cover on
the leeward side).

In spite of the formation of litter in
older shelterbelts, the litter is inhabited by
relatively few insects, mainly small species
and mostly imagines. Larger species and
insect larvae prefer soil as a habitat for win-
tering. More of them were found in places
with litter, which probably functions as an
isolation layer. Hence, more insects winter-
ed in the fragments of shelterbelts over-
grown by mixed patches with coniferous
species (mostly larch), which provided
thermal isolation through the layer of fall-
en needles, than in patches formed exclu-
sively by deciduous species with no litter.
Fallen leaves of most species decomposed
more rapidly than fallen needles. No effect
was, however, found of the dead remains of
herb plants on the number of wintering in-
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Table 9. Mean density and biomass of insects wintering in different parts of the 7 years old shel-
terbelt (A) (n = 1260). No significant differences. (see Fig. 1, Table 1).

Parameter Location

windward side leeward side centre of the shelterbelt
(western) (eastern)

Density (ind. m–2) 263.4 358.5 350.0
Biomass (mg dry wt. m–2) 1218.7 1803.4 1697.5



sects with the exception of a few insects
wintering inside dried stems or shoots.

Two times less insects wintered in the
ecotone zone of the adjacent field, particular-
ly in its belt directly neighbouring the wood-
lot (0.5–10 m), than in the woodlot itself.
The numbers in the open field were over ten
times smaller. All this was similar to propor-
tions reported by Marshal l et al. (2002).

5. CONCLUSIONS

– Shelterbelts newly introduced to agricul-
tural landscape are very soon (already in
the first winter after planting) used as
refuges available for insects wintering.

– Rich communities comprising represen-
tatives of over 50 insect families winter-
ed in young 4–7 years old shelterbelts;
total biomass of insects there was com-
parable with biomass found in old (over
100–150 years old) shelterbelts.

– Species composition of the shelterbelt
affects the numbers of wintering insects;
this should be taken into account when
designing the shelterbelts.

– Patches (area of several m2) inside the
shelterbelts planted with mixed composi-
tion of birch, rowan, elm and linden with
the admixtures of coniferous larch and
pine are preferred by wintering insects.

– The ratio of insects wintering in the shel-
terbelt to those wintering in the ecotone
and open field is 10:2:1 on the average.
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