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ABSTRACT: The study examined the im-
portance of winter catch crops (intercrops) to 
wintering birds in a low-intensity farming area 
of Poland. Birds were counted on two occasions 
between November 2009 and January 2010 in 
514 research plots in two different parts of the 
country. During the two counts 28 species were 
recorded. Yellowhammer Emberiza citrinella, 
Corn Bunting Emberiza calandra, Tree Sparrow 
Passer montanus and Shorelark Eremophila alp-
estris were the most numerous species. The sta-
tistical analysis (GLZ) of the influence of survey, 
location and habitat types on the occurrence of 
birds in the farmland did not reflect the signifi-
cant effect on any variables. Significant differ-
ences in densities of birds between the habitats 
analysed (GLM) were noted. The stubbles sup-
ported a relatively greater density of birds than 
the mustard winter catch crop and ploughed 
fields. Increasing the area of winter catch crops 
at the expense of ploughed fields may favour 
birds, but when winter crops are sown in fields 
that would otherwise be left as stubble, winter-
ing conditions for birds deteriorate, especially for 
buntings. 

KEY WORDS: cover crops, habitat use, low-
intensity farmland, agricultural landscape, bird 
assemblages

1. INTRODUCTION

The decline of many breeding popula-
tions of some farmland bird species in west-
ern Europe has been related to increased 
winter mortality caused by reduced food 
availability (Wilson et al. 1996, Donald 
et al. 2001, Vicker y  et al. 2002). One of the 
most important reasons has been the switch 
from spring to autumn tillage and the associ-
ated loss of over-winter stubbles that are the 
source of seed for many granivorous species 
(Evans  1997). Farmland in eastern Poland 
is less intensively managed than in other Eu-
ropean countries (Tr yjanowski  et al. 2009, 
Goławski  and Kasprzykowski  2010, 
Tr yjanowski  et al. 2011), but since Poland’s 
accession to the EU there has been a gradual 
change in the utilization of arable fields. Agro-
environmental programmes have encouraged 
the re-farming of fallow land in the whole 
country: this has been the most spectacular 
habitat change in farmland (Tr yjanows-
ki  et al. 2009). The second most important 
change in agricultural practices has been the 
expansion in the acreage of winter catch crops 
as a result of EU farm subsidies. The aim of 
this is to maintain the plant cover during the 
winter in order to prevent wind erosion of the 
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soil and hence the deterioration of its fertil-
ity. The plants used as intercrops enrich the 
soil in nutrients and organic compounds, and 
stimulate its biological activity (Harasim 
and Gawęda 2010). The planting of winter 
catch crops is standard practice throughout 
the EU. The various species (e.g. mustard, ser-
radella, phacelia, vetch, rye) have to be sown 
before the end of September and be ploughed 
in by early March (Keenleys ide  et al. 2006).

Before Poland joined the EU, catch crops 
covered just a small area of farmland, but this 
area has since risen to ca 1,285 thousand ha; 
in some parts of Poland catch crops make up 
as much as 10% of the crop acreage in winter 
(Jaskulska  and Gałęzewski  2009). These 
changes in the utilization of arable fields have 
come about as a result of the ploughing in of 
many stubble fields during the autumn. This 
practice may have an important effect on 
birds, as it reduces their winter food supply. 
In the UK, populations of seed-eating birds 
have declined as a result of the larger acre-
age of winter cereals (and simultaneously the 
smaller acreage of winter stubble) (e.g. Rob-
inson and Sutherland 2002). 

The principal aim of this study was to 
evaluate the importance of winter catch crops 
to wintering birds. The increasing proportion 
of such crops in Polish farmlands may her-
ald a major change in the availability of food 
resources to birds, especially many small pas-
serines, with possible consequences for their 
post-winter fitness. The condition in which 
birds find themselves after winter is a factor 
that must be taken into account in any assess-
ment of their breeding success (Robb et al. 
2008) and breeding abundance (Gi l l ings 
et al. 2005, Sir iwardena et al. 2007). 

2. STUDY AREA

The research was carried out in two re-
gions of Poland: one was situated in the east-
central part of the country, near the town of 
Siedlce (52°09¢N, 22°17¢E), and covered 293 
research plots; the other was in northern 
Poland near Starogard Gdański (54°03¢N, 
18°31¢E) (221 plots). The research plots were 
located in open farmland within a radius of 
60 km from Siedlce and 40 km from Starog-
ard. The two regions, both dominated by an 
agricultural landscape, are some 340 km dis-
tant from each other. The plots were selected 
on the basis of satellite maps on the Geopor-
tal website. The average plot size was 1.9 ha 
(SD = 1.10 ha, total 556.7 ha) in the Siedlce 
area and 3.9 ha (SD = 2.63 ha, total 861.9 ha) 
in the vicinity of Starogard. There was a sta-
tistically significant difference in mean plot 
size between the two regions (Mann-Whitney 
test, Z = 10.35, df = 512, P <0.001). Altogether 
514 plots were monitored, with a total area of 
1418.6 ha (Table 1). The surface areas of the 
research plots were calculated with the aid 
of Geoportal: here the plot boundaries are 
marked, so it is a fairly straightforward matter 
to measure their areas. To minimize possible 
bias, the plots selected for the survey were 
not adjacent to one another. The importance 
of winter catch crops (intercrops) for birds 
was analysed by comparing the numbers of 
birds on two types of such crops with those 
in three other farmland habitats. We distin-
guished two types of winter catch crops: a 
corn intercrop, consisting of rye Secale cereale 
or oats Avena sativa; and a mustard intercrop, 
with white mustard Sinapis alba as the main 
plant. The other three habitats (non-winter 

Table 1. Mean ± SD area of research plots (ha) in five farmland habitats.

Habitat

East-central Poland Northern Poland

Mean SD No of research 
plots Mean SD No of research 

plots
Corn intercrop 2.2 1.24 65 4.0 2.78 27

Mustard intercrop 2.0 1.02 43 3.8 1.99 18

Stubble 1.7 0.89 63 4.0 2.25 33

Winter cereal 1.9 1.25 64 4.3 3.19 77

Ploughed field 1.8 0.96 58 3.4 2.11 66

Total 1.9 1.10 58.6 3.9 2.63 44.2
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catch crops) served as controls: cereal stubble 
(different cereals, including maize Zea mays; 
weeds, the lignified stems of which protrud-
ed through the snow cover), winter cereals 
(mainly rye) and ploughed fields. These habi-
tats were taken into consideration because 
they are the most common forms of soil uti-
lization in open agricultural landscapes in 
Poland (Kasprzykowski  and Goławski 
2012); their importance is well document-
ed (e.g. Wi lson et al. 1996, Hancock and 
Wilson 2003, Perkins  et al. 2008). 

The weather in the 2009/2010 winter-
ing season was harsher than in other recent 
winters in the whole of Poland (Miętus  et al. 
2010). Mean daily temperatures during the 
first count differed by only 0.4°C (+3.2°C vs 
+3.6°C) between east-central Poland (data 
from the nearest weather station at Siedlce) 
and northern Poland (data from the nearest 
weather station at Pruszcz Gdański) (http://
www.tutiempo.net/en/Climate/Poland/PL.html); 
this difference was not statistically significant 
(Mann-Whitney test, P = 0.850). But during 
the second count the difference in mean daily 
temperature between the two regions was 
1.2°C (–7.1°C vs –5.9°C); neither difference 
was statistically significant (Mann-Whitney 
test, P = 0.386). The average depth of the snow 
cover (measured by the observers during the 
counts) during the second count was greater 
in eastern Poland (23.9 cm vs 13.8 cm), but 
this was not confirmed statistically (Mann-
Whitney test, P = 0.104).

3. MATERIAL AND METHODS

3.1. Bird census

Birds were counted in each research plot 
between 07:45 and 15:50 hours using the 
transect method (Mason and Macdonald 
1999) during two periods: 27 November – 
13 December 2009, and 31 December 2009 
– 15 January 2010. On any one day, succes-
sive fields were monitored on a random ba-
sis, so any change in the birds’ activity during 
the day should not have significantly affected 
the results. Each transect was walked slowly 
(ca 2 km h–1) and all birds sighted were re-
corded; the density from the particular counts 
was used in the analysis. As the largest plots 
were 100 m wide, an area of up to 50 m wide 

on either side of the transect was censused. 
This method ensured that the whole width 
of each plot was covered. No counts were 
done in bad weather, i.e. falling rain or snow, 
strong wind or poor visibility. An interval of 
at least 4 weeks separated the counts in the 
same plots. Eleven expert observers partici-
pated in the study. 

3.2. Statistical methods

The statistical analysis addressed two 
problems. The first, comparing occupation 
of research plots by birds, was treated as a 
binary concept, where 0 = unoccupied plots 
and 1 = occupied plots. Each plot was de-
scribed separately and the presence of birds 
was recorded, regardless of species or num-
bers. Generalised linear models (GLZ) were 
used to evaluate the influence of survey num-
ber (1 or 2), locations (east-central Poland 
or northern Poland) and habitat types (five 
habitats) on the wintering birds. The results 
of GLZ were presented with the aid of the 
Poisson distribution and logarithmic link 
function. The goodness-of-fit of the whole 
model was omitted; only the Wald chi-square 
statistics for the factors analysed are given. 

We had also tested the impact of 3 factors 
on birds’ density using GLM with a log-link 
function and Poisson error term (Sokal and 
Rohlf  2001). Only research plots in which 
birds were sighted were included in the anal-
ysis. As the plots were of different sizes, the 
numbers of birds in this work are given as 
their density per 10 ha–1. The model includes 
the same three predictors: survey number, lo-
cation and habitat types. Because of the small 
numbers of birds, all the species were anal-
ysed together, without any division into ’func-
tional groups’. Only results with a probability 
of α ≤ 0.05 were assumed to be statistically 
significant. The calculations were performed 
using Statistica 8.0 (StatSoft 2007).

4. RESULTS

A total of 1,774 birds from 28 species 
were recorded. The most numerous spe-
cies were Yellowhammer Emberiza citrinella, 
Corn Bunting Emberiza calandra, Tree Sparrow 
Passer montanus and Shorelark Eremophila 
alpestris. The numbers of these four species 
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made up 74% of the entire bird assemblage; 
16 species did not reach 1% of the total num-
ber (Appendix). 

The birds were observed in 13.6% of re-
search plots. During the first survey birds 
were observed in 19.5% of research plots, 
and during the second in 7.6% of research 
plots. In east-central Poland birds were ob-
served in 12.1%, and in northern Poland in 
15.8% of research plots. Birds were recorded 
most frequently on cereal stubble (24.2% all 
stubble fields), less often on corn intercrops 
(13.3% of the research plots, Fig. 1). The sta-
tistical analysis (GLZ) of the influence of the 
survey, localisation and habitat types on the 
occurrence of birds in the farmland showed 
they had no significant effect on any of the 
variables. However, the number of surveys 
was close to being statistically significant 
(P = 0.075, Table 2); birds were recorded on 
more research plots in the first survey than in 
the second one. 

The mean density of birds was 49.2 ind. 
10 ha–1 (SD = 105.84; all the research plots 
were taken into account; also on those where 
there were no birds the density was only 
6.3 ind. 10 ha–1). During the first survey the 
density was 51.0 ind. 10 ha–1 (SD = 97.79), 
and in the second one it was 44.7 ind. 10 ha–1 
(SD = 125.44). The number of surveys had 
no statistically significant effect on the den-
sity of birds (GLM: F1,132 = 0.15, P = 0.695). 
In east-central Poland the density of birds 
was 58.9 ind. 10 ha–1 (SD = 120.42), and in 
northern Poland it was 39.1 ind. 10 ha–1 
(SD = 87.85); the location had no influence 
on density (GLM: F1,132 = 1.37, P = 0.245). 
The habitat types, however, were a significant 
factor and did influence the density of birds 
(GLM: F4,128 = 13.52, P = 0.018). The largest 

density occurred on stubbles and statistically 
differed with density on the mustard inter-
crops and ploughed fields (post-hoc Duncan 
test, P <0.033 in both cases, Fig. 2). Differ-
ences in densities between stubbles and win-
ter cereals were close to reaching the signifi-
cance level (post-hoc Duncan test, P = 0.075) 
as well as those between corn intercrops and 
mustard intercrops (post-hoc Duncan test, 
P = 0.057) and corn intercrops and ploughed 
fields (post-hoc Duncan test, P = 0.062).

5. DISCUSSION

The study shows that the occurrence of 
wintering birds in the various intercrops dif-
fered considerably. To be sure, birds were en-
countered on a similar percentage of a given 
type of intercrop but their densities differed 
considerably between the two types of inter-
crop. The density was many times higher on 
the corn catch crop than on the mustard catch 
crop, similar to the one on stubbles, and far 
higher than on winter cereals and ploughed 
fields. The low density of birds on ploughed 
fields and mustard catch crops is due to the 
lack of an adequate food supply, i.e. weed 
seeds and grains (Buckingham et al. 1999, 
Mason and Macdonald 1999, Hancock 
and Wilson 2003, Orłowski  2006). The 
relatively high density of birds noted on the 
corn catch crop was unexpected because 
of its similarity to winter cereals. However, 
parts of the fields with corn intercrops were 
covered by cereals (mainly oats) with ripe 
ears of grain, on which large flocks of Yel-
lowhammers were recorded in the present 
study. This is important for seed-eaters, be-
cause corn intercrops look as if they were un-
harvested crops, which are preferred by cereal 
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Fig. 1. Percentage use of habitats by wintering birds in five farmland habitat types in Poland.
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grain specialists like buntings (Perkins  et al. 
2008). Mixed flocks of foraging Yellowham-
mers and Corn Buntings were observed on 
several occasions. But too little material was 
gathered to enable species to be designated 
that could be used as indicators for rich win-
tering farmland bird communities. In a work 
dealing with breeding buntings in Italy, the 
Corn Bunting was reported as a possible in-
dicator of bunting abundance and diversity 
(Brambi l la  et al. 2009). 

Worth noting is the near statistical sig-
nificance of the effect of the survey period. 
The difference in the numbers of birds be-
tween the two survey periods was probably 
due to the different kinds of weather dur-
ing those periods. During the earlier survey 
there was no snow cover, whereas during the 
second one the snow was up to 50 cm deep. 
In the latter conditions birds have difficulty 
in getting at their food and often leave the 
fields for the nearby villages (Goławski 
and Kasprzykowski  2010, Goławski  and 

Dombrowski  2011). The different weather 
conditions during the two surveys may also 
have indirectly affected the detection of birds. 
The thick layer of snow on the ground could 
have altered the speed at which the observers 
moved and hence the detection of birds on 
research plots of different sizes. 

The importance of stubbles in the farm-
land in Poland corresponds to the general 
pattern of wintering birds in the UK and 
central Europe (Buckingham et al. 1999, 
Moorcrof t  et al. 2002, Hancock and Wil-
son 2003, Bellebaum 2008, Perkins  et al. 
2008, Chamberlain  et al. 2010). In Poland 
this significance is explained by the prefer-
ences of buntings and especially Tree Spar-
rows (Goławski  and Dombrowski  2011, 
Goławski  and Kasprzykowski  2011, 
Kasprzykowski  and Goławski  2012), 
species that forage principally on cereal grains 
(Perkins  et al. 2007); in our study, too, they 
were the most numerous birds. A very im-
portant aspect of such habitats for birds is the 

Table 2. Results of the GLZ analyses of the occurrence of birds in relation to survey, location and habitat 
type.
Variable Estimate SE Wald P–value
Location –0.022 0.030 0.564 0.452
Survey 0.052 0.029 3.162 0.075
Corn intercrop 0.001 0.006 0.001 0.998
Mustard intercrop 0.006 0.073 0.006 0.939
Stubble 0.089 0.059 2.252 0.133
Winter cereal –0.020 0.054 0.137 0.711
Ploughed fields 0 0 0 –
Intercept 0.134 0.031 18.659 0.001
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Fig. 2. Density of wintering birds in five farmland habitat types in Poland. 
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fact that the lignified stems of weeds stick up 
out of the snow. The importance of stubbles 
is all the greater, as their exploitation by win-
tering birds in harsh weather decreases the 
least in comparison with other habitats, as 
mentioned above. In other habitats there are 
no weeds, and the plants growing there are 
buried under the snow, so the birds cannot 
get at the possible source of food, e.g. the corn 
catch crop.

The acreage of catch crops has increased 
considerably since Poland’s accession to 
the EU, and this habitat now covers up to 
10% of farmland areas in different parts of 
the country (Jaskulska  and Gałęzewski 
2009). There appear to be two opposing ef-
fects of winter catch crops on birds. If win-
ter catch crops are sown on ploughed fields, 
birds benefit, especially if the intercrops are 
of corn. But if winter catch crops replace 
fields that would otherwise have been left 
as stubble in winter, wintering conditions in 
open farmland could deteriorate, especially 
if such fields are planted with mustard catch 
crops. Changes in farming practices seem 
to be similar to the loss of stubbles and the 
increasing proportion of winter cereals that 
have taken place in western Europe (Tucker 
1992, Wilson et al. 1996, Fox 2004). More-
over, the populations of the three commonest 
wintering species in eastern Poland – Yellow-
hammer, Corn Bunting and Tree Sparrow – 
showed moderate declines between 1982 and 
2006 in Europe (PECBMS 2009); the expan-
sion in the acreage of winter catch crops at the 
expense of stubbles may adversely affect their 
numbers. 
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APPENDIX. The number, dominance, frequency of occurrence and density of individuals of bird spe-
cies recorded in five farmland habitats in Poland.

Species
corn 
catch 
crop

mustard 
catch 
crop

stubble Winter 
cereal

ploughed 
field

all 
research 

plots

domi-
nance

(%)

frequency 
of occur-

rence

density
(ind. 10 

ha-1)

Accipiter gentilis (L.) 1 1 0.1 0.1 0.004

Accipiter nisus (L.) 2 2 0.1 0.2 0.007

Alauda arvensis L. 2 2 0.1 0.2 0.007

Ardea cinerea L. 1 1 2 0.1 0.2 0.007

Buteo buteo (L.) 7 3 10 10 5 35 2.0 3.6 0.123

Buteo sp. 1 1 0.1 0.1 0.004

Carduelis cannabina 
(L.) 38 38 2.1 0.2 0.134

Carduelis carduelis 
(L.) 16 16 0.9 0.1 0.056

Carduelis chloris (L.) 5 40 45 2.5 0.4 0.159

Carduelis flavirostris 
(L.) 55 55 3.1 0.1 0.194

Carduelis spinus (L.) 55 55 3.1 0.1 0.194

Circus cyaneus (L.) 1 1 0.1 0.1 0.004

Corvus corax L. 2 12 11 15 4 44 2.5 2.7 0.155

Corvus frugilegus L. 6 3 9 0.5 0.4 0.032

Emberiza calandra 
(L.) 134 127 41 302 17.0 0.8 1.064

Emberiza citrinella L. 341 3 290 1 9 644 36.3 3.3 2.270

Eremophila alpestris 
(L.) 58 50 108 6.1 0.5 0.381

Falco tinnunculus L. 1 1 0.1 0.1 0.004

Fringilla coelebs L. 3 3 0.2 0.1 0.011

Fringilla montifrin-
gilla L. 1 1 0.1 0.1 0.004

Garrulus glandarius 
(L.) 1 1 0.1 0.1 0.004

Haliaeetus albicilla 
(L.) 1 1 0.1 0.1 0.004

Lanius excubitor L. 3 1 2 6 0.3 0.6 0.021

Passer domesticus 
(L.) 11 11 0.6 0.1 0.039

Passer montanus (L.) 36 188 40 264 14.9 0.7 0.930

Perdix perdix (L.) 29 8 10 16 22 85 4.8 1.2 0.300

Pica pica (L.) 1 18 4 23 1.3 1.1 0.081

Plectrophenax nivalis 
(L.) 2 2 0.1 0.1 0.007

Turdus pilaris L. 16 16 0.9 0.1 0.056

Total 638 29 864 197 46 1774 100.0 - 6.253

Total number of 
species 12 5 20 13 7 28 - - -
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