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With some raptors showing widespread declines, management of grassland to enhance
access to their small mammal prey may be an important conservation tool. Many small
mammal species prefer long grass as a habitat that offers protection from predation,
and past studies on the consequences of grass cutting to small mammals have yielded
mixed results. Using live trapping, we show that although mowing grass causes a rapid
decline in small mammal captures, a small proportion of captures (20%—27%) still
occurred in patches of mown grass immediately after cutting. This proportion more
than halved again when the cut grass that was initially left in situ was removed. We
conclude that some small mammals may remain in mown areas provided some form of
cover — i.e. the cut grass — is present. These findings are discussed in light of agri-
environment scheme options (e.g. grass margins) that could be improved to benefit
birds of prey.

Introduction

Agriculture is the largest driver of extinction risk
in birds (Green et al. 2005). European agri-envi-
ronment schemes (AES) are designed, in part, to
benefit biodiversity on farms (Kleijn et al. 2006,
Whittingham 2007) and have existed since 1987
in England (Ovenden et al. 1998). Some AESs
have substantially benefitted target species (e.g.
Aebischer et al. 2000, Peach et al. 2001, Albre-
cht et al. 2007, Perkins et al. 2011) while others
have shown no demonstrable benefit to target
species or overall biodiversity (e.g. Kleijn et
al. 2001, Kleijn et al. 2004, Davey et al. 2010).

Recent work suggested that adaptive manage-
ment, or ‘learning through doing’ (Convention
on Biological Diversity 2004), is a key tool to
improve the biodiversity benefits from AESs
(Perkins et al. 2011) by encouraging modifica-
tion of AESs to improve their benefit for wildlife
as new information comes to light.

Within the English AESs, grass margins have
proven to be one of the most popular manage-
ment options (Davey et al. 2010) and this has
led to an increase of ca. 62 000 ha in the area
of grassland on farms in England since the mid-
1980s (Grice et al. 2007, Garratt et al. 2011).
If wide and densely vegetated, grass margins
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should enhance numbers of small mammals on
arable farmland (Shore et al. 2005, Aschwanden
et al. 2007), a key resource for many birds of
prey (Cavé 1968, Glue 1974, Korpimiki 1984,
Village 1990, Korpiméki & Norrdahl 1991, Red-
path & Thirgood 1999, Koks et al. 2007). How-
ever, in the UK some farmland specialist raptors
such as the barn owl Tyfo alba and the kestrel
Falco tinnunculus are still declining (Risely et
al. 2010, Garratt et al. 2011). These continued
declines may indicate that the quality of grass
margins in AESs can be improved to further
benefit raptors that rely on small mammals. In
this study, we wished to explore possibilities for
doing this.

Previous work has shown that kestrels forag-
ing on farmland prefer short grass above all other
habitats available to them (Ashwanden et al.
2005, Whittingham & Devereux 2008, Garratt et
al. 2011), presumably as it increases accessibil-
ity to their prey. The same association has also
been shown for other raptors (Baker & Brooks
1981, Aschwanden et al. 2005). Thus the value
of grassland to foraging raptors may be deter-
mined to a large extent by the length of the veg-
etation, suggesting that cutting or mowing could
represent a beneficial management option. How-
ever, while cutting grass may improve access to
small mammal prey for raptors, evidence sug-
gests that small mammals prefer longer, dense
grass or more densely vegetated habitats gener-
ally. Evidence exists of such associations for a
range of species: e.g. field voles Microtus spp.
(Birney et al. 1976, Hansson 1977, Bellamy
et al. 2000, Tattersall et al. 2000), bank voles
Mpyodes glareolus (formerly Clethrionomys glar-
eolus) (Kikkawa 1964, Dickman & Doncaster
1987, Shore et al. 2005, Butet et al. 2006) and
common shrews Sorex araneus (Dickman &
Doncaster 1987, Butet et al. 2006, Aschwanden
et al. 2007), although this association is less
strong for shrews which are fairly ubiquitous
(Churchfield et al. 1997). Some studies suggest
that grass which is mown regularly probably
only provides a temporary small mammal habitat
(Lemen & Clausen 1984, Sheffield et al. 2001,
Edge et al. 1995). However, other studies sug-
gest either that small mammals are not strongly
affected by mowing (e.g. Jacob 2003, Jacob &
Hempel 2003) or that some subdominant indi-

viduals remain in the cut grass (Meunier et al.
1999, Jacob & Brown 2000).

Thus, in spite of previous work on the sub-
ject, the effect of cutting grass on the distribu-
tion of small mammals remains unclear. Clearly,
the value of cutting or mowing of grassland
as a management tool to benefit foraging rap-
tors depends on fully understanding its effect
on small mammals. In this paper, we present
the results of a field experiment in which we
manipulate the height of grass patches by cut-
ting. Using live trapping, we test both the tempo-
ral and spatial effect of cutting on small mammal
distribution. Ultimately we aim to provide rec-
ommendations for the management of grassland
to improve habitat suitability for declining raptor
species that rely on small mammals.

Material and methods
Study site

The experimental plots were located in a
grassland nature reserve in northeast England
(54°49°52.7"°N, 1°29°44°W). The reserve pri-
marily consists of immature, artificial grassland
on the site of a former opencast coal mine,
containing areas of newly reseeded grassland
and woodland consisting of immature native
tree species planted from 1996 onwards. The
grassland is dominated by ryegrass Lolium spp.,
and wildflowers such as clover Trifolium spp.,
vetches Vicia spp., bird’s foot trefoil Lotus cor-
niculatus and yellow rattle Rhinanthus minor.

Five experimental plots were established
within the site; the closest two were 10 m apart
and separated by a tarmac path and a ditch,
the others were all separated by a minimum of
93.6 m. Three of the experimental plots were
small, fenced, managed meadows (two were
cattle grazed over winter, and one was cut each
year for hay). The other two were in an unfenced
area of rough grassland which had undergone
no management for the previous five years, and
had only been cut once since being established
in 1997. Mean experimental plot width was
36.96 m (range: 30.4-45.2 m) and mean length
73.61 m (range: 40-121.25 m).
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Trapping protocol

Trapping was carried out over nine days in
August 2009. Sward height in both the precut/
control patches and treatment patches post-cut-
ting was established by choosing ten random
locations per plot and obtaining vegetation
height using a tape measure. Mean vegetation
height in the experimental plots prior to treat-
ment was 68.3 cm (range: 31-114.1 cm). Each
experimental plot was divided in half, ensuring
as far as possible that it was divided in such a
way as to make the two halves equivalent in
terms of surrounding habitat, and each half was
randomly assigned as treatment (to be cut) or
control (to be left long), by tossing a coin.
Trap-lines were placed a third of the way
between the centre line and the boundary in
either direction. Traps were spaced evenly along
the trap line (ca. 4-7 m apart, varying with the
size of the plot), with the first one being the same
distance from the boundary fence as it was from
the next trap (Fig. 1). Fifty Longworth small
mammal traps were put out for each trapping
session — ten traps per experimental plot — five
in the treatment half, and five in the control.
Traps contained hay as bedding, wild bird seed
mix and dried mealworms as bait, and carrot as
a source of moisture. All traps were set at a sen-
sitivity of 4 g. Trapping took place in four ses-
sions before and after experimental grass cutting
(Fig. 2). Each trapping session consisted of four
rounds of trap checks at five hourly intervals:

Session 1: pre-cutting. The traps were placed
out at 10:00, with the first check at 15:00,
and were then checked through the night (at
20:00 and 01:00) before being checked and
disarmed at 06:00 the following morning.
Immediately following the first trapping ses-
sion the traps were removed and the grass in
the treatment halves of the experimental plots
was cut to a mean height of 9.3 cm (range:
3.9-14.8 cm) using tractor-towed agricultural
mowing machinery. The traps were replaced
empty and locked in their original positions
immediately following cutting. The cut grass
was left in situ and used as cover for the traps
in all but one of the plots (plot 4, see below).

Session 2: 20 h after cutting. The traps were

Treatment

Control

_._..l_._..._._..._._..._._.._._._

Trap lines

Fig. 1. Diagram of one experimental plot, with traps
represented by black rectangles. There were five plots
within the experiment, each containing ten Longworth
traps, therefore 50 traps in total; 25 in the treatment
and 25 in the control halves.

baited and armed at 10:00 the morning fol-
lowing cutting (ca. 20 h after cutting). Traps
were then checked at five hourly intervals
over the next 24 hours, as before. Following
this trapping session, traps were again emp-
tied, locked and left in place.

Session 3: four days after cutting. This session
was run as session 2 and was started 48 h
later, to see if there was a change in the pat-
tern of small mammal captures with time
after treatment. After the final trap round at
06:00, the traps were lifted before baling of
the cut grass which took place the following
day. Traps were then replaced and covered
with a small amount of cut grass, and left
empty and disarmed.

Session 4: 24 h after removal of cut grass. A final
trapping session was carried out, commenc-
ing at 10:00 on the morning following the
removal of the cut grass, to see if the removal
of the vegetation had any effect on captures
(Fig. 2).

To decouple the potentially confounding
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Fig. 2. Timeline of the experiment, with day zero being the first day on which trapping (session 1) commenced.
Models 2, 3 and 4 presented in the results model the changes in capture probabilities between sessions 1 and 2 at
days 0 and 2, sessions 2 and 3 at days 2 and 5, and sessions 3 and 4 at days 5 and 8.

effects of treatment and time, the cut grass was
immediately collected prior to session 2 in one
plot (no. 4), rather than left in situ. Unfortunately
there was insufficient data to test the effects of
session using this plot alone, and therefore data
from this plot were not used in analyses of the
post-cutting stages.

Statistical analysis

We ran the models using data from all of the trap
rounds, and on a subset of the data using only
the data from the 06:00 trap rounds. The latter
approach reduced pseudoreplication in the trap-
ping data (i.e. an individual in one trap could
not be the same individual in another trap within
the same trapping round), as the time schedule
of the experiment did not allow for individual
marking. We used the data from the 06:00 trap-
ping round from each session of the experiment,
because this was the time of day with the larg-
est number of captures across the period of the
whole experiment.

We used Generalised Linear Mixed Models
(GLMMs) to model small mammal presence
(probability of capture), with a binomial error
structure and a logit link function. Plot was
included in all models as a random effect, and
treatment (i.e. cut or not cut, hay removed or
not removed) and trapping session (see above
and Fig. 2) were both included as fixed factors.
Where appropriate, models included an interac-
tion term between treatment and session, which
tests whether the difference in capture probabil-

ity between treatment and control plots is differ-
ent between the sessions.

Because we set out to test a number of
discrete a priori hypotheses, we ran separate
models on the subsets of our data, detailed
below. All models bar Model 1 (which only
models session 1) are pairwise comparisons of
each session with the next consecutive session,
including an interaction term for treatment and
session.

Model 1: Tests the hypothesis that there is no
difference between the probability of captur-
ing small mammals in control and treatment
patches prior to grass cutting. This model
included data from the first trapping session
(pre-cutting) and all five experimental plots
were used.

Model 2: Tests the hypothesis that there is no
effect of grass cutting on the capture probabil-
ity of small mammals. This model included
data from session 1 (pre-cutting) and session
2 (post-cutting) and excluded plot 4 (see
above). Cut grass was left in situ in all of the
four plots included in the analysis.

Model 3: Tests the hypothesis that there is no dif-
ference in capture probability of small mam-
mals 24 h and 96 h after cutting. This model
included data from session 2 (24 h post-cut-
ting) and session 3 (96 h post-cutting) and
excluded plot 4 (see above). Cut grass was left
in situ in all four plots included in this model.

Model 4: Tests the hypothesis that there is no
effect of the removal of cut grass cover on
the probability of capturing small mammals
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in the treatment plots. This model included
data from session 3 (post-cutting, cut grass
left in situ) and session 4 (post-cutting, cut
grass removed) and excluded plot 4.

All analyses were performed using R (ver-
sion 2.9.1) (R Development Core Team 2009)
and the package lme4 v.0.99875.9 (Bates et al.
2008). We present the parameter estimate (b)
+ 1 SE and the test statistic (z) in the results, and
for all tests a significance level of 0.05 was used.

Results

Across all trapping rounds, sessions and in both
treatment and control plots, we caught a total
number of six small mammal species repre-
sented by 264 individuals (see Appendix). The
numbers trapped in the 06:00 periods across
the experiment (i.e. data used in the statistical
modelling presented below) were as follows:
common shrew (n = 65), field vole (n = 6), wood
mouse Apodemus sylvaticus (n = 3), pygmy
shrew Sorex minutus (n = 1), bank vole (n = 1),
and water shrew Neomys fodiens (n = 1). Apart
from one bank vole, all of the 6 am captures in
the treatment plots post-treatment were common
shrews (Appendix). Before grass cutting, 30%
(n = 3) of small mammals were captured in
control and 70% (n = 7) in treatment patches.
However, once the grass was cut only 27% (n =
4) of captures were in the treatment patches. This
proportion decreased by ca. 25% 48 hours later
with 20% (n = 3) caught in the cut grass. Upon
removal of the grass, this proportion decreased a
further 70%, to only 6% (n = 1) (Table 1).

The results of the analysis of the entire data
set (i.e. including all trapping sessions) were

similar to results for the analysis of the 06:00
subset, only more strongly significant. There-
fore, to reduce possible issues of pseudoreplica-
tion due to the animals not being marked, we
report the results of the more conservative subset
analysis here.

Model 1

There was no significant difference in the prob-
ability of capture between control and treatment
plots before grass cutting (b < 0.001 + 0.611,
7 <0.001, p =0.999). This result did not change
when plot 4 was excluded from the model (b =
1.115+0.782,z=1.426,p =0.154).

Model 2

The interaction term between treatment and ses-
sion was significant (b = -2.821 + 1.08, z =
-2.614, p = 0.009). This indicates that grass
cutting affects the probability of capturing small
mammals: this probability increased between
sessions one and two in the control patches, but
the opposite occurred in treatment (cut grass)
patches (Fig. 3a).

Model 3

There was no significant effect of the interaction
term between treatment and session (b = —0.587
+ 1.083, z = -0.542, p = 0.588), thus there was
no difference in the probability of capturing
small mammals in the treatment plots between
the two sessions following grass cutting, but
prior to removal of the cut grass. Removal of

Table 1. Table showing the distribution of the 06:00 small mammal captures between control and treatment plots
across all sessions of the experiment, and for replicates 1, 2, 3 and 5 only. The proportion of captures from treat-
ment plots decreased by 61% between sessions 1 and 2, by 25% between sessions 2 and 3, and by 70% between
sessions 3 and 4.

Session 1 Session 2 Session 3 Session 4 Total
Control 3 (30%) 11 (73%) 12 (80%) 16 (94%) 42
Treatment 7 (70%) 4 (27%) 3 (20%) 1 (6%) 15

Total 10 15 15 17 57
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the interaction term showed that there was a
significantly greater probability of capture in
the uncut grass than the cut grass treatment (b =
—1.985 +£0.542,7=-3.664,p <0.001). However,
the probability of capturing small mammals did
not change significantly with time/session (b <
-0.001 £0.52,z~0,p >0.999) (Fig. 3b).

Model 4

There was no significant effect of the interaction
term between treatment (cut or not cut) and ses-
sion (cut grass in situ or removed) (b = -2.257
+ 1437, z =-1.570, p = 0.116). Although there
was no significant change in the probability of
capturing small mammals in the treatment plots
between the two sessions, the probability of cap-
ture tended to decrease in the treatment patches,
and increased in the control patches (Fig. 3c).
Removal of the interaction term showed that
there was a significantly greater probability of
capture in the uncut grass than the cut grass treat-
ment (b=-3.175+0.649,z=-4.895,p <0.001).

represent +1 SE.

However, the probability of capturing small
mammals did not change significantly with ses-
sion (i.e. presence or absence of cut grass cover;
b=0.346 +0.59,z=0.586, p = 0.558).

Discussion

Our results show that grass cutting significantly
affects the probability of capturing small mam-
mals, as demonstrated by the change in capture
probabilities in cut and uncut areas. These results
are significant even though data have only been
used from one of four trap rounds carried out at
each stage of the experiment (06:00), thereby
reducing issues of pseudoreplication. Our find-
ings support the suggestion from previous work
(e.g. Edge et al. 1995, Jacob 2003, Jacob &
Hempel 2003) that grass cutting causes rapid
movement of small mammals out of the cut
areas, but that a small proportion will remain in
these cut areas.

Cutting grass on farmland may therefore be
a good management strategy to aid raptors, by
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increasing visibility of their prey. Kestrels hunt
by sight, and thick vegetative cover is almost
certainly disadvantageous for them. Additionally,
the urine and faeces trails left by small mammals
to mark their runways are visible in ultraviolet
light, which appears to be detectable by some
diurnal birds of prey (Viitala et al. 1995, Koivula
& Viitala 1999). This potentially allows forag-
ing raptors to rapidly assess an area for small
mammal abundance and thereby assess the profit-
ability of a particular hunting patch, provided the
grass is short enough to see the trails (Viitala et
al. 1995, Koivula & Viitala 1999). It would seem
likely that it also makes any small mammals
remaining in the area easier to actually catch.

As discussed above, the non-zero capture
probabilities following treatment show that
some small mammals are found in patches of
freshly cut grass (at least for eight to nine days
following cutting). Due to our study design,
we cannot distinguish between individuals that
stayed in the treatment patches, and individu-
als that returned or moved into the area from
outside. This is important, because the presence
of baited traps per se could explain the latter
pattern. However, even if this is the case, it sug-
gests that some small mammals will continue to
use an area of cut grass provided it still contains
a required resource (e.g. food) or due to territo-
rial pressures on dispersal, as optimal unmown
habitats surrounding the mown areas are likely
to resist immigrants if already saturated (Hans-
son 1977). This suggestion is further supported
by Jacob and Hempel (2003), who found that
radio-collared common voles Microtus arvalis
Pallas did not leave their territories even after
substantial habitat alteration by mowing.

Furthermore, we found that removing the cut
grass tended to decrease capture probabilities
even further. Although not significant, the pattern
of capture probabilities between sessions 3 and 4
is strongly suggestive of an increased effect of
treatment. This suggestion is reinforced by the
change in proportion of captures in treatment vs.
control (Table 1 and Fig. 3c), which decreased
from 20% in session 3 to just 6% in session 4
— a decrease of 70%. Thus, our results further
stress the importance of the presence of cover to
small mammals (e.g. Birney et al. 1976, Hans-
son 1977, Hansson 1982, Ostfeld 1985, Pusenius

& Viitala 1993). These findings strongly suggest
that the majority of small mammals that continue
to use a patch after grass cutting would no longer
do so if all remaining cover (i.e. the cut grass) is
also removed. We, therefore, suggest that grass
cutting per se is not as important a determinant
of the effect of mowing on small mammals, as
whether the cut grass is left in situ.

Almost all of the captures in treatment
patches post-cutting were common shrews.
Shrews have high energy demands and need
to eat every few hours to survive (Barnard &
Brown 1984). Thus, shrews may not respond to
rapid changes in habitat suitability as quickly as
other small mammal species. Combined with
their high relative abundance and high daytime
activity rates, this makes them disproportion-
ately vulnerable to predation in altered habitats
(e.g. due to grass cutting) and an important food
source for birds of prey.

It is important to note that the results pre-
sented should not be extrapolated to encourage
the cutting of large areas of grass simultane-
ously. Instead leaving patches of taller grass or
other habitat (e.g. woodland or hedgerows) to
create conditions for the long-term survival of
small mammal populations is likely to be useful
for maintaining healthy mammal populations on
farmland. Bank voles are most commonly found
in hedges in agricultural areas, and along with
wood mice are very abundant in this habitat.
Conversely, field voles prefer grass-dominated
habitats at field boundaries, therefore increasing
the area of both these habitats should in theory
increase small mammal abundance and diversity
on farmland (Butet ef al. 2006).

The current study provides evidence that
not all small mammals leave areas of grass that
have been cut. This suggests that as long as some
form of cover is provided (e.g. the cut grass),
mowing can be considered a management tool
that is likely to improve access to preferred prey
of several diurnal raptor species, some of which
continue to decline in the UK and elsewhere in
Europe.
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Appendix. Tables showing the total captures of each of the six species of small mammals caught, across all ses-
sions of the experiment, for all five replicates and for each of the four trap rounds carried out during each session.
Captures from replicates 1, 2, 3 and 5, and from the 06:00 trap rounds only were used in the statistical analysis of
the results.

15:00 20:00 01:00 06:00 Total

Replicate & species Treatment Control Treatment Control Treatment Control Treatment Control

Session 1
1 S. araneus 1 1 1 3
S. minutus 1 1
2 S. araneus 2 1 1 2 2 8
M. agrestis 1 1
M. glareolus 1 1
A. sylvaticus 1 1 2
3 S. araneus 3 3 2 3 11
M. agrestis 1 1 1 3
M. glareolus 1 1
S. minutus 1 1
4  S. araneus 2 1 3 3 1 5 15
M. glareolus 1 1
5 S. araneus 1 1 1 1 4
S. minutus 1 1
Total 5 7 9 5 5 6 8 8 53
Session 2
1 S araneus 1 3 3 1 3 11
S. minutus 1 1
2 S. araneus 1 3 1 3 1 3 12
M. agrestis 1 1 2
3 S. araneus 2 1 2 4 2 2 2 15
M. glareolus 1 1
A. sylvaticus 1 1
S. minutus 1 1 2
4  S. araneus 4 4 1 1 1 14
M. agrestis 1 1 1 3
5 8. araneus 2 1 1 4
M. agrestis 1 1
A. sylvaticus 1 1
Total 5 13 4 17 1 9 5 14 68
Session 3
1 S araneus 1 3 1 1 1 2 1 2 12
2 S. araneus 1 3 4 3 1 3 15
M. agrestis 1 2 3
3 S. araneus 2 2 2 1 1 1 3 12
M. glareolus 1 1
4 S. araneus 1 2 2 1 1 4 2 2 15
M. agrestis 2 2
5 S. araneus 3 3 3 2 11
S. minutus 1 1
Total 6 1 5 14 3 14 5 14 72
Session 4
1 S. araneus 1 3 1 3 1 4 5 18
2 S. araneus 3 4 4 4 15
M. agrestis 1 1 2
N. fodiens 1 1 2
3 S. araneus 1 2 3 1 3 10
4 S. araneus 2 3 1 1 2 2 11
M. agrestis 1 1
5 S. araneus 2 4 4 3 13
Total 1 12 1 17 2 17 3 19 72
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