
doi: 10.1098/rsbl.2005.0335
, 322-3251 2005 Biol. Lett.

 
Darren M Evans, Stephen M Redpath, Sharon A Evans, David A Elston and Peter Dennis
 
passerine
Livestock grazing affects the egg size of an insectivorous
 

References

 http://rsbl.royalsocietypublishing.org/content/1/3/322.full.html#related-urls
Article cited in: 
 
http://rsbl.royalsocietypublishing.org/content/1/3/322.full.html#ref-list-1

 This article cites 19 articles

Email alerting service
 hereright-hand corner of the article or click 

Receive free email alerts when new articles cite this article - sign up in the box at the top

 http://rsbl.royalsocietypublishing.org/subscriptions go to: Biol. Lett.To subscribe to 

This journal is © 2005 The Royal Society

 rsbl.royalsocietypublishing.orgDownloaded from 

http://rsbl.royalsocietypublishing.org/content/1/3/322.full.html#ref-list-1
http://rsbl.royalsocietypublishing.org/content/1/3/322.full.html#related-urls
http://rsbl.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=roybiolett;1/3/322&return_type=article&return_url=http://rsbl.royalsocietypublishing.org/content/1/3/322.full.pdf
http://rsbl.royalsocietypublishing.org/subscriptions
http://rsbl.royalsocietypublishing.org/


 rsbl.royalsocietypublishing.orgDownloaded from 
Biol. Lett. (2005) 1, 322–325

doi:10.1098/rsbl.2005.0335
Published online 14 June 2005

Livestock grazing affects
the egg size of an
insectivorous passerine
Darren M. Evans1,*, Stephen M. Redpath1,2,
Sharon A. Evans1, David A. Elston3

and Peter Dennis4

1NERC Centre for Ecology & Hydrology, Hill of Brathens, Banchory,
Aberdeenshire AB31 4BW, UK
2IREC (CSIC–UCLM–JCCM), Ronda de Toledo s/n, 13005 Ciudad
Real, Spain
3Biomathemtaics & Statistics Scotland, The Macaulay Institute,
Craigiebuckler Aberdeen AB15 8QH, UK
4The Macaulay Institute, Craigiebuckler. Aberdeen AB15 8QH UK
*Author for correspondence (dme@ceh.ac.uk)

Livestock grazing is a major driver of ecosystem
change, and has been associated with significant
declines in various bird species worldwide. In
Britain, there is particular concern that severe
grazing pressure is deleteriously affecting veg-
etation and birds in upland regions. However,
the mechanism by which grazing affects birds is
unclear. Here, we report for the first time, to
our knowledge, that sheep grazing pressure
affects the egg size of a common upland passer-
ine: the meadow pipit Anthus pratensis. We
manipulated sheep stocking densities in a repli-
cated field experiment, and found that plots with
the highest stocking density contained nests with
the smallest eggs, and that plots with low stock-
ing density contained nests with the largest eggs.
However, eggs laid in ungrazed plots were also
small, suggesting that either too many sheep or
their removal from upland areas might have a
detrimental effect on pipit egg size. We found no
significant effect on fledging success but the
reduced post-fledging survival of young from
smaller eggs, as seen in other studies, could
partly explain declines in upland birds.
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1. INTRODUCTION
Livestock grazing is a major driver of land use change,

both in Europe (Bardgett et al. 1995; Bignal &

McCracken 1996) and North America (Fleischner

1994; Brown & McDonald 1995). Since the 1970s,

there has been a large increase in sheep numbers in

several European Union countries (Beaufoy et al.
1994). In Britain, sheep numbers more than doubled

from 19.7 million to 41.2 million between 1950 and

1990, and the subsequent severe grazing pressure has

been implicated in dramatic changes in vegetation and

bird abundance in the British uplands (Thompson

et al. 1995; Fuller & Gough 1999). Similarly, in

North America, the loss and degradation of grassland

habitats from grazing has been considered a primary

cause of the severe population declines in grassland

birds (Askins 1993; Knopf 1994; Vickery et al. 1999).
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However, the processes by which such declines occur
have rarely been investigated and no studies, to our
knowledge, have considered a life-history perspective
for how livestock grazing affects reproductive perform-
ance in birds. In this paper we investigate for the first
time the impact of livestock grazing on avian repro-
ductive performance during both the egg and the
nestling stage.

There are a number of alternative, non-exclusive
hypotheses to account for how increasing grazing
pressure could influence reproductive performance.
Hypothesis 1 (H1) is that livestock grazing could
affect bird reproduction through the direct effects of
disturbance and trampling (Paine et al. 1996). In this
case, we would expect to see an increase in total nest
failures and lower breeding success as grazing press-
ure increased. Hypothesis 2 (H2) proposes that
grazing could indirectly affect birds through altering
vegetation structure (Pearce-Higgins & Grant 2002).
If so, we would predict a higher incidence of nest
failure due to exposure to weather and predators as
grazing pressure increases. Hypothesis 3 (H3)
suggests that grazing could reduce food abundance
and availability (Dennis et al. 2001; Dennis et al.
2002; Hartley et al. 2003), so that increased grazing
will limit resources for parents to allocate to eggs and
young, resulting in fewer and/or smaller eggs, and
lower fledging success, respectively. Alternatively,
according to hypothesis 4 (H4), increased grazing
could have no effect on reproductive performance,
either because there is no negative impact, or because
parents can compensate for increased costs.

We tested these hypotheses by experimentally
manipulating sheep stocking densities. Our study
species was the meadow pipit Anthus pratensis, a
ground nesting, generalist insectivore (Cramp 1988)
and the most common upland passerine in the UK.
2. METHODS
A replicated, randomized-block experiment consisting of six repli-
cates of four treatments was initiated in 2003 at Glen Finglas, in
central Scotland (56816 0 N 4824 0W), with baseline data collected in
2002. Glen Finglas is a 4039 ha estate (1haZ104m2) grazed by
sheep and cattle and typical of many upland areas of Scotland.
Sheep density on the estate prior to the experiment was approxi-
mately 0.7 ewes haK1. Plots were each approximately 3.3 ha in size
with altitudes ranging from 200–500 m above sea level.

During the autumn of 2002, the plots were fenced and
treatments of [I] 9 ewes per plot (2.72 ewes haK1), [II] 3 ewes per
plot (0.91 ewes haK1), [III] 2 ewes per plot (0.61 ewes haK1), and
[IV] ungrazed, were randomly allocated to plots within each block.
Within each plot, we recorded breeding meadow pipit territories
using standard ‘Common Birds Census’ techniques, but restricted
to this species (see Bibby et al. 1992) and searched for nests by
rope-dragging. We recorded clutch size, and weighed (G0.1 g) and
measured (length and breadthG0.1 mm) the eggs. We estimated
egg volume (V ) using Hoyt’s (1979) equation

V ZKvLB
2; (2.1)

where L is the length (cm), B is the breadth at the equator (cm)
and the volume coefficient Kv was 0.51.

We recorded nest location and altitude using a global position-
ing system receiver with an accuracy of G5 m. Thereafter, we
visited nests every 2–3 days to monitor egg and nestling fate. We
calculated the laying date for each nest by subtracting 13 days for
incubation (Cramp 1988) from hatching date. We examined the
frequency of predation in each treatment using chi-squared tests in
MINITAB v. 13.32 (Minitab Inc., PA, USA).

We used GENSTAT v. 7.2 (VSN International Ltd, Hertfordshire,
UK) to analyse egg volume and fledging success. Egg volumes were
analysed using linear residual maximum likelihood. Fledging
q 2005 The Royal Society
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Table 1. Clutch size and predation (partial and complete) of meadow pipit nests within experimental grazing treatments in
2003.
(n, the number of nests; s.e., standard error of the mean.)

treatment

egg stage nestling stage

n
mean
clutch size s.e.

proportion
predated n

proportion
predated

I 16 4.25 0.14 0.18 19 0.16
II 7 3.86 0.34 0 14 0.14
III 11 4.27 0.14 0.09 16 0.13
IV 15 3.93 0.15 0 16 0.13

Table 2. Models analysing factors affecting egg volume and fledging success in meadow pipits.
(Egg volume data were fitted to a linear mixed model; fledging success data (i.e. number of eggs that produce a nestling that
fledges) were fitted to a generalized linear mixed model, with a binomial distribution and logit link function. Fixed terms
were fitted sequentially. The significance of the scaled Wald statistics (W ) was assessed using F-tests (with denominator
degrees of freedom set at 15 by the experimental design) for altitude, breeding density, year, year!replicate, sheep density
and treatment, and using chi-squared tests for clutch size, lay date and egg size effects, as there was considerable replication
at the nest level. nZ82 nests.)

fixed term

egg size fledging success

W d.f. p W d.f. p

altitude 14.02 1 !0.001 0.35 1 0.552
breeding density 0.24 1 0.624 0.21 1 0.646
clutch size 0.67 1 0.411 1.65 1 0.199
year 0.42 1 0.519 0.00 1 0.982
replicate 1.30 5 0.262 0.38 5 0.864
year!replicate 1.14 4 0.337 0.50 4 0.739
lay date 2.96 1 0.085 0.06 1 0.802
(lay date)2 0.29 1 0.588 1.19 1 0.274
sheep density 6.81 1 !0.01 1.82 1 0.177
treatment 1.29 2 0.274 1.90 2 0.150
egg size — — — 0.07 1 0.785
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success was analysed using generalized linear mixed models with
a binomial error structure and a logit link function. We used
altitude of nest (metres above sea level), meadow pipit density in
the plot (pairs haK1) and clutch size as covariates in the models.
Replicate, and the interaction between replicate and year, were
included as categorical fixed effects. Fixed effects were treatment,
defined both as a 4-level categorical variable and as a covariate
(sheep density), and the linear and quadratic effects of laying date.
Nest, plot and the plot!year interaction were included as random
effects.
Figure 1. The effects of sheep grazing intensity on pipit egg
volume (meansCs.e. calculated after initially averaging over
eggs within each plot by year combination) pre-treatment
(2002, white) and post-treatment (2003, black) commence-
ment at Glen Finglas, Scotland. (Treatment IZ9 ewes per
plot; treatment IIZ3 ewes per plot; treatment IIIZ2 ewes
per plot; treatment IVZungrazed.)
3. RESULTS
We found 120 nests, from 82 of which we could take
egg measurements (the remaining nests contained
nestlings only). For 2002 and 2003, total rainfall
was 558.5 and 426.5 mm, and average minimum
daily temperature was 6.5 (G3.58 s.d.) and 8.7 8C
(G 3.96 s.d.) respectively, between 16 April and 26
July. In 2003, there were no statistically significant
differences in the proportion of predated nests
between treatments (chi-squared test: egg stage
c3

2Z4.36, pZ0.225; nestling stage c3
2Z0.11,

pZ0.990; table 1). However, egg volume varied
significantly between treatments (F1,15Z6.81,
pZ0.02; table 2, figure 1). There was also a signifi-
cant effect of altitude when adding altitude before
replicate in the model, with smaller eggs laid at higher
Biol. Lett. (2005)
altitudes (F1,15Z14.02, p!0.001; table 2). However,

this effect was due to differences between the three

pairs of replicates, as adding altitude after replicate

was not significant (F1,15Z0.18, pO0.5). We also

found no effect of breeding density, laying date or

clutch size on egg volume. We found no effect of egg
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volume, treatment, or any other factor on the number
of eggs that produced a nestling that fledged.
4. DISCUSSION
We have demonstrated for the first time that sheep
grazing pressure affects the egg size of a common
upland passerine. Intensively grazed plots (i.e. high
stocking density) contained nests with the smallest
meadow pipit eggs, and extensively grazed plots (i.e.
low stocking density) contained nests with the largest
eggs. Interestingly, ungrazed plots contained nests
with smaller eggs than lightly grazed plots, demon-
strating that both too many sheep and the complete
removal of sheep in the uplands adversely affect
meadow pipit egg size. We could find no effect of egg
size or grazing treatments on fledging success. It is
possible that meadow pipits were able to compensate
for the negative effects of small eggs through greater
parental care (Ricklefs 1984), but equally, such effects
might not become apparent until later in life (e.g.
post-fledging survival). These results support the
hypothesis that grazing pressure affects food avail-
ability and hence limits the amount of resources that
parents can allocate to egg production (H3). We can
reject the hypothesis that increased grazing has no
effect on reproductive performance (H4). Also, our
results provide little support for the hypotheses that
the adverse effects of grazing pressure act primarily
through disturbance (H1) or changes in vegetation
structure (H2).

Mechanisms determining pipit egg size remain
unclear. It is not known to what extent livestock
grazing affects pipit territory, and hence parental
quality, through altering food abundance or veg-
etation structure. While our results support the
hypothesis that food availability was affected by
grazing, the hypotheses are not independent.
Indeed, a plausible explanation for our treatment
effect is that food availability is a function of both
food abundance and vegetation structure (Smith &
Rotenberry 1990). Temperature and nest microcli-
mate could also be important factors that may
influence egg size. Further research is necessary to
explain the relative importance of each of these
factors.

The amount of effort allocated to egg production
and incubation may have an important role in
determining parental fitness (Monaghan & Nager
1997). Larger eggs are typically considered advan-
tageous as egg size is positively correlated with
hatchling size, nestling growth and survival in a range
of species (see Martin 1987 for a review). However,
egg size may be a characteristic of individual females
and most studies have not controlled for the effects of
parental traits (Williams 1994; Christians 2002). Yet
the female traits that determine egg size are not clear.
We do not yet have the data to examine the effect of
livestock grazing on parental condition, how female
traits affect egg size, nor the longer-term conse-
quences of hatching from small eggs. However, it
follows from other work that generally there are
disadvantages of hatching from a smaller egg, and
these could ultimately have an adverse effect on
Biol. Lett. (2005)
offspring fitness. Potentially therefore, our study

could give a partial explanation for the observed link

between increased grazing pressure and declines in

grassland birds in both North America and Europe.

We thank Adam Wallace and Jane Begg of the Woodland
Trust. The research was conducted as part of a collabora-
tive project funded by the Scottish Executive Environment
and Rural Affairs Department (GRUB).
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