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Abstract The marsh fritillary, Euphydryas aurinia, has

declined greatly in distribution across its range within

Europe, resulting in its designation as a protected species

under Annex II of the 1979 Bern Convention and the EC

Habitats and Species Directive. The decline has been

linked to a marked reduction in the extent of suitable cal-

careous and wet grassland habitats, habitats which have

been lost through conversion of land to agriculture or urban

areas, or reduced in quality due to inappropriate manage-

ment. The UK is now one of the major strongholds for this

butterfly in Europe, although much of the remaining habitat

is small, isolated and highly fragmented. E. aurinia pop-

ulations fluctuate greatly due to the combined effects of

biotic (e.g. parasitoids) and abiotic (e.g. climate change)

factors. We quantified the habitat associations of larval

webs of E. aurinia on fragmented versus extensive

(unfragmented) calcareous grassland habitat in southern

England to test the hypothesis that habitat requirements of

E. aurinia are more constrained within fragmented land-

scapes. Within both fragmented and unfragmented land-

scapes the quality and quantity of its main host plant in the

UK, Succisa pratensis, was positively related to numbers of

E. aurinia larval webs found. The sward height was also

important at predicting the distribution of larval webs in

both landscapes, although the heights were greater within

sites in the unfragmented (&20 cm) compared to frag-

mented (&15 cm) landscape. We also found significant

effects of elevation and the cover of bare ground on

numbers of larval webs. Elevation was strongly correlated

with the availability of host plant, whilst bare ground was

only significant on sites within the fragmented landscape,

showing a negative relationship with number of larval

webs. Our results further emphasise the importance of not

only maintaining the habitat quality of extant calcareous

grassland sites for E. aurinia in the UK, but also increasing

the size and connectivity of these sites to increase the

chances and rate of (re)colonisation of unoccupied but

suitable habitat. In addition, we show that the habitat

requirements of E. aurinia on sites in a large unfragmented

landscape may be less specific and thus require less

extensive management than that required to create optimal

conditions necessary at smaller, more isolated sites in

fragmented landscapes.

Keywords Euphydryas aurinia � Marsh fritillary �
Calcareous grassland � Butterfly � Metapopulation �
Habitat fragmentation � Salisbury plain

Introduction

The marsh fritillary, Euphydryas aurinia, is protected

under the 1979 Bern Convention (Annexe II) and the EC

Habitats and Species Directive (Annexe II). Whilst it is

widely distributed throughout Europe, Morocco and

Algeria through temperate areas of Asia to Korea, it is

threatened in much of its range, especially in northern
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Europe where it has declined to between 20 and 50% of its

former area of occupancy within a 25-year period (van

Swaay and Warren 1999). Within Europe, the UK popu-

lation is considered one of the largest and most important;

thought to constitute 5–15% of the European distribution in

the 1990s (van Swaay and Warren 1999). However, despite

recent trends of increase in abundance on monitored sites

within the UK (Botham et al. 2008) the distribution of

E. aurinia continues to decline; by approximately 46%

between 1970–1982 and 1995–2004 (Fox et al. 2006,

2010).

Loss of habitat caused by agricultural intensification and

development is thought to be the major cause of this

decline, with recent studies showing a significant associa-

tion between a gradient in decline across E. aurinia’s

European range and a corresponding gradient in agricul-

tural intensity (Thomas et al. 2008). E. aurinia is relatively

sedentary, rarely dispersing beyond 750 m, although col-

onisation may rarely take place over 5–20 km (Warren

1994). It shows a metapopulation structure which is sen-

sitive to the negative effects of habitat fragmentation

caused by loss of habitat (Bulman et al. 2007; Bulman

2001).

Habitat fragmentation has a range of negative impacts

on butterfly populations depending on the species (Wilson

and Roy 2009). Beyond simply reducing the amount of

habitat available, for poorly dispersive species, it can

greatly restrict the ability for empty but suitable habitat

patches to be re-colonised (Warren 1994). Isolated popu-

lations in small fragments of habitat are also considered as

more vulnerable to extinction events and may be subject to

the negative impacts of inbreeding as population sizes

crash in years when climatic and/or pathogenic factors are

prevalent (Gibbs and Van Dyck 2009; Bulman et al. 2007;

Sigaard et al. 2008). Inbreeding and resultant loss of

genetic diversity within small isolated populations is also

likely to have an effect on the habitat requirements of less

mobile species, potentially resulting in greater levels of

specialism and thus greater sensitivity to changes in the

quality of the remaining habitat (Gibbs and Van Dyck

2009). Thus fragmented populations of E. aurinia may

differ in their habitat specificity to those populations found

on less fragmented habitats. This may have important

implications for the management of remaining sites, which

are already known to vary greatly in the precise habitat

requirements of E. aurinia (e.g. Konvicka et al. 2003).

In the UK E. aurinia occurs on two distinct habitat

types: wet, Molinia caerulea dominated grasslands and dry

calcareous grasslands (often dominated by Bromus erec-

tus). On both habitats its main foodplant is devil’s bit

scabious, Succisa pratensis, although larvae have occa-

sionally been found on field scabious, Knautea arvensis

and small scabious, Scabiosa columbaria (Porter 1981).

Most of the available habitat, of both types, is considerably

fragmented throughout the UK. Calcareous grassland sites

in the south west of England (Dorset) are a classic example

of a fragmented landscape within which E. aurinia persists

in a metapopulation, with local extinction and colonisation

events common on some of the smaller sites. Further north

in England, but still within 25 km, there is what is con-

sidered to be a large and stable population of E. aurinia

inhabiting the expansive calcareous grassland of Salisbury

Plain, Wiltshire; approximately 40,000 ha (Toynton and

Ash 2002). This site, owned by the Ministry of Defence

and used for military training purposes, may be regarded as

an unfragmented habitat.

The aim of the current study was to quantify whether

there are any differences in the habitat requirements of

E. aurinia within fragmented (Dorset) versus unfragmented

(Salisbury Plain) landscapes, where the geographical

location within the UK is similar and the type of habitat

(calcareous grassland dominated by B. erectus) and main

host plant (S. pratensis) are the same. To do this we sur-

veyed 40 9 40 m quadrats at 45 sites in Dorset which had

an average area of 6.5 hectares and a total of eighty-one

40 9 40 m quadrats across Salisbury Plain, recording the

number of larval webs found, the height of the vegetation,

and the number, size and coverage of host plants amongst

other habitat variables.

Methods

Larval web surveys were conducted between 14th and 28th

August 2009. At this time of year E. aurinia larvae are

gregarious and form dense webs around suitable host plants

making them easy to locate. Because the host plant is

distributed in patches across the habitats, particularly on

Salisbury Plain, we used a nested quadrat sampling method

(see below for details).

Site choice

For our fragmented landscape, 45 calcareous grassland sites

in Dorset were chosen from a list of sites on which

E. aurinia has been found within the last 10 years, and on

which the main host plant, S. pratensis, is present (Bulman

2001). For our unfragmented landscape we chose a total of

81 plots across the Defence Training Estate Salisbury

Plain(DTE SP) based on previous records of E. aurinia

provided by Defence Estates and on the presence of host

plants derived from vegetation surveys carried out by the

Centre for Ecology & Hydrology (Pywell et al. 2006). The

DTE SP is approximately 40,000 ha in size, of which there

is 14,000 ha of good quality calcareous grassland in

amongst a mosaic of species-rich mesotrophic grassland,
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extensively managed farmland, tracks and plantations

(Toynton and Ash 2002). It can be sub-divided into three

distinct sections (West, Central Impact Area and East)

which differ in the intensity and type of military activity and

management, which has resulted in localised differences in

the composition and structure of the vegetation communi-

ties and density of S. pratensis. (Toynton and Ash 2002). In

this study we surveyed a large (approximately 70%) pro-

portion of the DTE SP searching for areas of suitable habitat

with the host plant and of the 81 plots we achieved a good

coverage across the whole area (West: 21, Central Impact

Area: 39, and East: 21 plots respectively). Hereafter, sites in

the fragmented landscape are also referred to as plots.

Sampling

Nine 1 9 1 m quadrats were nested in a regular pattern

within each 40 9 40 m plot (Fig. 1).

Within each 1 m2 quadrat we measured the following

variables: sward height, host plant quantity, host plant

quality, adult nectar plant availability, species richness and

the percentage of bareground cover. Sward height was

measured by two methods: using a drop disk (300 mm of

diameter, 200 g) and by estimating the height of non

flowering leaves using a meter ruler (Stewart et al. 2001).

The final measurement used in the analysis was an average

of both measures for each quadrat. We defined host plant

quantity by the percentage cover of S. pratensis. Host plant

quality was defined by both the number of S. pratensis

plants in each quadrat divided into four categories (1–5

plants; 6–10 plants; 11–20 plants and [20 plants) and the

predominant size class of the plants in the quadrat divided

into 3 categories (small if the basal rosette was less than

one hand span in diameter, medium if the basal rosette was

approximately one hand span in diameter and large if it was

greater than one hand span). A Succisa quality index (SQI)

for each quadrat was then calculated as the product of the

number and size of plants within that quadrat. Adult nectar

plant availability was determined by recording the species

of flowering plants on which E. aurinia adults were nec-

taring during a survey carried out in May/June 2009 on

DTE SP site. 77% were found on Leontodon spp

(L. hispidus and L. taraxicoides) with the remaining 23%

found on one of the following plants: Hippocrepis comosa,

Lotus corniculatus, Pilosella officinarum, Ranunculus spp

and Helianthemum nummularium. The percentage cover of

these plants was therefore recorded in each quadrat. Spe-

cies richness was measured as the number of forb species

present in each quadrat.

These measurements, recorded in each of the nine 1 m2

quadrats were averaged to give single measurements for

each 40 9 40 m plot. The number of larval webs was

recorded by walking a 1 m wide zigzag transect throughout

the plot. Finally, we also recorded aspect and elevation at

the plot level.

Statistical analysis

We investigated the relationship between the number of

larval webs in plots and the environmental variables by

fitting a generalised linear model with a log link function

and quasi Poisson error distribution to account for over-

dispersion. Host plant quality and quantity (percentage

cover) were positively correlated with one another. We

therefore decided to use a composite variable made by the

product of the two (Succisa composite = SQI*percentage

cover of S. pratensis) in our analysis.

The model was fitted with sward height and its quadratic

term, Succisa composite, percentage of bare ground, adult

plant nectar availability, species richness and its quadratic

term as covariables. Succisa composite and bare ground

were log transformed as there were some extreme values of

these variables. Because we were mainly interested in

exploring whether habitat requirements differed between

the fragmented landscape (Dorset) and the non-fragmented

landscape (DTE SP), we included 2-way interactions

between the previously mentioned variables and location

(categorical variable with 2 levels). We had no a priori

reason to expect the number of larval webs to vary dif-

ferently as a function of aspect or elevation between the

two locations. To avoid over-fitting the model we simply

added elevation and aspect as single effects. To turn aspect

into a covariable we transformed each aspect into radians

and replaced each value by cos (aspect in radians) ? sin

(aspect in radians).

North

West

South

East

40
 m

1 
m

North

West

South

East

40
 m

1 
m

Fig. 1 The nested quadrat design used to survey larval webs of

E. aurinia and associated habitat variables
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Quadrats with missing values for more than one envi-

ronmental variable were excluded and the analysis was

performed with a total of 114 plots (73 for DTE SP and 41

for Dorset).

We checked for spatial auto-correlation of larval webs

and residuals from the model among the quadrats within

each location using correlograms. We did not find any

significant pattern, therefore did not include a correlation

structure within our model.

We performed backwards, stepwise regression using

F tests to remove any non significant term and to define the

minimum adequate model. We used P \ 0.05 as a selec-

tion criteria.

There was one outlier in the data set (number of larval

webs equal to 115 in DTE SP). The model was performed

again, excluding this data point. We found similar signifi-

cant effects and model predictions without the data point

and therefore decided to present results from the model

including all the data. The heteroscedasticity and normality

of the residuals were checked graphically. The residuals

were not normally distributed. We attributed this result to

the high proportion of quadrats that were recorded without

any larval webs (almost 70% of zeros). All statistical

analyses were carried out using R version 2.10.1 (R

development core team 2009).

Results

Larval webs were found in 18% of plots in the fragmented

(Dorset), and 46% of plots in the unfragmented (DTE SP)

landscape (total of 34 and 541 webs, respectively). Table 1

displays the coefficients, standard errors and P-values of

the model investigating the effects of environmental vari-

ables and location on the number of larval webs. Below, we

describe only those variables which had significant effects

on the number of larval webs found.

There was a significant difference in the response of

larval web numbers to average sward height between plots

in fragmented and unfragmented landscapes (average

sward height2 9 location F1,103 = 4.1, P = 0.04, average

sward height 9 location F1,103 = 2.9, P = 0.09). The

relationship was quadratic indicating that larval webs were

most often found in intermediate heights of sward. In un-

fragmented plots, the optimal sward height was higher than

in fragmented plots (approximately 20 cm for DTE SP vs.

15 cm for Dorset) and their distribution occurred at a

broader range of heights than in fragmented plots (Fig. 2;

Table 1).

The effect of bare ground on the variation in larval web

numbers differed between fragmented and unfragmented

plots (F1,103 = 6.5, P = 0.01). In fragmented plots, there

was a decrease in the number of larval webs with

increasing levels of bare ground whereas the proportion of

bare ground did not seem to affect the number of larval

webs in unfragmented plots (Fig. 3; Table 1).

There was a quadratic relationship between elevation

and the number of larval webs, indicating that the larval

webs occurred at an intermediate altitude (elevation2:

F1,103 = 12.0, P \ 0.001, elevation: F1,103 = 11.0,

P \ 0.001 (Fig. 4; Table 1). However, this relationship

was associated with higher proportions of Succisa com-

posite at those intermediate altitudes (Fig. 5).

Finally, there was a significant increase in the number of

larval webs with an increase in Succisa composite (quantity

and quality) that was similar in both fragmented and un-

fragmented plots [F1,103 = 83.3, P \ 0.001 (Fig. 6;

Table 1)].

Discussion

We found that a greater percentage of the unfragmented

plots were occupied compared to fragmented plots. Caution

in interpretation must be made because we collected data

from only 1 year and E. aurinia populations are known to

vary greatly from year to year and from site to site (Bulman

2001; Porter 1981; Warren 1994). However, it is com-

monly appreciated that fragmented sites are vulnerable to

local extinctions and take time to be recolonised depending

on isolation and patch size (Bulman et al. 2007; Hanski

1998, 1999). At any point in time therefore, it is highly

unlikely that all sites in the fragmented landscape would be

occupied, even in years that E. aurinia produces large

abundances, and especially after poor years such as 2007

Table 1 Coefficients of a minimum adequate generalised linear

model investigating the effects of environmental variables and loca-

tion on the number of larval webs with associated standard errors (SE)

and P values

Effects Coefficient SE P value

Intercept -36.9497 17.5635 0.038

Average sward height 2.8527 1.8716 0.130

Average sward height2 -0.0972 0.0662 0.145

Succisa composite 1.7446 0.2795 0.000

Bare ground -3.509 3.3879 0.303

Location DTE SP 9.1112 13.6395 0.506

Elevation 0.249 0.146 0.091

Elevation2 -0.0009 0.0005 0.082

Average sward height 9 location

DTE SP

-1.7746 1.92 0.357

Average sward height2 9 location

DTE SP

0.0689 0.0673 0.308

Bare ground 9 location DTE SP 5.3816 3.5221 0.130
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(Botham et al. 2007) in which many small, isolated pop-

ulations are likely to have become locally extinct (Hula

et al. 2004). In contrast, plots throughout the unfragmented

landscape of DTE SP are likely to be recolonised more

quickly in such years since suitable or semi-suitable habitat

is close by, allowing the core populations where habitat is

most suitable, to disperse into unoccupied habitat.

As with previous studies on populations of E. aurinia

throughout its range (e.g. Bulman 2001; Konvicka et al.

2003; Liu et al. 2006; Anthes et al. 2003; Betzholtz et al.

2007; Stefanescu et al. 2006), we found that both the

quantity and quality of host plant are important. Patches

with better quality and/or a higher density of host plant

were associated with greater densities of larval webs within

both fragmented and unfragmented calcareous grassland

landscapes. E. aurinia lays its eggs in batches on suitable

host plants and the larvae are gregarious for much of their

lives (Porter 1981). In addition, ovipositing females are

often attracted to host plants which already have eggs (e.g.

Stefanescu et al. 2006). Thus large quantities of host plant

are essential if the larvae are to avoid starvation. This can

be achieved by laying eggs on large plants (Porter 1981) or

on small plants where plant density is high (typical of

grazed calcareous grassland habitats).

Fig. 2 Number of larval webs

as a function of average sward

height in Dorset (closed circles)

and DTE SP (open triangles).

Lines represent model

predictions (bold line for Dorset

and dashed line for DTE SP).

Left panel shows all data, right
panel focus on data excluding

the plot with 115 larval webs

Fig. 3 Number of larval webs

as a function of bare ground (log

transformed) in Dorset (closed
circles) and DTE SP (open
triangles). Lines represent

model predictions (bold line for

Dorset and dashed line for DTE

SP). Left panel shows all data,

right panel focus on data

excluding the plot with 115

larval webs

Fig. 4 Number of larval webs

as a function of elevation in

Dorset (closed circles) and DTE

SP (open triangles). Line
represents model predictions.

Left panel shows all data, right
panel focus on data excluding

the plot with 115 larval webs
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Sward height, a measure of the vegetation structure, was

also a significant factor at both sites with an optimal

intermediate height being associated with greater numbers

of larval webs. Previous studies have shown that density of

host plant alone is not enough to predict the presence of

E. aurinia (Anthes et al. 2003; Konvicka et al. 2003).

Vegetation structure has been shown to be important as the

height of the surrounding vegetation is likely to be

important in creating and maintaining the optimal micro-

climatic conditions necessary for larval survival (Porter

1981; Konvicka et al. 2003; Fowles and Smith 2006). A

significant interaction between location and sward height

suggests that the optimal sward height differed between

plots in the fragmented and unfragmented landscapes, with

a shorter sward in fragmented plots (approximately 15 cm)

than at unfragmented plots (approximately 20 cm). The

range of sward heights at which larval webs were found

was also greater at unfragmented plots than at fragmented

plots. Whilst this difference could represent a difference in

microclimates between the fragmented and unfragmented

landscapes (Betzholtz et al. 2007; Ravenscroft and Gay-

wood 1996), it is most likely to reflect the differences in

management. Most of the calcareous grassland sites in

Dorset are under grazing management, usually in a Higher

Level Scheme with prescriptions specific for E. aurinia—

low density cattle grazing during May to September, with

the aim of producing a varied sward height between 5 and

15 cm (C. Bulman personal communication). In contrast

the DTE SP is grazed infrequently on a rotational cycle,

using a penning system which results in a greater range of

and longer sward heights (Toynton and Ash 2002). E. au-

rinia can use calcareous grassland sites with vegetation

ranging from 5 to 25 cm in sward height (Bulman 2001). It

is possible that in Dorset E. aurinia has contracted to its

‘core’ optimal sites, whereas on larger, less fragmented

sites such as the DTE SP, where there is greater and more

heterogeneous resources available, it may use a wider

range of ‘suitability’.

We also found that both elevation and the percentage

cover of bare ground had a significant effect on where

larval webs were found. We suggest that the elevational

effect can be attributed to the strong association between

elevation and host plant distribution. We found that the

same elevational band at which the greatest number of

larval webs was found was also associated with where the

greatest values of Succisa composite were recorded. The

elevational range of our sites is well within that at which

E. aurinia is found throughout its European range (Tolman

and Lewington 2008) and thus it is unlikely that elevation

per se has an effect on the distribution at the sites we

surveyed. The valley bottoms and hill tops on our sites are

generally less floristically rich and dominated by more

competitive species which creates unsuitable conditions for

the host plant (Grime et al. 1986). Thus, the suitable

structure and availability of host plants for E. aurinia are

confined to certain elevations throughout our sites.

A significant interaction between location and bare

ground cover shows that at fragmented plots in Dorset

larval web numbers were greatest where there is little or no

bare ground and fewest where there is the greatest cover of

bare ground, whilst there was no relationship between the

Fig. 5 The relationship between Succisa composite and elevation in

Dorset (closed circles) and DTE SP (open triangles)

Fig. 6 Number of larval webs

as a function of Succisa
composite (log transformed) in

Dorset (closed circles) and DTE

SP (open triangles). Line
represents model predictions.

Left panel shows all data, right
panel focus on data excluding

the plot with 115 larval webs

274 J Insect Conserv (2011) 15:269–277

123



number of larval webs and bare ground on unfragmented

plots in DTE SP. A greater cover of bare ground on Dorset

sites is likely to be associated with high levels of grazing

which creates a less suitable turf structure. Why we did not

see the same pattern on DTE SP plots is most likely

because of the high levels of disturbance caused by military

vehicles and explosions/fires from military training exer-

cises (Warren et al. 2007). These events not only facilitate

the germination of host plants (Grime et al. 1986) creating

locally suitable patches, but also occur relatively randomly

in both space and time. Military training grounds are often

associated with high biodiversity because of the heteroge-

neous habitats created by military activities (Warren et al.

2007). On the DTE SP some of greatest ‘core’ densities of

larval webs are located in the highly disturbed areas in the

Central Impact Area where military activity is greatest

(Toynton and Ash 2002). Fires from shells and flares pre-

vent the sward from becoming too rank, and craters formed

by shells also create patches of bare ground which are

colonised by S. pratensis and subsequently used by

E. aurinia.

Beyond ascertaining the habitat requirements of

E. aurinia on calcareous grassland, an aim of this study was

to investigate whether fragmentation affects this by using

the DTE SP as an unfragmented landscape and numerous

small sites in Dorset as the fragmented landscape. All sites

are calcareous grassland sites and are in the south west of

the UK. Thus, we expected, if fragmentation has no effect

that the habitat requirements would be very similar at all

sites. We found differences in the effects of sward height

and bare ground on the distribution of larval webs between

the two landscapes. However, there are a number of caveats

which we must consider. Firstly, differences per se are not

indicative of an effect of fragmentation. Studies on different

populations of E. aurinia across its distributional range have

shown that different populations using the same host plant

on very similar habitats often show different habitat

requirements, with sward height often being the variable

that differs (Betzholtz et al. 2007) In addition, there are

differences in the available habitat and the management of

the habitat between the two landscapes which are more

likely to account for such differences in vegetation structure

as discussed previously. Patch size and isolation have also

been shown to be important in other studies (Bulman 2001;

Bulman et al. 2007; Betzholtz et al. 2007). We could not

compare patch size and isolation between Dorset and DTE

SP plots because whilst we have good information on these

parameters for the fragmented Dorset landscape we do not

have the equivalent for the DTE SP. We should also con-

sider whether the DTE SP truly represents a contiguous

unfragmented habitat for E. aurinia? Clearly, it is highly

unlikely that the entire habitat on the DTE SP is suitable,

both in terms of vegetation structure and the distribution of

the host plant. However, the matrix between suitable pat-

ches contains suitable adult nectaring sources and offers

little in terms of physical barriers to dispersal. Distances in

between patches of host plant are unlikely to exceed that of

even the lower ranges at which E. aurinia commonly dis-

perses (Warren 1994). In addition, whilst S. pratensis is

known to be the major host plant for E. aurinia on calcar-

eous grassland in the UK, it also uses Knautia arvensis and

Scabiosa columbaria, though there has been limited success

when rearing larvae on these alternative host plants in

captivity (Porter 1981). We found a substantial number of

larval webs on both of these host plants across the DTE SP

in 2009 both in areas where S. pratensis was absent and also

where it was present. We suggest therefore, that it is feasible

to consider the DTE SP as unfragmented in the context of

this study particularly since it represents the closest exam-

ple, certainly in the UK, of a large unfragmented E. aurinia

habitat. Finally, we have only sampled 1 year. Populations

of E. aurinia are known to fluctuate greatly from year

to year and thus differences in occupancy and habitat

requirements may represent populations at different points

in this cycle (Bulman 2001). However, previous data col-

lected on larval web abundance on the DTE SP (Botham

unpublished data) and the Dorset sites (N. Bourn personal

communication) suggests 2009 was a year in which abun-

dances were generally high at all sites compared to the

previous year. In addition, data from the UK Butterfly

Monitoring Scheme suggests that E. aurinia generally

increased at monitored sites throughout the UK in 2009

compared to 2008 following low abundances in 2007

(Botham et al. unpublished data). A major cause of popula-

tion fluctuations in E. aurinia is attributed to mortality

caused by parasitoids (Cotesia spp) (Klapwijk 2008). The

population dynamics of host-parasitoid systems and their

interaction with climatic factors are extremely important and

can have pronounced effects on the habitat associations of

butterflies (Klapwijk 2008; Klapwijk et al. 2010; Menendez

et al. 2008). Unfortunately, we were not able to investigate

parasitoids within the restrictions of the current study.

Differences in the variability of habitat requirements

between Dorset and DTE SP plots are more likely to

indicate effects of fragmentation. One hypothesised effect

of fragmentation on butterfly populations is a reduction in

genetic diversity within the population due to isolation and

subsequent inbreeding (Joyce and Pullin 2003). This could

result in narrower, more specialised habitat requirements in

small, isolated habitat fragments (Joyce and Pullin 2003).

To date there has been little genetic evidence of such dif-

ferences in E. aurinia populations across the UK (Joyce

and Pullin 2003). However, small, isolated patches may

also be more prone to environmental effects (Gibbs and

Van Dyck 2009) and thus eggs laid in sub-optimal habitats

will have an even more reduced chance of survival adding
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further to the specialisation of habitat choice in future

generations. The range of sward heights within which lar-

val webs were found was far greater in the unfragmented

than the fragmented landscape. We also regularly found

larval webs on alternative host plants. In addition, whereas

there was a significant negative relationship with bare

ground in the fragmented landscape, this relationship was

not evident in the unfragmented landscape. This overall

greater variability in habitat requirements may be driven by

underlying differences in genetic diversity or may be more

directly a result of differences in survivorship on sub-

optimal habitat between the fragmented and unfragmented

landscapes driven by differences in vulnerability to local

abiotic factors. These factors would require further inves-

tigation including genetic analyses. A more likely expla-

nation is that small, isolated fragmented patches of habitat

are vulnerable to local extinction and slow rates of recol-

onisation, a point discussed above in regards to the dif-

ferences in occupancy of plots in fragmented versus

unfragmented landscapes. E. aurinia abundances have

increased since a poor year in 2007 (Botham et al.

unpublished data). In years where abundances are high

competition for resources will increase and thus more

females are likely to lay eggs on sub-optimal plants

(including alternative host plants) increasing the variability

of the measured habitat requirements and dispersal is likely

to be greater resulting in a greater number of occupied sites

and the potential for an increase in the overall heteroge-

neity of occupied sites. Our data, collected in 2009, likely

represents the expansion from core populations of the DTE

SP metapopulation into previously unoccupied and sub-

optimal sites resulting in greater variability in observed

habitat associations at that point in time compared to

fragmented sites in Dorset where recolonisation of unoc-

cupied sites from the core populations is slower because of

barriers to dispersal between small, isolated fragments. In

addition, the habitat on the DTE SP is much more heter-

ogeneous than that on the Dorset sites.

Our study further emphasises the need to consider

increasing the connectivity and size of existing E. aurinia

habitats (Bulman et al. 2007; Wahlberg et al. 2002). In the

UK, where most suitable habitat patches for E. aurinia are

small, fragmented and often isolated, we suggest that

addressing connectivity and isolation rather than habitat

quality may be a more important concern in determining

the persistence of E. aurinia populations on calcareous

grassland habitats in the UK. When abundances increase

suboptimal habitat is used if it can be reached by ovipos-

iting females and/or where suboptimal habitat is used lower

chances of survival may be buffered on larger habitat

patches by lower vulnerability to abiotic factors. Thus

unoccupied habitats on large unfragmented sites are more

likely to be quickly filled unlike on small, isolated

fragments of habitat. Metapopulations in fragmented

landscapes are likely to find it difficult to recover from

population declines and local extinctions caused by

sequences of years with unsuitable climatic conditions and/

or high densities of parasitoids and thus may be lost alto-

gether in the long-term. Increasing the size and connec-

tivity of existing patches of habitat need not necessarily

require management to create optimal habitat. Suboptimal

habitat in the vicinity of core E. aurinia populations is

likely to be colonised when butterfly abundances are high.

Where it is not possible to expand habitats, small isolated

patches of suitable habitat should continue to be managed

to create the optimal habitat requirements (e.g. Barnett and

Warren 1995).
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