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Abstract 1. The marsh fritillary Euphydryas aurinia is

one of our most endangered butterflies, and the only to be

protected under European legislation as well as British. It

persists in fragile subpopulations threatened by habitat

fragmentation and degradation. 2. A combination of swaling

and cattle grazing are accepted to be best practice for man-

aging wet, unimproved grasslands—the favoured habitat for

E. aurinia in Cornwall. These two well-endorsed methods of

management were used to increase and improve the quality

of habitat for E. aurinia over a 5 years period, 2004–2008, at

a stronghold network of habitat patches in mid Cornwall,

south-west England. 3. Analyses of adult and larval densities

over 5 years in fifty-four transects across nine sites found

E. aurinia to favour habitat patches with higher densities of

the larval food plant (Devil’s-bit scabious Succisa pratensis),

higher sward height in autumn, and intermediate optimum

levels of stock grazing. 4. Main findings indicated most sites

experienced significant declines in numbers. Unfavourable

weather in the last 2 years of monitoring was likely to have

had a significant impact on the response of individual sub-

populations to habitat management though poor recovery

rates may also reflect a time-lag in colonisation events after

habitat improvement has occurred. 5. Habitat management

produced an improvement, albeit an inconsistent improve-

ment in habitat variables across patches—S. pratensis shows

a clear recovery at some sites. Autumn sward height increased

significantly at one site, and a quadratic relationship between

stock grazing and important habitat variables has been found

which will aid further improvement over all sites for the long

term persistence of E. aurinia.
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Introduction

The marsh fritillary, Euphydryas aurinia, is vulnerable to

local extinction from much of its current distribution across

the UK and Europe. It is the only British butterfly species

to be listed under the EC Habitats and Species Directive as

well as the Bern Convention, fully protected under the

Wildlife and Countryside Act 1981 and a priority species in

the UK Biodiversity Action Plan (BAP). Agricultural

improvement or abandonment, and changes in management

practices have meant a loss of 92% of south-west Eng-

land’s damp pasture, the main habitat used by E. aurinia

(Hobson et al. 2001). Having suffered serious declines

across most of its range in Europe, E. aurinia has under-

gone a 55% loss over a period of 30 years (Asher et al.

2001) in the UK—currently considered a stronghold for the

species, supporting 5–15% of the European distribution

(van Swaay and Warren 1999). This dramatic decline is

mirrored in Cornwall, with 62% of known populations

going extinct between 1990 and 2000 (Hobson and Budd

2001). These trends have caused the butterfly to contract to

a handful of core geographical areas (Asher et al. 2001),
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one of these being a set of subpopulations (temporary

populations as part of a metapopulation) found across the

mid-Cornwall Moors.

Metapopulation theory states that persistence in a frag-

mented landscape requires a balance between stochastic

extinctions and re-colonisations (Hanski 1994, 1998, 1999;

Hanski and Gaggiotti 2004; Levins 1969). Processes of

disturbance and succession cause natural patch networks to

be dynamic, with regional extinction being prevented

through the process of habitat tracking, whereby a species is

able to follow the shifting mosaic of suitable environmental

conditions (Thomas 1994). In an anthropogenically modi-

fied landscape, restoration or creation of new habitat can

allow such habitat tracking to occur. As a species widely

accepted to persist as metapopulations in fragmented land-

scapes (Hula et al. 2004; Wahlberg et al. 2002; Warren

1994) E. aurinia thereby requires restoration of habitat

through appropriate management at a landscape-scale, to

reduce the probability of subpopulation extinction, and to

promote connectivity among suitable habitat patches.

E. aurinia occupies two main biotypes in the UK: damp,

neutral or acidophilous grasslands, and dry, calcicolous

grasslands (Barnett and Warren 1995). Consequently,

‘appropriate’ management is not the same for both and has to

be assessed on a ‘per site’ basis. Traditional farming methods

benefitted the species by creating heterogeneous landscapes,

providing open, low vegetation for basking larvae (Porter

1982), as well as tall nectar-rich flowering herbs for adults on

the wing—a combination some rural areas can still provide

(Liu et al. 2006). However, the advent of modern farming

techniques and intensive grazing of cattle in western Europe

have caused habitat to become too homogeneous and

unsuitable for E. aurinia (van Swaay and Warren 1999). Two

common methods, which have now become adaptive tools

used to create suitable, but usually temporary, habitats

(Wahlberg et al. 2002) are extensive cattle grazing and

swaling (controlled burning). However, responses to grazing

are equivocal (Pöyry et al. 2005), and burning can cause

heavy mortality to E. aurinia larvae at certain times of the

year (Warren 1994) emphasizing the need for more detailed

study of the effect of these techniques on important habitat

variables for E. aurinia. Studies on the habitat requirements

of E. aurinia in Germany and the Czech Republic have

showed that females prefer to lay egg clutches on large,

prominent S. pratensis plants surrounded by low, cushion-

forming vegetation (Anthes et al. 2003; Konvicka et al. 2003).

The aim of this study was to determine the most

important habitat requirements of E. aurinia on the mid-

Cornwall Moors, and whether management can achieve

this and consequentially increase population numbers to

secure a positive future for this species. Our a priori

expectations include a significant positive effect of the

density of the larval host plant S. pratensis and an effect of

sward height on occurrence of E. aurinia, as these have

been shown to be important in previous studies (Betzholtz

et al. 2007; Bulman 2001; Hula et al. 2004; Konvicka et al.

2003). A medium, optimum level of sward height is likely

to be important for E. aurinia. Too short and S. pratensis

may become too small or isolated and cause higher mor-

tality of larval groups through starvation or predation, but

too tall and rank and S. pratensis may become too difficult

for adult butterflies to find or be outcompeted and lost

altogether (Konvicka et al. 2003). Either extreme of sward

height could also create unfavourable microclimatic con-

ditions for both larval and adult stage. We also hypothe-

sised that an important quadratic relationship may exist

between intensity of management and grass sward height,

as over-grazing can result in very short, unsuitable host

plants and areas of bare ground, whereas under-grazing and

abandonment can lead to rank or scrubby, unsuitable

habitat. The management undertaken aimed not only to

improve the quality of the habitat, but also sought to

increase the connectivity between suitable habitat patches.

Here we report on the successes and failures of these

management techniques, and the consequent trajectory of

the mid-Cornwall Moors metapopulation. We predicted

that habitat management would improve key predictors of

E. aurinia density with the aim of a subsequent network-

wide increase in E. aurinia densities. However, this pre-

diction should be considered against the cyclic nature of

E. aurinia subpopulations (Ford and Ford 1930) whereby a

peak in numbers was likely attained in 2006, followed by

lower numbers in more recent summers of 2007 and 2008,

alongside substantial declines in many other UK butterfly

species in the same time period (Botham et al. 2008).

Materials and methods

Study species

E. aurinia (Lepidoptera; Nymphalidae) is a univoltine

species with its flight period from late May until early July

in the study area. Although some individuals have been

known to move up to 15–20 km (Warren 1994) the adult

butterfly is generally sedentary (Junker and Schmitt 2010;

Porter 1981). Females usually lay an initial large batch of c.

300 eggs soon after emergence in the natal patch, and

smaller subsequent batches on plants further away (Porter

1981). Eggs are laid on the underside of leaves of the sole

host plant used in this area, Devil’s-bit scabious S. prat-

ensis Moench (Dipsacaceae). The larvae live gregariously

in silken webs from late July, through winter diapause,

until spring the following year (Porter 1982). Larvae then

become solitary in the penultimate instar to feed and

eventually final 6th instar larvae pupate.
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Study area

The study area was located in south-west England,

encompassing an area known as the mid-Cornwall Moors

(Fig. 1). Previous surveys showed an extant set of sub-

populations of E. aurinia to be breeding across areas of

Goss Moor National Nature Reserve (NNR) (SW 9560)

and Breney Common Cornwall Wildlife Trust Reserve (SX

0561). These areas are a wet mosaic of unimproved purple

moor grass (Molinia caerulea) pasture, heath and scrub,

and are a Designated Special Area of Conservation (SAC),

partly for the E. aurinia subpopulations they support. The

project was a partnership with several organisations (But-

terfly Conservation, Natural England, Cornwall Wildlife

Trust, Highways Agency and Environment Agency) sup-

ported by the EU LIFE Natura fund. Prior to the estab-

lishment of the LIFE Project a survey was carried out to

find other suitable habitat in the surrounding areas. Tran-

sect areas defined as ‘suitable’ for the study were open,

unimproved grassland with the host plant present (Wahl-

berg et al. 2002), or areas that showed the potential to

become suitable with management. In addition to the sites

at Goss Moor and Breney Common a further seven sites

were selected for inclusion in the LIFE Project area,

making a total of nine sites encompassing fifty-four indi-

vidual transect areas over a total area of 1,050 ha, for

inclusion in a five-year monitoring programme.

Field techniques

Two field visits were made each year; the first to survey

adult butterflies in spring (late May through June); and the

second to survey pre-hibernating larval webs in autumn

(late August through September).

Adult surveys

Adult monitoring surveys were carried out using the stan-

dard Butterfly Conservation methodology (Tunmore et al.

2008). Across each transect area a zig-zag path was

walked, covering both suitable and unsuitable areas of

habitat, recording numbers of adult E. aurinia and the time

taken to complete the survey (minutes). Two field visits

were made to each transect area ensuring the peak flight

period was covered. Using the flight area of each transect

(Ha), relative adult density was calculated for each visit to

each transect area, and an average of the two relative

densities was taken and used in the analyses. Because of

poor weather, some transects were not repeated in the final

year of surveys, so just the single value was used where this

occurred. Sites were visited between 10:30 h and 16:00 h

on days of suitable weather (minimum of 13�C with at least

60% sun or a minimum of 17�C with at least 40% sun, and

little or no wind) (Tunmore et al. 2008).

Larval web surveys

Most larval web counts were carried out using the standard

Butterfly Conservation transect methodology; which

involves walking a zig-zag transect across the patch of

habitat recording numbers of occupied webs seen 1 metre

either side of the transect line (Tunmore et al. 2008). The

length (metres) of the transect was also measured using a

pedometer and the time taken to walk the transect (min-

utes) was recorded. As part of another continuing moni-

toring programme, more larval web counts were

undertaken by a second field surveyor using area searches

of fixed plots. During 2 years of the current study, a

number of comparative surveys (both surveyors conducting

0 20 40 kilometers

Project area

Fig. 1 South-west England,

showing the project area across

the Mid-Cornwall Moors. It is

the most westerly stronghold

for the species, as they have

already declined from more

coastal areas in Cornwall and

only a couple of diminishing

small colonies remain

otherwise. Distribution map

courtesy of Butterfly

Conservation
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larval web counts of the same transect area but using dif-

ferent methodologies) were carried out in suitable areas

(where larval webs had been found) in order to calculate a

‘conversion factor’ to convert the number of webs found

during area searches of fixed plots to a transect equivalent.

Regression analysis gave the best conversion factor

(Transect based search = 3.4236*Area search of fixed

plot) to allow statistical analysis using both sets of data.

Habitat condition monitoring

Several habitat variables were measured on larval web

transects to assess the habitat quality in which larval webs

were found. Sward height (cm) was measured using a drop

disk at thirty random points along each transect (Stewart

et al. 2001). We also recorded the presence/absence of

S. pratensis, M. caerulea tussocks, invading scrub and

evidence of stock grazing at each of these thirty points

(Brereton et al. 2005). The percentage of points where each

habitat variable was present, out of the thirty measured,

gave a proxy of density for S. pratensis, M. caerulea tus-

socks and invading scrub and a measure of intensity of

stock grazing over each transect area. Three measures of

habitat management were used in analyses: the years in

which grazing was commenced on each site, the number of

swaling events over the 5 years management periods, and

the number of years since the most recent swaling event.

Data analysis

To investigate the relationship between adult or larval

densities and habitat variables, we used a restricted dataset

of only those transect areas with at least one occurrence of

either adults or webs over the 5 years period (thirty-three

out of fifty-four transects) as we were interested in effects

on density not presence/absence. The response variables in

our analyses were adult densities and larval web densities.

The explanatory variables were intensity of stock grazing

(% of transect points that showed evidence of grazing),

density of host plant (% of transect points where S. prat-

ensis was observed), scrub density (% of points),

M. caerulea density (% of points), and spring and autumn

sward height (in cm). We included quadratic terms for all

fixed effect explanatory variables due to our a priori

expectations of some humped relationships. Modelling the

impacts of habitat variables on E. aurinia densities was

performed in two phases. First, we used model simplifi-

cation of multiple regressions, to account for covariance

among explanatory variables and to clarify the habitat

variables that best predicted density. Second, we analysed

each habitat variable in separate regressions, to highlight

individual links between habitat variables and E. aurinia.

In analyses of the effects of management on habitat

variables we used the entire dataset of all fifty-four transect

areas, as we were interested in whether management could

improve the habitat variables of importance across all sites,

to allow potential re-colonisation events. To determine if

there had been a positive response to the management,

temporal trends of habitat variables were analysed as

response variables, with year as a fixed effect explanatory

variable, at an individual site level, as often this is more

informative for individual landowners, and an overall

average can be misleading. Temporal trends of adult and

web densities were also analysed at both individual sites

and across all nine sites to give an overall trend.

All data analysis was carried out using R version 2.9.0

(R development core team (2010) r: A language and

environment for statistical computing. R foundation for

statistical computing, vienna, austria. Isbn 3-900051-07-0,

url http://www.R-project.Org. Accessed 21 May 2010)

(R Development Core Team). Linear mixed effects models

were used in all analyses and we accounted for spatial

structuring and repeated measures by modelling survey

area, nested within site, as random effects on intercepts.

Year was modelled as a random slope. Response variables

(adult or web density) were log-transformed to reduce skew

and improve homogeneity of variance in residuals, and

models were checked for homoscedasticity of residuals and

Gaussian errors. We used likelihood ratio tests and sim-

plified maximum likelihood versions of the mixed effects

models to test for significance of fixed effect explanatory

variables at the P \ 0.05 level (Crawley 2007).

Results

Of the nine sites selected for inclusion in the study

throughout the 5 years period, only five had extant popu-

lations of E. aurinia, and only thirty-three of the fifty-four

designated transects had at least one occurrence of either

adults or webs over the period.

Can habitat variables explain the presence

of E. aurinia?

As expected, a higher density of the host plant S. pratensis

significantly increased the number of webs found, as did

higher sward height in autumn (Table 1). Single term

regressions (Table 2) revealed a humped relationship

between web density and level of stock grazing: above an

optimum level, grazing intensity became detrimental

(Fig. 2). This relationship became non-significant when

considered in the same model as host plant density and

sward height, implying that grazing effects are indirect: it

seems likely that optimal grazing can maximise sward
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height and host plant density, rather than affecting webs

directly. In single term regressions, larval web densities

were still positively influenced by the height of autumn

sward. However, without accounting for the effect of the

other habitat variables, the influence of S. pratensis was

lost (v1
2 = 2.74, P = 0.098). There were no significant

habitat variables associated with adult butterfly densities.

Although none of the measured habitat variables had a

significant effect on the densities of adult butterflies seen, the

number of larval webs the previous year was found to be a

strong predictor of the densities of adult butterflies seen in

the current year (linear coefficient 0.01, v1
2 = 12.59,

P \ 0.001). Adult butterfly densities in the current year also

predict numbers of larval webs in the current year (linear

coefficient 0.033, v1
2 = 23.08, P \ 0.001), so that manage-

ment for one life stage also benefits the other.

Has management achieved optimum levels of habitat

variables favoured by E. aurinia?

Three measures of management were analysed: the year

grazing started; the number of times a transect area was

burnt during the 5 years project; and how many years since

the most recent burning of a transect area. The evidence of

stock grazing, measured over each transect area, was also

included in analyses as an indicator of the intensity of

grazing over each area.

Over all 5 years of the project and over all nine sites

whether occupied by E. aurinia or not, the year in which

grazing started was the only management measure to affect

the density of S. pratensis (v1
2 = 15.29, P = 0.033) with

less host plant available the more recently grazing had been

started and if the area hadn’t been grazed at all. In areas

where grazing had occurred for longer (continuous grazing

Table 1 Results of a linear mixed effects model using multiple

regression to relate habitat variables with larval web densities and

adult butterfly densities. Models used data only from occupied tran-

sect areas

Coefficient V1
2 P

Webs

Significant terms

Autumn sward height (cm) 0.041 10.82 \0.001

S. pratensis density (%) 0.015 4.58 0.032

Non-significant terms

Quadratic autumn sward height (cm) 1.18 0.28

Spring sward height (cm) 0.19 0.66

Quadratic spring sward height (cm) 0.21 0.65

Quadratic S. pratensis density (%) 0.16 0.69

M. caerulea density (%) 3.10 0.08

Quadratic M. caerulea density (%) 1.18 0.28

Scrub density (%) 0.30 0.58

Quadratic scrub density (%) 1.84 0.18

Intensity of stock grazing (%) 1.60 0.21

Quadratic intensity of stock

grazing (%)

2.98 0.08

Adults

Autumn sward height (cm) 0.06 0.80

Quadratic autumn sward height (cm) 0.06 0.81

Spring sward height (cm) 2.45 0.12

Quadratic spring sward height (cm) 0.31 0.58

S. pratensis density (%) 1.79 0.18

Quadratic S. pratensis density (%) 0.01 0.91

M. caerulea density (%) 2.62 0.11

Quadratic M. caerulea density (%) 2.56 0.11

Scrub density (%) 0.61 0.43

Quadratic scrub density (%) 0.75 0.39

Intensity of stock grazing (%) 1.99 0.16

Quadratic intensity of stock

grazing (%)

0.11 0.74

Table 2 Results of linear mixed effects models using single regres-

sions to determine the gross influence of each habitat variable on

density of larval webs and adult butterflies. Models used data only

from occupied transect areas

Coefficient V1
2 P

Webs

Significant terms

Autumn sward height (cm) 0.0380 8.97 0.003

Intensity of stock grazing (%) 0.0290 3.91 0.048

Quadratic intensity of stock grazing (%) -0.0004 6.02 0.014

Non-significant terms

Quadratic autumn sward height (cm) 3.49 0.06

Spring sward height (cm) 2.42 0.12

Quadratic spring sward height (cm) 1.73 0.19

S. pratensis density (%) 2.74 0.10

Quadratic S. pratensis density (%) 0.65 0.42

M. caerulea density (%) 0.14 0.71

Quadratic M. caerulea density (%) 0.67 0.41

Scrub density (%) 0.01 0.94

Quadratic scrub density (%) 2.90 0.09

Adults

Autumn sward height (cm) 0.59 0.44

Quadratic autumn sward height (cm) 0.00 0.99

Spring sward height (cm) 2.65 0.10

Quadratic spring sward height (cm) 0.42 0.52

S. pratensis density (%) 0.52 0.47

Quadratic S. pratensis density (%) 0.11 0.75

M. caerulea density (%) 1.80 0.18

Quadratic M. caerulea density (%) 1.60 0.21

Scrub density (%) 0.01 0.91

Quadratic scrub density (%) 0.89 0.35

Intensity of stock grazing (%) 2.30 0.13

Quadratic intensity of stock grazing (%) 0.14 0.71
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and grazing since 1996 and 2001) the density of the host

plant was highest (Fig. 3).

Unfortunately the host plant S. pratensis did not increase

significantly over the 5 years period at all nine sites despite

management (v1
2 = 2.83, P = 0.09). However, when con-

sidering sites individually, which is often more informa-

tive, there are opposing significant results. As Fig. 4

illustrates, at three of the sites there was a considerable

increase in S. pratensis over the 5 years (Goss Moor: linear

coefficient 2.51, v1
2 = 7.71, P = 0.006; Retire Common:

linear coefficient 1.395, v1
2 = 4.65, P = 0.031; and Tre-

gonetha: linear coefficient 1.681, v1
2 = 3.86, P = 0.049).

At one site, Criggan Moor, there was a vast decline in the

density of S. pratensis found (linear coefficient -8.263,

v1
2 = 5.21, P = 0.022) possibly due to under grazing as the

areas are very wet and difficult for cattle to access.

There was no evidence for either increasing or decreasing

trends in the intensity of stock grazing across all nine sites

over all 5 years (v1
2 = 1.55, P = 0.21). Eight out of the nine

sites appeared to be diverging from the optimal level of stock

grazing (determined from quadratic relationship = stock

grazing at 42% of stop points along the transect). The one

site that had moved towards the optimum was Goss Moor

(linear coefficient = 7.99 v1
2 = 8.41, P = 0.004), with

50.8% of stop points having evidence of stock grazing where

originally in 2004 it had 14.3%. Other sites significantly

decreased (Breney Common: linear coefficient = -21.03

v1
2 = 26.61, P \ 0.001; Redmoor: linear coefficient =

-28.42 v1
2 = 17.41, P \ 0.001) towards 0% and one (Quoit

Farm: linear coefficient = 27.14 v1
2 = 14.74, P \ 0.001)

increased, almost reaching 100%.

In an analysis of habitat management variables (when

grazing started, years since the last burn and evidence of

stock grazing), two of the management variables had a sig-

nificant impact on the height of autumn sward over the fifty-

four transect areas. The more recently grazing had been

started, the higher the average sward height at sites

(v1
2 = 14.95, P = 0.037, Fig. 5a), although if started in 1996

the average was slightly higher and similar to at sites where

grazing had never occurred. Highest autumn sward height is

found at sites with continuous grazing occurring, which

could be a result of low-level extensive grazing rather than

intensive grazing in other areas. This agrees with the rela-

tionship between the evidence of stock found along transect

walks and autumn sward height (linear coefficient = 0.006,

v1
2 = 8.43, P = 0.004; quadratic coefficient = -0.0001,

v1
2 = 17.64, P \ 0.001, Fig. 5b) whereby higher levels of

stock grazing decrease the average autumn sward height, but

at a medium level, an optimum sward height was achieved.

As described in both multiple regression models (Table 1)

and single regression models (Table 2), numbers of webs

increase with higher sward height in autumn. Over all nine

sites there was a significant decrease in autumn sward height

(linear coefficient -1.49, v1
2 = 19.20, P \ 0.001), although

at one site, Redmoor, there was a positive increase (linear

coefficient 1.87, v1
2 = 7.50, P = 0.006).

Has E. aurinia responded to management

across the mid-cornwall moors?

Figure 6a clearly shows the dramatic decline in numbers of

larval webs found (linear coefficient -0.32, v1
2 = 15.45,
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P \ 0.001) and adult butterflies seen (linear coefficient

-0.19, v1
2 = 7.83, P = 0.005) over the entire study site

despite management, at those transects occupied at least

once during the study. However, during the project there

was a colonisation event at Redmoor (Fig. 6e) and conse-

quently there was an increase in web density (linear coef-

ficient 0.321, v1
2 = 1.94, P = 0.164) and adult density

(linear coefficient 0.776, v1
2 = 6.49, P = 0.011), but only

the latter significant.

Discussion

Across the thirty-three transects occupied at least once

during the study period, larval webs preferred areas of

habitat with higher density of their host plant S. pratensis,

in combination with a suitably tall sward height in autumn

and optimum levels of stock grazing. However, across the

entire nine sites there could be a possible conflict of interest

between achieving the desired levels of S. pratensis and

autumn sward, as more recent grazing seems to increase

autumn sward height but lower the density of S. pratensis.

Being an inferior competitor (Buhler and Schmid 2001),

S. pratensis may be getting outcompeted by taller vegeta-

tion such as M. caerulea by reducing access to light and

nutrients, and reducing opportunities for germination.

Caution should be taken when interpreting results of sward

height, as it is intuitively unlikely that an ever-increasing

height of sward would continue to have positive effects on

numbers of larval webs. Previous studies have also shown

an optimum level of sward over which the likelihood of

E. aurinia presence decreases (Konvicka et al. 2003). A

lack of data, or the short period over which the study was

done, may mean that a quadratic relationship between

larval webs and autumn sward height was not found. It

should be noted that ‘continuous’ levels of grazing produce
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Fig. 4 Temporal comparison of S. pratensis density for each site (%

of transect points where S. pratensis was present) over the 5 years of

the project. ± standard errors of mean S. pratensis density calculated

across transect areas within sites. Analysis across all nine sites

showed no significant change in S. pratensis density (v1
2 = 2.83,

P = 0.09)
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both desired outcomes, and without knowing the particular

stocking densities could be inferred as low-level extensive

grazing over prolonged periods. This compliments the

quadratic relationship found between evidence of stock

grazing and both numbers of larval webs and autumn sward

height—both responding favourably to optimum medium

levels of stock grazing. Although densities of adult

E. aurinia were not affected by the habitat variables

measured, they were a direct result of the density of webs

the previous year, and so by managing for one the other

will also benefit. There will undoubtedly be other habitat

variables that were not measured in the current study, but

which will be of huge importance for the presence of adult

E. aurinia, such as availability or density of nectar sources.

Using management tools to create suitable habitat

Due to differences between the needs of adults and larvae, it

is often difficult to determine the ‘optimal’ level of habitat

variables needed for the species as a whole. Previously,

much work to decipher what constitutes as ‘suitable habitat’

and ‘favourable condition’ has been done on the basis of the

adult butterfly’s preferences (Betzholtz et al. 2007), but this

is often not the most useful measure. The density of the host

plant is irrelevant for adult butterflies’ survival as they feed

opportunistically upon the nectar of other flowering plants

(Anthes et al. 2003), as S. pratensis does not flower during

the flight period. Here we presented both larval web counts

and adult surveys, as it is still crucial to maintain a favour-

able habitat for the adult stage. However, it appears the

adults rely on none of the habitat variables measured, but

densities are directly related to the number of webs the

previous year. Consequently, if the habitat suits the

requirements of the larvae, it will also have a positive, if

indirect, effect on adult butterfly numbers.

Intermediate levels of grazing were seen to maximise

autumn sward height, perhaps to an optimum level, and

density of S. pratensis—both important for larval webs, but

neither showing significant improvements over all sites.

Although Lewis and Hurford (1997) found no significant

effect of management on population size, Peet et al. (1999)

found that plant species richness was higher in managed

plots, which were also more structurally heterogeneous.

Peet et al. therefore, suggested that patches could be left

unmanaged on a 2-year rotation without significantly

affecting the composition of the plant community. Cutting,

or mowing, is also used as a management tool on some

E. aurinia sites and is reported to be similarly suitable (Dolek

and Geyer 1997) yet intrinsically difficult on damp grass-

lands due to uneven terrain. Swaling can open up vegetation

that was previously too dense, but eventually leads to a

reduction in S. pratensis abundance by encouraging growth

of M. caerulea. With the lack of swaling influencing any

habitat variables on the mid-Cornwall Moor sites, it seems

the key for management of these wet grasslands is grazing at

an intermediate level so as not to allow over-grazing but not

leave sites abandoned. Achieving this optimum is difficult as

it is not easy to arrange suitable grazing regimes on damp

grassland sites of low agricultural value.

Response of the butterfly—are we doing enough?

Bulman et al. (2007) demonstrated that to achieve popu-

lation persistence in the long term more than 70 ha of
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suitable breeding habitat is needed to be in favourable

condition. 1,050 ha of land was encompassed by the nine

mid-Cornwall Moors project sites, but not all was in the

right condition. In 2004 it was estimated from digitised

National Vegetation Classification (NVC) maps that there

was 315.8 ha of potential habitat across the nine sites. At

the start of the project 15 ha of this was thought to be in

favourable condition. By the end of the project, this figure

had increased by 115–130 ha in 2008. Although there

seems to be enough suitable habitat to support the contin-

ued functioning of the metapopulation, numbers of

E. aurinia cast doubt on the ability of the metapopulations

to survive over the longer term.

It is possible that, regardless of the management and

potentially improved habitat, E. aurinia simply cannot

respond because of other limiting factors. Ford and Ford

(1930) reported huge fluctuations in numbers of E. aurinia

across the years, from swarms covering hedgerows to

dwindling numbers close to extinction. Such large fluctu-

ations may be attributed to unmanageable climatic fluctu-

ations, or to top-down effects of natural enemies, especially

parasitoids (Porter 1983).

It is recommended to use larval web counts as the most

reliable indicator of population size (Lewis and Hurford

1997), but our results show a steep significant decline in

both adult and larval densities across all nine sites of the

mid-Cornwall Moors, except at Redmoor where there was

an apparent colonisation event during the lifetime of the

project. The increase in webs and adults at this site was not

found to be significant, but if the population continues to

grow over the next generation or two, it will be a huge

success for the project.

It is possible that the overall trend presented here is not

wholly correct, as the last 2 years of monitoring experi-

enced unusually high levels of rainfall and poor weather

during the flight period. Recent densities may have been

low for this reason alone, and good weather for the next

couple of generations could see a massive improvement

due to better condition of the habitat.

The significant decline could also be a result of severe

inbreeding (Saccheri et al. 1998). While there are ad hoc

records of wandering adults outside of the known breeding

subpopulations it is not known whether the mid-Cornwall

Moors populations intersperse with each other, and hence
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whether the metapopulation is still functioning and fulfilling

the four necessary conditions for persistence (Hanski 1999;

Hanski et al. 1995). If it is not, there is likely to be a sig-

nificant increase in homozygosity, or loss of genetic varia-

tion. Hanski et al. (1994) estimated that approximately 80%

of Melitaea cinxia butterflies spend their entire lifetime in

the natal patch—a pattern that is likely to be mirrored in

E. aurinia and will undoubtedly increase the probability of

inbreeding depression. Recent studies (Joyce and Pullin

2003; Sigaard et al. 2008) have indicated restrictions of gene

flow within E. aurinia metapopulations and emphasize the

need for networks of suitable habitat. Increased levels of

emigration as a mechanism of the ‘Allee effect’ (Kuussaari

et al. 1998) may also be exacerbating the problems of small

populations by reducing numbers further, or we may be

witnessing the payback of the mid-Cornwall Moors’

‘extinction debt’ (Bulman et al. 2007; Tilman et al. 1994).

Implications for the conservation of E. aurinia

across the mid-cornwall moors, and beyond

Much is now known about the ecology and conservation of

E. aurinia (e.g. Bulman 2001; Porter 1981; Warren 1994)

and the microhabitat preferences of both adults and larvae

(e.g. Anthes et al. 2003; Betzholtz et al. 2007; Konvicka

et al. 2003) as well as the viability of some populations

across the species’ range (e.g. Bulman 2001; Schtickzelle

et al. 2005; Wahlberg et al. 2002) using the incidence

function model (IFM) (Hanski 1994) to predict occurrences

of E. aurinia over a network of habitat patches. A next step

for the mid-Cornwall Moors metapopulation would be to

conduct a population viability analysis and determine what

possible future E. aurinia has there. Combined with the

usage of habitat distribution models (Early et al. 2008) and

studying the gene flow within and between populations, a

solid management plan for the area could be envisaged.

It is sensible to conclude that short term studies are not

enough for the responses of species to be measured on, or

decisions based on for correct management. We may either

be underestimating the re-colonisation of restoratively

grazed patches (Pöyry et al. 2005) or alternatively we could

be underestimating levels of population turnover and con-

sequently, underestimating extinction threats (Thomas

et al. 2002). Most assessments of metapopulation dynamics

have based inferences on one or two year abundances or

dynamics (e.g. Anthes et al. 2003; Hanski 1994; Hanski

and Thomas 1994; Wahlberg et al. 1996). We show that

even after 5 years of monitoring, more time is needed to

allow restoration of habitats and responses of populations.

However, our analyses of the mid-Cornwall population

time series demonstrate that key, manageable habitat

variables can be used to predict population densities, and

manipulated to increase the suitability of habitats for

population growth and establishment (whether by natural

dispersal processes or via reintroduction schemes).
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