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an alarming example in an increasingly fragmented landscape?
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Abstract Mediterranean countries like Portugal and

Spain, so far characterised by extensive traditional land use

over major parts of their territories, have been less affected

by species losses. However, they are facing severe changes.

As a model organism we chose the butterfly Euphydryas

aurinia, highly threatened in Central Europe but still

common at the Iberian Peninsula, for a mark-release-

recapture survey in the western Algarve. We examined key

factors for stabile metapopulation systems to assess the

ability of long-term survival in the increasingly fragmented

landscapes of the Iberian Peninsula. The density of the

examined population was high (ca. 2,200 individuals/ha).

However, the MRR-based proportion of individuals mov-

ing longer distance classes showed a better fit to the neg-

ative exponential function than to the inverse power

function implying restricted dispersal behaviour. The ori-

entation pattern of short distance movements (\10 m)

proved to be independent from habitat structures. In con-

trast, longer movements ([10 m) were strongly orientated

along the main habitat axes revealing the importance of

internal habitat structures for the orientation of dispersing

individuals. Based on these data, we discuss the severe

consequences for the fauna of the Iberian Peninsula in an

increasingly fragmented and monotonous landscape.
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Introduction

The recent and strong decline of biodiversity caused by

anthropogenic impacts is a phenomenon of world-wide

implication (Ostfeld and Logiudice 2003; O’Connor and

Crowe 2005; Brooks et al. 2006). However, not only global

biodiversity hotspots like tropical rainforests and coral

reefs have been affected by these losses, but the European

continent is equally concerned (Greuter 1994; Thomas

et al. 2004; Schmitt and Rákosy 2007). Therefore, the

member states of the European Union established the

NATURA 2000 program to counteract the biological

depletion of Europe and to conserve the typical diversity in

all of its regions (Commision of the European Communi-

ties 2002; Mehtälä and Vuorisalo 2007). To reach this goal,

a respectable number of animal and plant species as well as

habitats are strictly protected and listed in several Annexes

of the Habitat Directive (Kudrna 2000).

The increasing destruction, degradation and fragmenta-

tion of habitats is considered to be the most important

reason for the alarming species loss during the last few

decades (e.g. Abbitt et al. 2000; Fahrig 2003; Henle et al.

2004). Nevertheless, the member states of the European

Union are unequally concerned reflecting the differences in

land use and in the stage of agricultural development

(Konvicka et al. 2006; Schmitt and Rákosy 2007). Highly

industrialized countries like the Benelux region have lost

much of their habitat heterogeneity and original biodiver-

sity over the last century (Bos et al. 2006; Konvicka et al.

2006). In contrast, countries like Portugal and Spain have

been less affected so far due to the extensive traditional

agriculture that can still be found over wide parts of their

territories (van Swaay and Warren 1999; Maravalhas

2003). However, changes in land use proceed quickly even

in these countries confronting fauna and flora with
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consequences that are unknown up to now. In the near

future, the increasing fragmentation of the landscape and

the progressive habitat loss caused by the intensification of

agriculture and infrastructural developments may therefore

become the most important issues for conservation biology

in these areas. Hence, it will be of essential importance to

obtain knowledge about specific indicator organisms to

analyse their potential to adapt to these new circumstances

and to minimize the negative consequences for the biodi-

versity as a whole. This may help to avoid similar devel-

opments as those being responsible for the critical situation

of many species groups in Central Europe.

As a model for such an approach, we selected the but-

terfly Euphydryas aurinia (Rottemburg 1758) listed in

Annex II of the Habitat Directive. The species mentioned

in this Annex are accepted as highly sensitive indicator

species for specific habitat structures (Fartmann et al.

2002). In the group of indicator organisms, butterflies are

considered to be particularly sensitive because of (1) their

rapid reaction on environmental changes which are much

more dramatic than in plants or long-living animals, (2)

their susceptibility to chemicals used in agriculture and (3)

their often very specific habitat requirements and complex

interactions with plants (McGeogh 1998; Lomov et al.

2006).

Euphydryas aurinia is a univoltine butterfly that colo-

nizes a great variety of different habitats over large parts of

the Palaearctic. In Central Europe and the UK, it is found

on dry calcareous grasslands as well as in damp acidophilic

grasslands and mires (Warren 1994; Joyce and Pullin 2003;

Fowles and Smith 2006). The most important larval food

plants in these areas are Succisa pratensis and Scabiosa

columbaria (Asher et al. 2001; Anthes et al. 2003; Konvicka

et al. 2003; Hula et al. 2004; Betzholtz et al. 2007). In

general, the ecology and population biology in this region

is relatively well understood. However, E. aurinia is highly

threatened by extinction in Central Europe due to dramatic

damages of the habitats during the last few decades (van

Swaay and Warren 1999; Asher et al. 2001; Schtickzelle

et al. 2005; Bos et al. 2006; Bulman et al. 2007).

In contrast to these populations, the endemic taxon of

the Iberian Peninsula, E. aurinia beckeri (Herrich-Schäffer

1851), is not considered to be declining or threatened so far

(van Swaay and Warren 1999; Maravalhas 2003; Thomas

et al. 2008). Its populations typically dwell in open Quer-

cus woodlands and extensively used meadows with a high

proportion of shrubby structures (Warren et al. 1994;

Munguira et al. 1997). The larvae use a completely dif-

ferent type of food plant: shrubs of the genus Lonicera

(Peñuelas et al. 2006; Stefanescu et al. 2006). Beside these

ecological adaptations, a number of morphological differ-

ences exist in E. aurinia beckeri that provoke a continuous

discussion about its taxonomic status (Kudrna 1986;

Munguira et al. 1997). Nevertheless, the current data basis

for this taxon is considerably less than for the Central

European one.

Long-term survival in a fragmented landscape will

depend on different ecological key-factors enabling the

persistence of stable metapopulation systems of a species

(Baguette 2003). Therefore, we selected a study site in

southern Portugal and performed a mark-release-recapture

study all over the flight period of E. aurinia beckeri to set a

deeper understanding of the ecology and the adult behav-

iour of this protected species. In a first step, we analysed

the population densities and the local distribution of the

individuals. The number of individuals in a population has

a considerable impact on the probability of colonizing

isolated habitats while the dependence on specific habitat

structures characterises the ecological requirements of a

species. Furthermore, we examined the dispersal behaviour

and the movement pattern of the individuals influencing the

functioning of a metapopulation system more directly.

Dispersal distances are of central importance as they define

the spatial scale of the metapopulation and determine the

range of recolonisation after extinction events (Hanski

1998, 2004).

Regarding E. aurinia beckeri as an indicator organism

of specific habitat structures, these data are of high rele-

vance for the conservation of this protected species, but

also for species linked to the same habitat or faced to

similar conservation problems. Still unthreatened and

common in Iberia, this taxon may also act as a model

organism revealing the effects and consequences of

the increasing landscape fragmentation at the Iberian

Peninsula.

Materials and methods

Study area

The study area is located in the western Algarve, Portugal

(37�130N, 8�460W) and comprises a mosaic of extensively

used meadows and fallows embedded in a vast area of hilly

maquis shrubland at an altitude of 150–200 m. The

meadows follow small creeks often surrounded by hedges

of Rubus fruticosus agg. interspersed with single Oak trees

(mainly Quercus suber). Lonicera periclymenum, the larval

food plant of E. aurinia in this area, is quite frequent in and

along these hedges. For our study, we selected an assort-

ment of loosely connected meadows (total 3.6 ha) where

larvae of E. aurinia were observed in abundance in March

2007. These sites were subdivided into eight patches based

on prominent landmarks (e.g. separating hedges and

unfortified pathways) or changes in vegetation structure

(Fig. 1).
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Mark release recapture (MRR)

We performed a MRR-study (37 samples over 21 days)

between 14th of April and 18th of May 2007. On each day

with suitable weather conditions (less than 50% clouds,

temperatures [20�C, weak or moderate wind), one person

passed twice through the whole study area (9.30 a.m.–1.00

p.m. and 1.30 p.m.–5.00 p.m.) and netted all available

individuals of E. aurinia. Each captured butterfly was

marked with an individualised code at the underside of the

wings using a waterproof pen (Staedtler, Lumocolor S).

The code consisted of one letter (A–H) for the capture

patch and a respective running number. The following

information was noted before release additionally to the

individual code: sex, GPS data of the capture point

(Magellan Meridian Platinum, measuring accuracy:\3 m),

exact time of capture, wing wear (1–4 scale: with 1 being

fresh and 4 being heavily damaged cf. Munguira et al.

1997; Zimmermann et al. 2005) and the behaviour prior to

capture (flying, fighting, courting, mating, feeding, resting).

We used POPAN 5.0 in program MARK v.4.3. (Cooch

and White 2007) to calculate estimates of daily population

sizes based on the Jolly–Seber method for open populations.

POPAN 5.0 estimates three primary parameters: survival

probability (phi), capture probability (p) and proportional

recruitment (pent). These parameters may be constant (.),

depending on sex (g), responding to time in factorial (t),

linear (T) or quadratic (T2) manners, or displaying additive

(g ? t, g ? T…) or interactive (g 9 t, g 9 T…)

interactions (cf. Kadlec et al. 2010). The capture proba-

bility might also depend on the sampling effort (SE)

(Cooch and White 2007). The sampling effort was calcu-

lated as the time interval per day spent with butterfly

marking in the habitat.

We analysed the different combinations of the parame-

ters mentioned above and chose the model with the lowest

value for the corrected Akaike Information Criterion

(AICc) as best supported. Furthermore, we used the same

POPAN model to estimate the total size of the examined

population separately for both sexes. As total size we used

the gross numbers (as mentioned in Schwarz et al. 1993) as

the probability for an individual to emerge and die between

two sampling events was quite low due to the high fre-

quency of sampling.

Mobility

The detailed GPS data set of capture/recapture events

obtained in this MRR study was used to analyse the

movement behaviour of E. aurinia. We calculated the total

distances between all capture/recapture events to get

insights into the sedentariness of the individuals. These

distances were used to fit our data to two different math-

ematical models commonly applied to find the best pre-

diction of rare long distance movements (Baguette 2003;

Kuras et al. 2003; Fric and Konvicka 2007): the negative

exponential function (NEF) and the inverse power function

(IPF). We calculated the inverse cumulative proportion of

individuals moving certain distance classes while each

distance class represented a 20 m interval. These data

where fitted to the NEF and the IPF function separately for

both sexes using linear regression analyses. Additionally,

we performed the same analyses with 30 m intervals sep-

arately for both sexes to exclude artefacts based on the

selected interval size.

For the NEF, the relative proportion of individuals

moving to distance D is

INEF ¼ ae�kD respective ln I ¼ ln a� kD:

The parameter a represents a scaling constant while k is

the dispersal constant describing the shape of the

exponential curve. Under the IPF, the proportion I is

expressed as

IIPF ¼ cD�n respective ln I ¼ ln c� n ðln DÞ;

where c is a scaling constant and n a variable describing the

effect of the distance on the dispersal (Baguette 2003). We

applied F-statistics (SPSS 10.1, curve estimation) to deter-

mine the significance of the curve fitting for the NEF and the

IPF. Comparing the results of both analyses, we used the

best-fit-model to predict the proportion of individuals mov-

ing to distances beyond those covered by our MRR study.

Fig. 1 Map of the MRR study site of Euphydryas aurinia beckeri in

the western Algarve, Portugal. Grey: studied patches (specified with

letters A–H based on variable vegetation structures); bold black lines:

creek

J Insect Conserv (2010) 14:237–246 239

123



We performed a separate analysis of the 150 individuals

captured during both sampling sessions of one single day to

exclude the influence of the different time intervals elapsed

between the capture events. The time difference between

both captures was similar (3–4 h) for these individuals due

to the same route of the transects. We related distance

moved by these individuals to the respective time intervals

between captures and calculated the average moving dis-

tance per hour.

The GPS data of the 150 individuals mentioned above

were also used for analyses of the orientation of the but-

terflies in the field depending on their respective moving

distances (an example is given in Fig. 2). We calculated the

main axis of every habitat as the regression line of the GPS

points of the respective habitat borders. Furthermore, we

distinguished three different classes of the movements of

the mentioned individuals (\10 m, 10–20 m, [20 m) and

analysed the angles between the translocation of the single

individual and the main axis of the habitat, in which the

individuals have started, separately for every class. The

resulting angles were classified into six equal sections at a

scale from 0� to 90�.

Based on a circle around the starting point with the

radius of the moved distance of the respective individuals

(Quantum GIS 0.9.1.) we determined, which deviation

classes from the habitat main axis would have been pos-

sible (Fig. 2). Deviation classes outside the habitat were

excluded. The remaining classes were pooled to six equal

sections as described above. These values were considered

as the expected distribution of moving angles and were

compared against the distribution and frequency of the

observed moving angles by v2 tests as mentioned in

Batschelet (1981). The analyses for comparing the

observed versus the expected moving direction of the 150

individuals were also performed separately for both sexes

to reveal potentially different sex-related behaviour

patterns.

Results

Demography and population size

We marked 2,568 individuals during our MRR study and

obtained 1,150 recaptures of 735 individuals (Table 1).

The number of marked and recaptured individuals varied

strongly among the different patches (Table 2).

The lowest Akaike Information Criterion (AICc) for

POPAN 5.0 was reached with a model presuming a qua-

dratic dependency of time on the survival rate, an additive

dependency of sex and factorial time on the capture

probability, an interactive dependency of sex and factorial

time on the proportional recruitment, and sex-dependency

on the number of individuals in the population (Table 3).

The daily population sizes obtained with the best sup-

ported POPAN 5.0 model revealed the first individuals of

both sexes appearing at the same date (Fig. 3). Neverthe-

less, the number of males increased more rapidly than the

number of females. Therefore, the pattern of emergence

shows protandrous tendencies with a daily maximum

number of males around 2 weeks before that of the

females.

The estimated total size of the population in the study

area was high. We estimated a total [gross] number of

approximately 4,970 (95% confidence interval 4600–5340)

males and 3,030 (95% confidence interval 2620–3440)

females in an area of 3.6 ha, suggesting a population

density of about 2,220 individuals per hectare.

Mobility

Most of the individuals were very sedentary: almost 70%

of the males and 83% of the females did not move more

than 60 m between two capture events (Fig. 4). The dis-

tance moved per hour (Fig. 5) shows a very similar pattern

to that of distance moved between recapture events (Fig. 4)

and therefore indicates a minor influence of time interval

on capture events.
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Fig. 2 Hypothetical example for comparing the observed versus the

expected moving direction of Euphydryas aurinia beckeri in the

western Algarve, Portugal. An individual is dispersing from A to B in

a habitat (light grey). This realised dispersal is grouped into the class

2 with 15�–30� deviation from main habitat axis (bold grey double
arrow). The main habitat axis is calculated by regression analysis of

the GPS coordinates of the patch border points. A circle with the

distance AB as radius and A as centre was constructed. This circle
was subdivided into six deviation classes (with 1 = 0�–15� up to

6 = 75�–90� deviation from the main habitat axis). If [50% of the

outer circle line was within the habitat, this section was included in

the expansion possibilities from A with distance AB (dark grey area).

In our example, the individual would have alternatively used 3 of the

0�–15�, 15�–30� and 30�–45� sections each and one of the 45�–60�
and 60�–75� sections respectively. No dispersal in the 75�–90� was

possible without leaving the habitat. Based on such data for all

observed movements, a hypothetical deviation from the main habitat

axis was calculated inferring random choose of the angle without

leaving the habitat
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The average dispersal distance of males (53.5 m ±

1.97 S.E.) was significantly larger than in females

(39.1 m ± 3.01 S.E.) (U test; P = 0.0001). Consequently,

males were recaptured more frequently in foreign patches

than females (2 9 2 tables v2-test: v2 = 7.78; df = 1;

P = 0.0053) (Table 1).

The results of fitting the inverse cumulative proportion

values of individuals moving certain distance classes to the

negative exponential function (NEF) and the inverse power

function (IPF) based on 20 m intervals are shown in

Table 4. The fit of all curves was highly significant.

Comparing the R2 values suggests a better fit of the NEF

than of the IPF for both sexes. Following the NEF function,

the estimated proportion of males moving distances of

500 m, 1 km and 2 km are 3.6 9 10-3, 5.9 9 10-8 and

1.7 9 10-17, while the IPF predicts values of 0.14, 0.02

and 3.6 9 10-3. For the females, the estimated proportions

amount 7.1 9 10-3, 3.2 9 10-7 and 6.6 9 10-16 follow-

ing the NEF and 0.35, 0.08 and 0.02 following the IPF for

the same distances. The analyses based on 30 m intervals

also revealed a better fit of the NEF than of the IPF for both

sexes (males: IPF: R2 = 0.84; NEF: R2 = 0.98; females:

IPF: R2 = 0.93; NEF: R2 = 0.97) and therefore support the

calculations mentioned above.

Table 1 Results of the MRR study of Euphydryas aurinia beckeri in the western Algarve, Portugal, separately for both sexes: number and

proportion of marked and recaptured individuals, movements between patches, longest moving distances and maximum residence time

Marked

individuals

Recaptured

individuals

Recapture

events

Recapture

ratio (%)

Individuals recaptured in

foreign patches

Longest

move (m)

Maximum residence

(days)

Males 1776 526 840 29.6 236 349 31

Females 792 209 258 26.4 59 283 20

Table 2 Patch sizes and results of the MRR study per patch: number and proportion of marked and recaptured individuals of Euphydryas
aurinia beckeri and estimated densities

Patch Size (ha) Marked individuals Recaptured individuals Recapture ratio (%) Marked individuals/ha

A 0.30 325 98 30.2 1,083

B 1.16 19 7 36.8 16

C 0.20 236 73 30.9 1,180

D 0.26 117 42 35.9 450

E 0.28 73 20 27.4 261

F 0.44 618 159 25.7 1,405

G 0.38 434 142 32.7 1,142

H 0.63 746 194 26.0 1,184

Table 3 Comparison of the best models of the POPAN 5.0 analyses for estimating the daily population sizes of Euphydryas aurinia beckeri in

the western Algarve, Portugal: corrected Akaike Information Criterion (AICc), DAICc and number of considered parameters

Model AICc DAICc Number of parameters

{phi (T2) p(g ? t) pent(g*t) N(g)} 6928.40 0 53

{phi (g ? T2) p(g ? t) pent(g*t) N(g)} 6935.99 7.59 53

{phi (g ? T) p(g ? t) pent(g*t) N(g)} 6936.07 7.67 51

{phi (T) p(g ? t) pent(g*t) N(g)} 6940.16 11.76 54

{phi (T2) p(t) pent(g*t) N(g)} 6943.25 14.85 52

{phi (g ? T2) p(g*t) pent(g*t) N(g)} 6943.95 15.55 67

{phi (g*T) p(g ? t) pent(g*t) N(g)} 6950.42 22.02 54

{phi (T2) p(g*t) pent(g*t) N(g)} 6953.55 25.15 69

{phi (T2) p(g*t) pent(g ? T2) N(g)} 6954.24 25.84 49

{phi (g ? T) p(g*t) pent(g*t) N(g)} 6954.25 25.85 66

Basic variables: survival rate (phi), capture probability (p), proportional recruitment (pent), total number of individuals (N). Depending variables:

sex (g); factorial (t), linear (T) and quadratic (T2) dependency on time. The model with the lowest AICc (first model) was chosen as best

supported

J Insect Conserv (2010) 14:237–246 241

123



Orientation in the field

Individuals captured in both sampling sessions of one

single day showed distance dependent orientation in the

habitat. Thus, individuals with a total moving distance

\10 m over this time period showed no significant dif-

ferences from the expected ones based on random dispersal

possible under the habitat structure encountered by the

respective individuals (Fig. 6: v2-test: v2 = 1.22; df = 5;

P = 0.94). In contrast, movements[10 m deviated highly

significantly from the expectations for these two dispersal

distance classes (Fig. 6: v2-tests: movements 10–20 m:

v2 = 16.85; df = 5; P \ 0.005; movements [20 m v2 =

38.49; df = 5; P \ 0.001), with nearly 50% of the inter-

mediate movements (10–20 m) and 60% of the longer

movements ([20 m) not deviating more than 15� from the

main habitat axes; we expected 21.5 and 27.3%, respec-

tively, for these classes. This pattern can therefore not be

explained with the continuously increasing effect of the

mostly longitudinal shape of the patches. Furthermore, the

decline between the first class (0�–15�) and the following

class (15�–30�) is abrupt from individuals dispersing\10 m

to those dispersing [10 m (reflected in v2-homogeneity

tests testing the observed distributions between groups;

\10 m vs. 10–20 m: v2 = 10.375, df = 5, P = 0.065;

\10 m vs.[20 m: v2 = 22.172, df = 5, P \ 0.001), but not

if comparing individuals dispersing 10–20 m against those

moving[20 m (v2-homogeneity tests: v2 = 2.912, df = 5,

P = 0.713). Consequently, the results indicate the existence

of two different kinds of movement pattern: a random dis-

persal of short distance movements and a more direction

orientated dispersal along habitat structures during medium

and long distance movements.

Discussion

Population densities and habitat conditions

Our mark-release-recapture study revealed a much higher

estimated population density than in other studies per-

formed with E. aurinia (Lewis and Hurford 1997; Anthes
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et al. 2003; Hula et al. 2004). The generally lower densities

of the Central European E. aurinia populations might be

caused by the different ecological demands and particularly

by the different larval food plants used. As an expansive

climbing plant, Lonicera has the potential to build up a

remarkable amount of biomass in restricted areas. In years

with suitable climatic conditions and low parasitoid den-

sity, such abundant resources allow a rapid population

growth. In contrast, the use of herbaceous plants like

Succisa and Scabiosa in Central Europe may more effec-

tively limit the population density due to the restricted

growth potential of these plants and their lower biomass.

Prediction of long distance movements:

NEF versus IPF

The estimation of long distance movements is one central

goal in conservation biology. These movement events are

of high importance to build functional metapopulation

structures and to ensure long-term survival in a fragmented

landscape (Hanski 1998; Schtickzelle and Baguette 2003;

Baguette and Mennechez 2004). Nonetheless, the effective

dispersal behaviour of a species is difficult to determine

and may also depend on the habitat quality as well as the

spatial scale of the respective study area (Schneider 2003).

Therefore, using predefined models like the negative

exponential function (NEF) and the inverse power function

(IPF) only yield approximations to predict the probability

of long distance movements. In this context, some authors

suggest that the IPF in general provides better estimates of

the real dispersal capability of a species than the NEF,

which may underestimate the probability of long distance

movements (Baguette 2003; Zimmermann et al. 2005).

However, the results of our analyses (R2 values of calcu-

lations based on 20 or 30 m intervals) give evidence that

the NEF model more accurately describes the movement

behaviour of E. aurinia beckeri in our study site for the

year 2007. Therefore, we get no evidence for the general

superiority of IPF over NEF.

Orientation of butterflies

Our data allow the distinction between two different kinds

of movement pattern of individuals: The direction of short

distance movements (\10 m) was randomly chosen and

independent from the respective main habitat axis (Fig. 6).

Therefore, behaviour at a small scale like searching for

nectar resources seems not to be influenced by larger

habitat structures. On the other hand, the moving pattern

switches abruptly to a strong direction along the habitat

axis if the movement ranges over larger distances. These

Table 4 Results of fitting the inverse cumulative proportion of individuals moving certain distance classes to the negative exponential function

(NEF) and the inverse power function (IPF): formulas, stability indices and F-statistics for both sexes

Sex Function Formula Stability index (R2) F-statistic for fitting

Males IPF I = 698.70 (±533.53) D-2.64 (±0.35) 0.78 F = 55.95

ln(I) = 6.55 - 2.64 ln(D) df = 16; P \ 0.001

NEF I = 213.46 (±61.38) e-0.44 (±0.03) 0.94 F = 269.67

ln(I) = 5.36 - 0.44 (D) df = 16; P \ 0.001

Females IPF I = 317.93 (±172.37) D-2.12 (±0.27) 0.83 F = 61.69

ln(I) = 5.76 - 2.12 ln(D) df = 13; P \ 0.001

NEF I = 155.46 (±23.36) e-0.40 (±0.02) 0.97 F = 596.79

ln(I) = 5.05 - 0.40 (D) df = 13; P \ 0.001

The estimated proportion of individuals (I) is calculated for distance classes (D) of 20 m intervals

Fig. 6 Observed and expected turning angles from the main habitat

axes depending on the total moving distance. For the analyses we

used the GPS data of the capture and recapture points of 150

individuals of Euphydryas aurinia beckeri netted in both sampling

sessions of one single day. The turning angles are pooled with a

deviation maximum of 90� from the main habitat axes. Total moving

distance (TD) \ 10 m, N = 42: observed (black bar) versus expected

(star); TD 10–20 m, N = 35: observed (grey bar) versus expected

(circle); TD [ 20 m; N = 73 observed (white bar) versus expected

(triangle)

J Insect Conserv (2010) 14:237–246 243

123



movements may reflect typical patrolling behaviour

(especially in the range of 10–20 m) due to the high pro-

portion of males in the analysis. Concerning movements

[20 m, the linear orientation may also suggest an intended

change of location e.g. to change the patch or to colonise

new habitats. In this context, an orientation along specific

landmarks may help to find the best pathway for dispersal.

Similar observations on orientation of butterflies were

discussed by van Dyck and Baguette (2005) but could not

be statistically verified for E. aurinia so far.

Conservation implications

The current conservation status for E. aurinia in Iberia (e.g.

the density of populations and the number of grid squares

where the species became extinct) is apparently much

better than in Central Europe (Maravalhas 2003; Garcı́a-

Barros et al. 2004). However, this study demonstrates that

the effective risk for the Iberian taxon may be much higher

than previously thought.

The observed dispersal distances in the study site as well

as the estimated probability of long distance movements of

E. aurinia beckeri were considerably less than in studies

performed with other butterflies, even with E. a. aurinia in

Central Europe (Schtickzelle et al. 2005; Fric and Konvicka

2007; Konvicka personal communication). In this context,

our data are supported by the results of Munguira et al.

(1997) calculating similarly low average moving distances

(ca. 50–75 m) for a population of E. a. beckeri in Central

Spain. Considering the current trends in the landscape

changes at the Iberian Peninsula, the negative effects of

habitat destruction and fragmentation are likely to become

critical in the near future due to the progressive change of

traditional land use into intensive industrial agriculture,

abandonment of light grazing, afforestation with mono-

cultures (e.g. Eucalyptus and Pinus), ploughing of fallows

or maquis scrubland and the development of infrastructure.

Based on the combination of the species ecology and the

assumed land use changes, the existing habitat networks of

E. a. beckeri are at risk of collapsing over large parts of

Iberia if the species will be unable to react more flexible

than our data suggest. The consequences of these losses in

patch connectance may be even quicker and more severe

than observed for the highly endangered but better dis-

persing Central European E. a. aurinia.

As an indicator species of the Annex II of the European

Habitat Directive, the potentially critical conservation sit-

uation of E. a. beckeri may also be mirrored by other

Iberian taxa hardly adapted to landscape fragmentation or

requiring similar habitat conditions. Enhancing the

knowledge on regional habitat connectivity and the dis-

persal behaviour of other indicator organisms may there-

fore be essential as control system for the impact of the

forthcoming changes in the landscape structure at the

Iberian Peninsula. This underlines the necessity of further

surveys, especially in sensitive habitats, which may be

most seriously affected by these predicted changes (e.g.

natural and semi-natural grasslands).

Besides the loss and fragmentation of habitats is a

general problem, the increasing depletion of structural

variability within biotopes deserves close attention. As

shown above, hedgerows and forest skirts are essential for

the larval development and as orientation landmarks for

long distance movements. Moreover, these microhabitat

structures possess a general importance for butterfly

behaviour patterns (e.g. perching, resting, basking and

roosting) (Dennis 2004; Dennis and Sparks 2006). How-

ever, hedges and shrubs are frequently eliminated if they

are considered of no value or hamper agriculture. Some

Mediterranean countries (as Portugal) even support such

interventions as these structures are described as a fire

hazard, while disregarding their ecological value.

Constructive cooperation between ecologists, farmers,

landowners and policy makers is therefore highly impor-

tant in decision making processes.

Conclusion

Extensive losses, fragmentation and decreasing heteroge-

neity of natural habitats as observed in many European

countries during the last century, have only recently

become a major problem in the Iberian Peninsula. The need

to counteract these threats may therefore be considered less

important or deferrable in comparison to elsewhere.

However, we should rethink the most efficient way to

conserve the biological diversity of Europe. Beside

extensive conservation programs in Central Europe, the

focus should be set especially on countries that have been

less affected by species and habitat losses so far like Por-

tugal, Spain or some of the new eastern member states (e.g.

Romania and Bulgaria) (Schmitt and Rákosy 2007). As

they may still provide suitable habitat structures and

landscapes for many species endangered at the European

scale, conservation efforts in these countries might be the

most productive for maintaining European biodiversity.

And, last but not least, ‘‘conserving in time’’ may be much

more cost effective than post-event restoration with its

higher expenses.
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