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Abstract. Pseudophilotes bavius hungarica is an endemic butterfly subspecies with high conservation value from 
Transylvania, yet its populations have not been consistently analysed. We assessed two fragments of a 
population of P. bavius hungarica from a botanical natural reserve and its surroundings with Mark-Release-
Recapture method in the years 2004-2006, 2010-2012. The area considered to harbor one of the strongest 
populations known in Romania. Our study shows a fragmentation of the population and a tendency to 
decline in the number of individuals over the last 8 years as a result of abandonment of traditional 
management practices. The short lifespan (3 days) and low mobility (30 meters per day) of this butterfly 
negatively influences its dispersal capacity, which is aggravated by the spread of native and non-native 
shrubs (at a rate of 40% in 5 years), isolating population fragments. 
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Introduction 
 
Food plant specialist Lycaenid butterflies are often 
good indicators of habitat quality and therefore 
some are threatened by habitat fragmentation and 
degradation as a consequence of changes in land 
use (Erhardt 1985, Thomas 1991, Erhardt & Tho-
mas 1991, Munguira et al. 1993, New 1993, Polus 
et al. 2007, Thomas 2012). 

Pseudophilotes bavius is included in the An-
nexes of the Council Directive 92/43/EEC on the 
conservation of natural habitats and of wild fauna 
and flora (annexes II and IV), in the Romanian leg-
islation (OUG nr. 57/2007 approved with 
amendments by Law 49/2011 on the protected na-
ture reserves, natural habitats, wild flora and 
fauna), and in the Red List of Romania (EN) 
(Rákosy 2002, Rákosy et al. 2003). Contrary to the 
classification in the European Red List (Van Swaay 
et al. 2010) it is probably more endangered than its 
threat category suggests due to habitat fragmenta-
tion and isolation of small populations (Van 
Swaay et al. 2012). Furthermore, the taxon P. 
bavius hungarica (Diószeghy 1913) is an endemic 
subspecies from Transylvania. The Transylvanian 
Blue is restricted to steppe-like habitats with 
abundance of the host plant Salvia nutans (König 

1992). One of the largest known populations in 
Transylvania is located in and around the botani-
cal nature reserve in Suatu (county Cluj). Histori-
cally the population occupied the whole Bánffy 
hill (which is included in a Natura 2000 site since 
2007), and is now restricted to two larger patches 
of remaining suitable habitat: inside the nature re-
serve and on a patch of abandoned vineyard ter-
races outside the nature reserve. Observations on 
this population began in 1977 in form of yearly 
observations (Rákosy 1983, 1999). The first Mark-
Release-Recapture (MRR) studies in the nature re-
serve were conducted in 2004 (Vizauer & Adumi-
troaie 2005) and 2005 (Vizauer et al. 2006).  

In this study we assessed the butterfly’s popu-
lation in order to see the effect of habitat reduction 
and its fragmentation in recent years and the effect 
of different land use (protected natural reserve 
with no human intervention and extensively 
grazed former vineyards) on its population size. 
Additionally we registered other parameters 
(flight distance, individual life span etc.) influenc-
ing its survival and dispersal ability.  

The slope of the natural reserve was originally 
covered by a semi-natural grassland rich in relict-
like steppe species (Borza 1931, Resmeriţă 1971, 
Cristea 1994). This habitat type can be considered 
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as the continuation of the south Russian meadow 
steppes. It was stabilized following the last post-
glacial warmer period by removal of forests and 
traditional mowing and partly occasional grazing 
by cattle (Wendelberger 1985, Rákosy 2011). This 
type of land use was beneficial to most of the rare 
and endemic species of plants e.g. Astragalus peter-
fii, Salvia transsilvanica, Cephalaria radiata etc. (Res-
meriţă 1971) and also for the development of a 
population of P. bavius hungarica and a high diver-
sity of other Lepidoptera species (Rákosy 1999). 

A management plan developed by the nature 
reserve administration (Mihuţ et al. 2001) pro-
posed in 2001 the alternating mowing of plots at 
the end of the vegetation period, together with in-
stalling infrastructure to prevent access of cattle 
and sheep to the nature reserve. However, just the 
access of livestock was prevented and no alternat-
ing mowing treatment was applied in the follow-
ing period. We hypothesize that this lack of man-
agement has lead to a significant decline of the 
population of P. bavius hungarica from Suatu (En-
yedi et al. 2008, Rákosy 2011) due to reduction of 
suitable habitat. Furthermore, in order to stabilize 
steep slopes in areas adjacent to the reserve, 
Robinia pseudoacacia plantations were established 
approximately 25 years ago. In the same period 
the natural expansion of  autochtonous scrub spe-
cies such as Crataegus monogyna, Prunus spinosa, 
Rosa sp. also contributed  to the fragmentation of 
the former open steppe-like habitat with a barrier 
between the natural reserve and the former vine-
yards. We verify the possibility of individual ex-
change between population fragments of P. bavius 
hungarica and analyze the threat of their complete 
isolation. 

Based on these findings we propose a series of 
criteria for conservation management. 
 
 
Materials and Methods 
 
Study sites 
Studies were conducted on the Bánffy hill in Suatu, 35 km 
E of Cluj-Napoca (46°47’28” N, 23°57’59”). Two equal-
sized sites (each 7500 m2), representing patches of suitable 
habitat for P. bavius hungarica, were selected, and each 
were subdivided into 12 plots (each 25m x 25m) with high 
density of S. nutans. One of the areas is located inside the 
natural reserve (site A) and the other on the vineyard ter-
races (site B), which have been abandoned for 30-35 years, 
possibly longer, both with the same SW aspect and simi-
lar slope and altitude (23°, 350-375m a.s.l. and 28°, 370-
425 m a.s.l. respectively). In the natural reserve the fol-
lowing plant associations were described by Resmeriţă 

(1971): Stipetum lessingianae, Salvio nutantis-Festucetum 
rupicolae, Festucetum valesiacae-rupicolae, Botriochloetum is-
chaemi and Carici humilis-Brachypodietum pinnati. In site B 
located in the abandoned vineyards following plant asso-
ciations were found: Salvio nutantis-Festucetum rupicolae, 
Stipetum lessingianae, Carici humilis-Brachypodietum pinnati, 
Pruno spinosae-Crataegetum and small patches of Prunetum 
tenellae. The distance between the two study sites is ap-
proximately 1 km and they are partially separated by a 
belt of shrubs of Crataegus monogyna, Prunus spinosa, Rosa 
sp. and dominated by Robinia pseudoacacia (Fig. 1). 

 

Sampling methods 
MRR data from the years 2004, 2005, 2006 were collected 
in the nature reserve site (A) and in 2010, 2011 and 2012 
from both the nature reserve site (A) and former vineyard 
site (B). Butterflies were captured every day (with excep-
tions caused by unfavourable weather in 2004, 2005, 2006 
and 2010) between 9:00 A.M. and 7:00 P.M, between 21 
April – 18 May 2004, 05-18 May 2005, 25 April – 20 May 
2006, 23 April – 11 May 2010, 18 April – 3 May 2011 and 
26 April – 7 May 2012, on a regular basis by the same two 
recorders in any one year, but different recorders from 
year to year. Altogether 9, 7, 6, 10 (site A), 12 (site B), 5 
(site A), 6 (site B) and 11 (site A) and 10 (site B) field trips 
respectively, were conducted in the two study sites, in-
vesting the same time and effort in capturing and mark-
ing, by both recorders. In the case of each cap-
ture/recapture, sex of the captured individual, capture 
time and coordinates of the exact location were recorded. 
In the years 2010-2012 exact location coordinates were re-
corded with a GPS device Garmin GPSmap 60 CSx. The 
sequence in which plots were inspected was alternated to 
avoid systematic effects of time of day. 
 

Statistical analyses 
MRR data with over 5% recapture rates from the years 
2004, 2005, 2010 and 2012 were analyzed to estimate the 
current population size, flight distance and average life-
span of adults of P. bavius hungarica. Data were analysed 
separately for site A in 2004, 2005, 2010 and 2012 and for 
site B in 2010 and 2012, with the Cormack-Jolly-Seber 
type constrained models (Schwarz & Arnason 1996; 
Schwarz & Seber 1999) using the program MARK 6.0 
package (Cooch & White 2010). The performances of the 
models were assessed separately for each site with the 
Akaike Information Criterion corrected for small sample 
size (AICc) (Akaike 1973; Hurvich & Tsai 1989). As rec-
ommended by Burnham and Anderson (2002), after run-
ning predefined models in program Mark, we selected 
the model with the lowest ΔAICc and the smallest num-
ber of parameters. The models considered to best ap-
proximate the effects of factors supported by empirical 
data, are the ones with AICc differing from the minimal 
one by less than 2. In 2010 the best fitted models did not 
coincide for site A and site B. We did not select the same 
model for site A as for site B even though site A had a 
smaller sample size. This decision was made because the 
two sites have two different habitat types. 

Individual life span was estimated using the formula 
ê=(1–φ)–1–0.5 (ê is the individual life span, φ is the sur- 
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Figure 1. Map of the study sites A and B located on the Bánffy hill in Suatu (Cluj County) repre-
senting the land use, expansion of the shrubs over a period of five years between the two study 
sites and present possible passage corridor between them. 

 
 

vival probability) (Nowicki et al. 2005). The parameters 
resulted from analysing the data with the program Mark 
6.0, survival and capture probability, were used to esti-
mate daily number of individuals in each capture occa-
sion (i.e. days of capture) and recruitment of new indi-
viduals into the population. 

We compared the number of marked individuals in 
all years in site A (2004, 2005, 2006, 2010, 2011 and 2012) 
and of estimated individuals in the years 2004, 2005, 2010, 
2012 with a Kruskall-Wallis test, because datasets were 
not normally distributed. Pair wise comparisons between 
numbers of marked individuals and estimated individu-
als per year were computed with a Mann-Whitney U-test 
(with the program StatView 5.0). Comparisons between 
numbers of marked and estimated individuals in the two 
study sites in the years 2010 and 2012 were computed 
with the same non-parametric test. 

The flight distances between recaptures were calcu-
lated (in meters per day: m d-1) pooled for both sites A 
and B because of a low number of recaptures in site A in 
2010 and in site B in 2012. To calculate the mean daily 
flight distance we calculated the mean distance between 
the points of individual capture and recapture events, 
separately for males and females (using ArcMAP 9.2), di-
vided by the number of days elapsed between the two 
events. Comparisons between flight distances of different 
years for all individuals and separately for males and fe-
males and between males and females over the years 2010 
and 2012 and separately in each year were also computed 
with a Mann-Whitney U-test (with the program StatView 

5.0), because datasets were not normally distributed. Be-
cause no significant differences were found between daily 
flight distances of males and females we calculated these 
values pooled over study sites, sexes and years 2010 and 
2012, in order to estimate an overall mobility for this but-
terfly. 
 
 
Results 
 
194 individuals were marked in 2004, 426 in 2005, 
40 in 2006, 474 (in both sites A + B) in 2010, 35 (in 
both sites A + B) in 2011 and 115 (in both sites A + 
B) in 2012.  The recapture rates varied largely be-
tween 0% (in 2011) and 32% in 2012 (Table 1). The 
majority (85%) of the individuals recaptured,from 
all years, were only recaptured on 1 occasion, 13% 
were recaptured on 2 occasions and 2% were re-
captured on 3 ocasions. Most males (82%) were re-
captured after 1 (18%), 2(29%), 3(14%) and 4(21%) 
days. Most females (97%) were recaptured after 
1(32%), 2(23%), 3(19%), 4(11%), 5(7%) and 6(5%) 
days. The population estimates based on the sur-
vival (Phi) and capture (p) probabilities for each 
year varied between years from 60 to 1524 (Table 1).  

Individual lifespan varied between 2.4 and 5.4 
days (Table 1) and maximum life span registered 
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Table 1. Summary of the MRR study, population estimates (computed with MARK 6.0 program) and individual life 
span of Pseudophilotes bavius hungarica in the years 2004, 2005, 2006, 2010, 2011 and 2012. (n.p.- not possible). 

 

Marked  
individuals 

Recaptured 
Individualsa 

Population estimates Year Study 
site 

Capture/ 
recapture 

events ♂♂ ♀♀ Total ♂♂ ♀♀ Total 

Recapture 
Ratio (%) 

No. of 
indiv. 

Modelc Survivald Capture 
probabilityd 

Lifespan 
(days) 

2004 A 9 85 110 195 14 9 23 11.80 825 Phi(.)p(.) 0.660 0.178 2.4 
2005 A 7 146 280 426 21 31 52 12.21 1534 Phi(t)p(.) 0.799 0.126 5.4 
2006 A 6 29 11 40 1 1 2 5.00b n.p.     

A 10 74 69 143 7 2 9 6.29 1001 Phi(g*t)p(.) 0.409 0.118 2.4 2010 
B 12 119 212 331 31 73 104 31.42 1027 Phi(.)p(t) 0.735 0.194 3.0 
A 5 5 4 9 0 0 0 0.00b n.p.     2011 
B 5 19 7 26 0 0 0 0.00b n.p.     
A 11 29 45 74 12 12 24 32.43 149 Phi(.)p(.) 0.673 0.277 2.6 2012 
B 10 11 30 41 3 6 9 21.95 60 Phi(.)p(.) 0.811 0.270 4.8 

 

a individuals recaptured at least once on a different capture occasion in the same study site 
b recapture ratio too low to use in population estimates with program Mark 
c the chosen models have delta AICc <2 and the lowest number of parameters 
d value if constant and average if variable 

 
 
(a male) was 12 days. 

In the nature reserve site (A), we found sig-
nificant differences in different years between the 
numbers of marked individuals (Kruskal–Wallis 
test, H=24.21, p=0.0002) and between the esti-
mated number of individuals per capture occasion 
(Kruskal–Wallis test, H=25.68, p<0.0001). 

In the nature reserve site in 2005 the number 
of marked individuals and the population esti-
mates per capture occasion were significantly 
higher than in the other years (Mann-Whitney U-
test, p<0.05 in all comparisons) (Fig. 2). The num-
ber of marked individuals in the years 2006, 2010-
2012 was significantly lower than in the years 2004 
and 2005, and 2011 had the lowest number of 
marked individuals from the analyzed years 
(Mann-Whitney U-test, p<0.05 in all comparisons). 

The year 2012 had the lowest number of esti-
mated individuals per capture occasion from all 
analyzed years (Mann-Whitney U-test, p<0.05 in 
all comparisons). 

In the abandoned vineyard site (B), we found 
significant differences in different years between 
the numbers of marked individuals (Kruskal–
Wallis test, H=13.74, p=0.001) and between the es-
timated number of individuals per capture occa-
sion (Mann-Whitney U-test, N2010=12, N2012=5, 
Median2010=209, Median2012=30, U=0.00, p=0.002). 
In the abandoned vineyard site in 2010 the num-
ber of marked individuals and the population es-
timates per capture occasion were significantly 
higher than in the other years (Mann-Whitney U- 
test, p<0.05 in all comparisons) (Fig. 3). 

The number of marked and estimated indi- 

viduals in the two study sites was higher in the 
abandoned vineyard site (B) in the year 2010 
(Mann-Whitney U-test NA=10, NB=12, marked in-
dividuals: MedianA=11, MedianB=45, U=21.5, 
p=0.011; estimated individuals: MedianA=47, Me-
dianB=209, U=18.0, p=0.006) (Fig. 4). 

In 2011 and 2012 there were no significant dif-
ferences between sites A and B regarding the 
number of marked individuals and estimated in-
dividuals per capture occasion (Mann-Whitney U-
test, p>0.05 in all cases). 

The mean daily flight distances for both males 
and females pooled over the two study sites was 
27 m d-1 (1 SE: 2.24, n=112) in 2010, and 25 m d-1 (1 
SE: 4.88, n=39) in 2012. In 2010 the mean daily 
flight distances were 27 m d-1 (1 SE: 2.83, n=75) for 
females and 27 m d-1 (1 SE: 3.73, n=37) for males. 
In 2012 the mean daily flight distances were 33 m 
d-1 (1 SE: 8.45, n=21) for females and 17 m d-1 (1 SE: 
3.00, n=18) for males. The mean daily flight dis-
tance pooled over study sites, over sexes and over 
the years 2010 and 2012 was 26 m d-1 (1 SE: 2.08 SE, 
n=151) (Table 2). 

We found no significant differences in the 
daily flight distances between different years 
(Mann-Whitney U-test, p>0.05 in all cases). The 
daily flight distances were marginally significant 
higher for females than for males in 2012 (Mann-
Whitney U-test, Nfemales=21, Nmales=18, Medianfe-

males=24, Medianmales=14, U=265, p=0.03 respec-
tively).  

78% of the females and 76% of the males flew 
daily over a distance of under 30 m (Fig. 5.).  

Considering the mean estimated lifespan of 
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Figure 2. Comparisons between the number of marked 
individuals (a) and the population estimates per capture 
occasion (b) in the nature reserve site from Suatu in dif-
ferent years. Box plots represent 25-75 percent quartiles 
(boxes), median (line inside the box) and standard error 
(whiskers), and different letters (a, b, c, d) indicate sig-
nificant differences (Mann-Whitney U-test, p<0.05) 

 
 

3.4 days, most of the individuals would be able to 
fly in their lifetime over a distance of approxi-
mately 100 m.  

In 2010 one female marked at study site A was 
recaptured at study site B after 5 days (168 m d-1), 
and a male marked at study site B was recaptured 
in the westernmost part of study site A after 4 
days (200 m d-1). In 2012 two females were marked 
at study site B and recaptured at study site A after 
5 days (183 and 232 m d-1 respectively). The pas-
sage way, consisting of a strip of open habitat with 
patches of S. nutans, probably used by these indi-
viduals, was identified near the top of the hill (Fig. 1). 

The area of the shrubs expanded in the time 
period 2004-2009 by 43.58% (4.21 ha); in 2004 it 

 

 
 

Figure 3. Comparisons of the number of marked indi-
viduals (a) and the population estimates per capture oc-
casion (b) in the abandoned vineyard site from Suatu 
between different years. Box plots represent 25-75 percent 
quartiles (boxes), median (line inside the box) and standard 
error (whiskers), and different letters (a, b, c) indicate sig-
nificant differences (Mann-Whitney U-test, p<0.05). 

 
 
measured 9.66 ha and in 2009, it covered 13.87 ha 
(Fig. 1.). 
 
 
Discussion 
 
The P. bavius hungarica population from Suatu 
(Cluj County) is known to be the largest existing 
populations of this taxon in Transylvania; the 
greatest proportion occupied the area of the nature 
reserve (where our study was conducted in the 
years 2004-2006) and a smaller proportion in the 
close surroundings. Presently, this population 
consists of two larger fragments (where our study 
was conducted in 2010-2012) occupying two re- 

(a) 

(b) 

(a) 

(b) 



A. Crişan et al. 
 

S120

 

 
 

Figure 4. Comparisons in the number of marked indi-
viduals (a) and the population estimates per capture oc-
casion (b) between the two study sites (A and B) in the 
year 2010. Box plots represent 25-75 percent quartiles 
(boxes), median (line inside the box) and standard error 
(whiskers), and different letters (a, b) indicate signifi-
cant differences (Mann-Whitney U-test, p<0.05) 

 
 
Table 2. Descriptive statistics for daily flight distances (in 

meters) of P. bavius hungarica pooled over the two inves-
tigated study sites and over the years 2010 and 2012 for 
males and females separately, and pooled over sexes. 

 

Daily flight distances 
 ♀♀ ♂♂ Total 
Median: 19 18 19 
Variance: 789.342 417.194 655.343 
Minimum: 3 2 2 
Maximum: 191 118 191 
Sample size: 96 55 151 
1st Quartile: 12 10 11 
3rd Quartile: 31 30 31 
Mean: 28.175 23.435 26.449 
Standard deviation:  28.095 20.425 25.600 
Standard error: 2.867 2.754 2.083 

 
 

 
 

Figure 5. Distribution of daily flight distances in the two 
individual samples of P. bavius hungarica of from 2010 
and 2012, in both investigated study sites from Suatu 
(Cluj County) for both sexes. 

 
 
maining suitable habitat patches with high abun-
dance of S. nutans, one inside the area of the na-
ture reserve and the other on a patch of aban-
doned vineyard terraces.  

Data from MRR studies showed a decrease of 
the number of individuals, especially in the nature 
reserve site. While in 2010 the former vineyard ter-
races seemed to offer a more suitable habitat than 
the nature reserve, sustaining a larger number of 
individuals, in 2011 and 2012 the situation 
changed, and both population fragments had a 
lower marked and estimated number of individu-
als than in previous years.  

The natural succession of the grassland to-
wards climax vegetation in the nature reserve was 
not hindered by any land use practice after the 
year 2001, when the proposed management plan 
for the nature reserve was not completely imple-
mented (Mihuţ et al. 2001). As a consequence an 
alteration and degradation of the habitat struc-
tures occurred. Abandonment of extensive grazing 
of steppe-like grasslands from Suatu leads to 
changes in plant associations from Stipetum lessin-
gianae to Stipetum pulcherrimae (Enyedi et al. 2008). 
The first is characteristic for persistently and ex-
tensively grazed sites and the second represents 
long abandoned sites. Plant association transfor-
mations brought with them a change in vegetation 
ground cover and with succession a reduction in 
bare ground (of 7%) (Ruprecht et al. 2009). Salvia 
nutans, the exclusive larval host of P. bavius hunga-
rica, depends on the presence of bare ground, and 
was attributed by Ruprecht et al. (2009) to the 
plant alliance (Stipion lessingianae) typical for ex-
tensively grazed sites. Another study from the 
Ukrainian steppe also attributes S. nutans to plant 

(b) 

(a) 
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communities resulted from human activities (Ka-
wada et al. 2005). In Romania, another study de-
scribed the plant to be a xero-mesophyte that oc-
curs on excessively eroded slopes resulted from 
degradation of feather grass associations (Baciu et 
al. 2009). Wakhrusheva & Wakhrushev (2013) de-
scribe the significant loss of true steppe plant 
communities in Ukraine and the Crimean Penin-
sula due to large-scale intensification of grazing on 
the one hand, and to the reserve-induced succes-
sion resulted from strict protection regimes in the 
nature reserves. 

 Previous examples of inappropriate manage-
ment of nature reserves from the UK showed that 
some species of butterflies may even become ex-
tinct on areas especially designated for them 
(Thomas 1984, Warren 1992, Warren 1993). 

Abandonment of traditional land use practices 
since 2001 lead to the expansion of autochtonous 
(P. spinosa, C. monogyna, Rosa sp.) and alloch-
tonous (R. pseudoacacia) shrubs at a rate of ap-
proximately 40% in 5 years (Fig. 1). 

The closing canopy of the shrubs prevents the 
persistence of ground vegetation including nectar 
sources and larval host plants, S. nutans. As P. 
bavius hungarica has a slow flight, it proved to be 
very sedentary (27 m d-1) (mobility class according 
to Pollard & Yates 1993) and has a short life span 
(3.4 days), the presence of suitable nearby habitat 
patches might be crucial for its dispersal. Other 
studies have also identified limited dispersal abil-
ity in small Lycaenid butterflies (Lewis et al. 1997, 
James et al. 2003). The low mobility, however, is 
not necessary an indicator for a higher extinction 
probability, as sedentary species usually require 
smaller habitat patches (Thomas 2000). Further-
more, population fragments resulting from frag-
mentation through shrub expansion could lose 
within-population genetic diversity and become in 
time more genetically differentiated, a feature 
identified for local, isolated populations (Thomas 
& Harrison 1992, Brookes et al. 1997, Lewis et al. 
1997, Castric & Bernatchez 2003, Hampe & Petit 
2005, Besold et al. 2008, Adersen et al. 2014).  

However, if suitable habitat patches are con-
stantly being reduced, while barriers like thick 
shrubs will expand, they will eventually reach the 
point at which habitat size will not be sufficient, 
leading to higher population densities which in 
turn will favour migration. Migration mortality 
might then exceed the reproductive output in the 
local populations (Thomas 2000) because of lack of 
suitable intermediate ‘stepping stone’ habitat 

patches. In Suatu, what once used to be a single 
population of P.bavius hungarica spread out on in-
terconnected habitat patches with high density of 
S. nutans, has now been separated into two larger 
fragments with very low individual exchange (2 
marked individuals both in 2010 and in 2012).  

Between the two population fragments we 
have identified only one passage through the 
shrub belt located near the top of the hill. Several 
individuals were observed transiting this passage, 
using S. nutans stands as stepping stones (Fig. 1).  

Thomas et al. (2001) highlighted the impor-
tance of managing patches for butterfly popula-
tions’ conservation to create optimal habitat. After 
habitat quality, the most important factor in man-
agement success for conservation is providing the 
minimum area of habitat required for a viable 
population (Dennis & Eales 1997, 1999; Thomas et 
al. 2002). There are indications that there may be 
general critical thresholds in habitat loss after 
which extinction is probable (Bergman et al. 2004; 
Andrén 1994). Thus development of efficient man-
agement strategies is urgently needed for this spe-
cies to prevent further habitat loss due to fragmen-
tation.  

One way of improving the chance of a species’ 
survival in an area, is to enhance the availability, 
or accessibility, of non-adjacent habitat patches 
(Ouin et al. 2004), even if they are of suboptimal 
quality. Suboptimal neighboring habitat would be 
important not only for ensuring the dispersal abil-
ity for the P. bavius hungarica population, but also 
because conserving suitable habitat for one species 
might provide suboptimal or even optimal habitat 
for other species too (e.g. Vandewoestijne & Ba-
guette 2004; Belfrage et al. 2005). In the situation of 
the Transylvanian blue from Suatu we should aim 
to restore and maintain an optimal habitat quality 
and size in the two larger remaining habitat 
patches and create new suboptimal habitat pas-
sage ways to prevent total isolation of the two 
population fragments, following the principle 
stated by Samways (2007): large optimal habitat 
patches with good connectivity.  

Future studies should also take into account 
an estimation of the resource qualities (the correla-
tion between plant diversity and the number of 
butterfly individuals in the population) to estimate 
the habitat quality required to support a viable P. 
bavius hungarica population. This kind of relation-
ship has been proven before to be very useful by a 
study on a species of the same genus (James et al. 
2003). Also complex population viability studies 
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with genetic analyses complementing ecological 
data should be done to investigate the long term 
capacity of the population to survive. 

Through this study we identified several is-
sues that may be critical to the long term survival 
of the strongest known population in its original 
habitat of  P. bavius hungarica :  

1) The population that used to be until 2006 a 
relatively homogenous one on the Bánffy hill, has 
split into two larger fragments. 

2) Population size shows a tendency to de-
crease in both remaining fragments in the last 
years. 

3) The reduced mobility of this butterfly al-
lows it to move over approximately 100 m in its 
short lifespan (3 days). 

4) Habitat on the Bánffy hill has changed 
through ecological succession (due to abandon-
ment of traditional agricultural practices) that re-
duces the area occupied by the host plant S. nu-
tans. 

5) Suitable patch reduction and isolation 
through expansion of native and non-native 
shrubs (at a rate of 40% in 5 years) act as dispersal 
barriers.  

6) We identified only one (long) passage way 
between population fragments on the top of the 
hill, and lack of other passage ways through the 
shrub belt prevents individual exchange. 

7) There is a lack of conservation measures 
(e.g. an updated management plan) and in their 
planned implementation. 

These factors, that threaten the persistence of 
the P. bavius hungarica population in Suatu, should 
be taken into consideration when planning con-
servation efforts.  
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