
INTRODUCTION

Population viability analysis is an objective tool used in
nature conservation projects for determining the level of endan-
germent and need for conservations activity (McCarthy et al.,
1994; Caughley & Gunn, 1996). Proper estimation of the popu-
lation status demands the knowledge of several parameters. One
parameter of importance is the effective population size, which
is strongly influenced by the sex ratio (Reed et al., 2003;
Schtickzelle et al., 2003). Among diploid, non-social insect sex
ratio is very often significantly male biased, although this phe-
nomenon is somewhat controversial (Takamura, 1996; Maxwell,
1998; Knutson et al., 1999; Underwood & Shapiro, 1999). Life
history characters of numerous insects, in which males out-
number females, do not fulfill conditions necessary for selective
pressure for the unequal sex ratio (West & Sheldon, 2002). In
such situation, a higher number of males is usually explained as
a result of differences in mortality rates and energy allocation
during maturation (Anholt, 1997; Stocks, 2001a). However,
clear direct analyses of sex ratio in different developmental
stages of non-social insects are still quite rare.

This paper presents the results of analyses of the adult sex
ratio in wild and captive reared populations of the apollo but-
terfly (Parnassius apollo) in Pieniny National Park. Among
many members of the genus Parnassius, males usually signifi-
cantly outnumber females, with the sex ratio close to 2 : 1 (Kon-
vi ka & Kuras, 1999; Matter & Roland, 2002). The same pat-
tern is observed in other apollo butterfly populations (Fjellstad,
1996; Brommer & Fred, 1999; Dankowá, 2002; Descimon, pers.
commun.). However, there have been no attempts at explaining
possible mechanisms of this phenomenon in this genus. Captive
breeding of the apollo butterfly in Pieniny National Park, estab-
lished as a part of the population recovery project, enabled com-
parisons of the sex ratio between the captive and wild popula-
tions.

MATERIAL AND METHODS

Study site and population

The populations were studied in the Polish part of the Pieniny
Mts (Fig. 1) – a low (the highest peak Wysoka – 1050 m a.s.l.),

calcareous mountain range. At least since the 1940s, a constant
population decline has been observed (Adamski & Witkowski,
1999a). In 1991, the population recovery program started. Sup-
plementing the wild population with captive-bred individuals
was one of the main parts of this program. Captive breeding was
established in 1991, on the basis of local caterpillars collected in
the field. Every year the majority of captive-bred butterflies
have been marked with unique codes and released into the wild
(Table 1).

Data collecting

The sex ratio among imagines in the captive-bred individuals
was analyzed twice: before releasing them, and on the basis of
subsequent recaptures of the marked individuals in the field.
The same capture-mark-recapture method was used for moni-
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* – number of individuals introduced into the field are given in
parentheses.
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TABLE 1. Numbers of individuals in the consecutive years of
the recovery project.



toring the wild population. In the period of imagines presence

(from June to August), at each site the population was surveyed

every two days. During the survey of the site butterflies were

caught and the following information was recorded (Witkowski

& Adamski, 1996; Adamski & Witkowski, 1999a):

– date, time and place of the capture;

– individual code (also caught wild individuals were marked

with a unique code);

– sex of individual.

In 2002 the information on the activity of butterflies (flying

or sitting) was also recorded.

Collected data was used for the estimation of the natural

population size, which since 1996 has been fairly high, ranging

between 660 in 1997 and 1500 in 2003 (Adamski & Witkowski

1999a; Adamski et al., 2001).

To find possible sex related difference the time pattern of

activity and microhabitat preference of males and females were

compared.

Field studies enabled comparison of the sex ratio between the

wild and the captive-bred population before and after releasing

it into the wild. Datasets from 1993–2002 were included into the

analyses (Adamski & Witkowski, 1999a). The number of males

and females in wild and captive reared populations were com-

pared beetwen the groups. Also comparison within the groups

was carried out with the expected frequency of both sexes calcu-

lated for sex ratio 1 : 1. For each year, the sex ratio coefficient

was calculated according to the formula:

R
M

F

where M is the number of males and F – the number of

females recorded in the field.

Regression line between the adult sex ratio and the total

number of wild individuals recorded each year was then deter-

mined. Lifespan of wild individuals was estimated using the

number of the days between the first and the last record.

RESULTS

Sex ratio

In 1993–2002, a total of 3247 captive-bred individuals of the

apollo butterfly were introduced into the field. During the

period of population monitoring in the field 599 of these indi-

viduals were recaptured. In addition, 2721 wild individuals were

caught and marked in the field. Numbers of individuals in each

group are presented in Table 1.

The sex ratio among all the captive reared individuals was

close to 1 : 1 (R = 1.07; 2 = 2.1; df = 1; p = 0.147), likewise the

sex ratio of the captive reared individuals introduced into the

field (R = 1.06; 2 = 1.76; df = 1; p = 0.184).

However, among the captive reared individuals, recaptured in

the field, males significantly outnumber the females (R = 1.69;
2 = 19.88; df = 1; p < 0.0001). The sex ratio was also signifi-

cantly male-biased in the wild population (R = 2.05; 2 =

167.02; df = 1; p < 0.0001). The difference between the sex

ratio in the wild population and the captive reared individuals

caught in the field was significant ( 2 = 4.43; df = 1; p = 0.035).

Activity and lifespan

In 2002, when activity of individuals was recorded in the

field, the majority of females were observed sitting, whereas

males were usually flying (Table 2). This difference in behavior

pattern was statistically significant ( 2 = 113.05; df = 1; p <

0.0001).

230579Males

128  54Females

sittingflying

TABLE 2. Comparison of the activity patterns of males and

females.

The daily pattern of the capturing was almost the same for the

both sexes ( 2 = 4.77; df =11; p < 0.9429), as well as the micro-

habitats preferences ( 2 = 0.82; df = 7; p < 0.9978) (Tables 3, 4).
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TABLE 3. The time pattern of the caught of both sexes.
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TABLE 3. The time pattern of the caught of both sexes.

The average number of records of each individual was higher

for males than for females (U = 283947.0; Z = –8.84; p <

0.0001), the majority of the females was recorded only once,

wheras median number of the records per males was 2. Due to

extremely askew data distribution the statistical significance of

the difference was checked using a non-parametric Mann

Whitney “U” test (Sokal Rohlf, 1995).

Correlation between the sex ratio (R) and the number of

marked wild individuals is presented in Fig. 2a (R2 = 0.402; p =

0.049). To avoid the possible artifacts generated by the presence

of captive reared individuals, the same analysis was done sepa-

rately for the Trzy Korony Massif – the biggest locality which

was not supported by captive reared individuals. The results

were almost the same (R2 = 0.544; p = 0.014; Fig 2b).

Significant difference in the time between the first and the last

observation of males and females in the wild population of the

apollo butterfly was also recorded: median for the females was 2

whereas for males 3 (U = 86027.0; Z = –5,20; p < 00001); also

in this case the “U” test was used due to extremely askew data

distribution.

DISCUSSION

Lack of difference in the adult sex ratio recorded in the cap-

tive reared population suggests that the male-biased sex ratio

observed in the wild population of the apollo butterfly is not an

effect of significant differences in mortality between sexes

during the maturation process. The captive breeding is con-

ducted in the open volieras in the same area (less than 2 km
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Fig 1. Location of the study area.
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TABLE 4. Numbers of observation in the different habitats.



from the nearest natural location). Therefore it is rather improb-

able, that the sex ratio in the wild was influenced by any

weather factors not affecting the captive breeding. Higher

number of males recorded in the field may therefore be either an

effect of higher mortality rate in female imagines or an artifact

caused by significantly lower detectability of females (Maxwell,

1998; Stoks, 2001b). In the studied population, field data

strongly support the latter hypothesis. The most important

source of this artifact is probably different behaviour of the

sexes.

Flying apollo butterflies are very easy to spot, whereas

dectectability of individuals sitting on the ground or plants is

considerably lower due to cryptic coloration of the apollo

forewings. White wings with black spots are very difficult to

distinguish from calcareous debris or white inflorescences of

plants. As a result, sitting individuals can only be detected

within a distance of a few meters. Since females lay eggs on the

ground or on lower parts of plants, they spend a considerable

amount of time sitting low over the ground, whereas males fly

for most of time (Table 2.).

The relationship between the observed sex ratio and differ-

ences in detectability of the sexes is supported by significant

correlation between the number of marked individuals and the

sex ratio (Fig. 2). A convincing explanation of this result is that

researcher efforts are mainly concentrated on catching easily

detected flying butterflies, whereas little time is spent on detec-

tion of sitting individuals.

Detectability, however, cannot be the only factor accounting

for the male biased sex ratio recorded in the field, because it

does not explain significant differences in the sex ratio between

the wild population and captive individuals re-captured in the

field. Less-pronounced male bias in captive-bred individuals

recaptured in the field (Table 1), suggests that mortality

between hatching from the pupae and the beginning of the

mature stage can play an important role. Captive reared indi-

viduals were released into the wild approximately 1–2 days after

they had hatched from pupae, when their wings were fully

stretched and dried, therefore they were able to fly immediately.

Wild individuals spend few hours stretching and drying their

wings after hatching. Since this process is the same for both

sexes, it should not have any effect upon the sex ratio among

imagines. However, data from the captive breeding shows that

serious deformations of the wings, connected with the process

of hatching from the pupae and stretching the wings are

approximately twice more frequent among females than among

males (Adamski & Witkowski, 1999b). Although no compara-

tive field data is available, it is very likely that the same pattern

occurs in the wild population. Moreover, it is probable that in a

more unpredictable, “wild” environment, where factors which

could disturb the processes of hatching and wing stretching are

more likely than in captive breeding, the ratio of such phenode-

viants may be also higher. Because individuals with deformed

wings are undoubtedly less effective in avoiding predation, the

difference in the frequency of wing deformation between the

sexes may directly affect the sex ratio recorded in the popula-

tion (Adamski & Witkowski, 1999b).

A difference in lifespan between the sexes of the wild popula-

tion recorded in the field may be another factor responsible for

male biased sex ratio. The time span between the first and the

last observation is significantly shorter for females than for

males. It is not certain, however, at what degree this difference

reflects an actual difference in survival of the sexes. As a result

of poorer detectability, the number of recaptures per female is

smaller in comparison with males. Generally, low probability of

catching results in a large fraction of individuals caught only

once, independent of the real abundance (Seber, 1882; White et

al., 1982). Therefore, if there are significant differences in

detectability between the sexes, the accuracy of lifespan estima-

tion based on the mark-capture-recapture analysis is different

for each sex. Unfortunately, the field data on lifespan of the

apollo butterfly cannot be compared with data for captive-bred

individuals which were not released into the wild, since they

were not individually marked.

The presented results show that even such basic population

structure as the sex ratio may be distorted by the sex related dif-

ferences in the detectability. These differences are important

particularly during the construction of PVA models (Brook et

al., 2000), so knowledge of the possible source of an artifact

may be useful for avoiding inappropriate models and conclu-

sions.

CONCLUSION

The recorded male-biased sex ratio in the Pieninian popula-

tion of the apollo butterfly is at least partially an artifact caused

by more cryptic behavior of females. There are, however, some

arguments suggesting that the described phenomenon is also

connected with higher sensitivity of females to anomalies in the

process of the stretching the wings just after eclosion. The influ-

ence of both these factors cannot, however, be precisely meas-

ured because it may differ between particular years due to

differences in population abundance and environmental factors

determining the conditions during hatching from pupae and

stretching the wings. Anyway, there can be no doubt that where

substantial sex related differences in the behaviour occur, any

measured sex ratio may be significantly distored.
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Fig. 2. Regression line between sex ratio and numbers of all

individuals marked in the consecutive years. a – whole popula-

tion, b – Trzy Korony Massif – the main locality not supported

by captive reared individuals.
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