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1 Introduction

Partly because of the strongly colonial population biology of many species, and
the threat to population survival that is often a consequence of land use change,
the Melitaeini has become one of the most studied groups of butterflies in the
world (MOONEY et al. 1981, WILLIAMS 1981, STAMP 1981, PORTER 1982,
Brower 1984, MURPHY & WHITE 1984, EHRLICH 1987, ELIASSON 1991, 2001c,
WARREN 1992, HANSKI, KUUSSAARI & NIEMINEN 1994, BOWERS & WILLIAMS
1995, LEI & HANSKI 1997, KOMONEN 1997, WAHLBERG 1997, 1998, Kuus-
SAARI 1998, AHLEN 1999). It is widely recognised that a considerable number of
Melitaeini species are now threatened at national or global levels, and arguably
the Melitaeini is one of the most threatened of all groups of butterflies in the
northern temperate climatic zone. All European Melitaeini species are repre-
sented on at least one of the European countries’ "red lists” of threatened spe-
cies (SWAAY, WARREN & GRILL 1997), and two of the species of this study —




Euphydryas maturna (LINNAEUS, 1758) and E. aurinia (ROTTEMBURG, 1775) —
are on the EU Habitat Directive, annexes 2 and 4 (European Economic Com-
munity 1991, 1992). Each member state in which such species occur is obliged
to contribute to the network “Natura 2000” through the protection of an ade-
quate number of sites to ensure the species’ survival.

The first steps towards a conservation program for Euphydryas maturna and E.
aurinia in Sweden, Vistmanland, were taken during 1998. Three major net-
works of habitat-patches in the centre of the metapopulations of both species
were suggested as preservation areas (ELIASSON 1999b). These were accepted
by the Swedish Environmental Protection Agency and the Government in 1999.
The first nature reserve (41 ha) was officially designated in 2000, and restora-
tion of the habitat was completed in 2000-2001 (ELIASSON 2000, 2001c, f). Na-
tion-wide action plans for E. maturna and E. aurinia have recently been com-
missioned by the Swedish Environmental Protection Agency (ELIASSON in prep.
a, b), and a nation-wide action plan for Melitaea britomartis ASSMANN, 1847, is
underway (ELIASSON in prep. c).

High requirements for habitat quality, and the specialisation to a social life of
the pre-adult stages, seem to be general features of the Melitaeini. Several of the
species seem unable to adapt to even small changes of land use. In this paper we
address one of the group's special traits as seen in Sweden, that of adaptation to
unpredictable annual changes in the length of the period with sufficient tem-
peratures for egg and larval development by a prolonged life cycle strategy, and
discuss the ways in which this raises the species' requirements for habitat qual-
ity.

Prolonged life cycles of Melitaeini butterflies have previously not been well
documented, mention in the literature usually being made without any quantita-
tive or circumstantial data. Lowland species known to have at least partially bi-
ennial life cycles in Europe outside Sweden are Euphydryas maturna and Meli-
taea diamina (LANG, 1789) (FRIEDRICH 1986, BINK 1992, WAHLBERG 1998).
The subalpine and alpine taxa Euphydryas aurinia glaciegenita VERITY, 1928,
Euphydryas cynthia (DENIS & SCHIFFERMULLER, 1775), Euphydryas intermedia
(MENETRIES, 1859) and Melitaea asteria (FREYER, 1828) have been regarded as
having regularly biennial life cycles in the Alps (LUCKENS 1985, GEIGER 1987).
The partially triennial life cycle of E. maturna was recently discovered in two
natural rearings of pre-hibernation broods and has so far only been verified
from Sweden (ELIASSON 1991, STOLTZE 1996; the former source was incor-
rectly referred to as field observations of caterpillars in three different sizes by
WAHLBERG (1998), to which a correction has been made (ELIASSON 1999¢)).

In this paper we give some information on the proportions of one-year life cycle
to multiennial life cycles for all but one of the seven Swedish Melitaeini spe-
cies. Investigated species are Euphydryas iduna (DALMAN, 1816), E. maturna,
E. aurinia, Melitaea diamina, M. athalia (ROTTEMBURG, 1775) and M. bri-




tomartis. The seventh species, Melitaea cinxia (LINNAEUS, 1758), is widespread
in southern Sweden but it was not investigated. All species except E. iduna
have been reared from eggs and ®arly instar larvae under natural or semi-natural
conditions, with full length hibernation periods and natural photoperiods. An
increasing knowledge of the demands of each species for particular conditions
during diapause and hibernation has lowered the mortality rate in captive rear-
ings and lately offered the opportunity to record the proportions of individuals
having annual, biennial, triennial and quadriennial life cycles in the broods.
That the biennial to multiennial life cycles exist in the wild has been confirmed
in all three species in which it was tested (E. maturna, E. aurinia, M. diamina)
through unmanipulated rearings in large outdoor cages.

For several of these species previous information on the foodplants chosen for
oviposition has not been distinguished from the foodplants of post-hibernation
caterpillars, and in several cases even this information as given in handbooks
has proved to be erroneous. Therefore modern field-based records of the natural
foodplants of each species are presented.

Two gregarious species of Cotesia (Braconidae: Microgastrinae) parasitoids are
associated with larvae of the butterflies at the study sites, and their presence in
wild-collected larvae is recorded, together with brief notes on the outcome of
exposures of “wrong host” larvae to the species of Cotesia concerned.

Data on each of the six Melitaeini species studied are presented separately. A
brief outline of distribution, followed by data on oviposition plants, foodplants
of post-hibernation caterpillars, natural and experimentally obtained data on
parasitism of caterpillars, and the detailed analysis of breeding results are given
for each species.

2 Environment and organisms
2.1 The impact of climate on the butterfly fauna in Scandinavia

Populations of Scandinavian butterfly species fluctuate strongly in response to
the weather of the previous year. This rather well known, but poorly docu-
mented, fact indicates the enormous importance of sufficient temperatures
and/or hours of sunshine for the development of pre-adult stages in butterfly
species. With the strong influence of an oceanic climate in the northern temper-
ate zone, a rapid decline in species diversity can be observed from the less hu-
mid eastern parts towards the more humid western parts of Scandinavia. The
distribution patterns of butterfly species in Scandinavia, compared with climate
maps, indicate the importance of sunshine to foraging and ovipositing butter-
flies and in creating a sufficient micro-climate for egg and larval development
(LUNDQVIST 1953-1971, NORDSTROM 1955). However, it should be noted that
temperatures at ground level are probably more important than the air tempera-
tures measured at standard height at weather observations stations, which are
the usual bases for climate maps. In fact the measured average annual precipita-




tion, as an approximate correlate of the number of days with overcast skies,
gives a better indication of the distribution pattern of most butterfly species in
Scandinavia, when correlated to the length of the vegetation period. In Sweden,
at the latitude of 59-60°, the number of butterfly species exhibiting strictly one
year life cycles abruptly declines at an approximate annual precipitation of >700
mm (LUNDQVIST 1953-1971, NORDSTROM 1955), although to some degree the
local topographic structure of a broken landscape may compensate for higher
regional precipitation.

Species of Melitaeini have gregarious pre-hibernation larvae, which are de-
pendent on sunshine to reach a higher body temperature than is provided by sur-
rounding air temperatures. This is of crucial importance for their metabolism
(PORTER 1982). They are particularly vulnerable to insufficient solar radiation
in the first two instars. All the Melitaeini species (Euphydryas maturna, E. aur-
inia, Melitaea diamina and M. athalia) in the study site in Vistmanland usually
enter diapause (and hibernation) in the late third or the early fourth instar, which
they reach at the end of the vegetation period. If caterpillars of E. maturna, E.
aurinia and M. diamina are still in their second instar in September, they will
not be able to perform the necessary preparations to withstand winter conditions
and successfully hibernate. In the cold and rainy summers of 1987, 1993, 1998
and 2000 nearly 100 % mortality in all broods of pre-hibernation larvae of these
species resulted at the study site in Vistmanland. In the warmest summers cat-
erpillars of E. maturna initiated diapause in early August (ELIASSON 1991,
1995¢).

Many butterfly and moth species of Fennoscandia may have adapted to a short
vegetation period and unpredictable summer weather by biennial development
through prolonging their larval stage, or through a high percentage of repeated
hibernations in their pupal stage. In the northern taiga zone and the subalpine
and alpine zones, a two-year life cycle is believed to be a common survival
strategy for numerous species, but it has so far only been verified for a limited
number of them. It is most conspicuous in Fennoscandia in the satyrid butterfly
Oeneis jutta (HUBNER, 1806), and the noctuid moth species of the genus Xestia,
as the adults of these species are known to appear within large territories in ei-
ther even or odd years only (MIKKOLA 1976, DOuwEs 1980, SCOTT 1986,
MIKKOLA & KONONENKO 1989). About half of the investigated Erebia species
in the Alps also have a biennial development and mainly appear in odd years
(WIPKING & MENGELKOCH 1994). A similar developmental strategy was not
suspected in more southern Scandinavian populations of Euphydryas aurinia,
Melitaea diamina and M. athalia, as they all appear in fair numbers in both
even and odd years in the same local populations.

2.2 The Melitaeini and Braconidae taxa discussed

Cotesia CAMERON, 1891
Cotesia acuminata (REINHARD, 1880)




Cotesia bignellii (MARSHALL, 1885)

Cotesia melitaearum (WILKINSON, 1937)

Euphydryas SCUDDER, 1872

Euphydryas aurinia (ROTTEMBURG, 1775)

Euphydryas aurinia beckeri (HERRICH-SCHAFFER, 1851)
Euphydryas aurinia glaciegenita VERITY, 1928
Euphydryas cynthia (DENIS & SCHIFFERMULLER, 1775)
Euphydryas iduna (DALMAN, 1816)

Euphydryas intermedia (MENETRIES, 1859)
Euphydryas maturna (LINNAEUS, 1758)

Euphydryas maturna maturna (LINNAEUS, 1758)
Euphydryas maturna staudingeri (VNUKOWSKY, 1929)
Euphydryas maturna tenuireticulosa VARGA & SANTHA, 1973
Melitaea Fabricius, 1807

Melitaea asteria (FREYER, 1828)

Melitaea athalia (ROTTEMBURG, 1775)

Melitaea athalia lachares FRUHSTORFER, 1919
Melitaea athalia norvegica AURIVILLIUS, 1888
Melitaea britomartis ASSMANN, 1847.

Melitaea cinxia (LINNAEUS, 1758)

Melitaea diamina (LANG, 1789)

Melitaea didyma (ESPER, 1779)

Melitaea phoebe (DENIS & SCHIFFERMULLER, 1775)

For certain Melitaeini taxa we are tentatively using subspecific names in order
to differentiate between definable phenotypes known to inhabit different habi-
tats and/or have different life histories.

2.3 The main study site

The main study site is in the province Vistmanland, near the towns Nora and
Lindesberg. Euphydryas maturna is here restricted to a network of suitable
patches in a roughly circular forested and hilly area surrounded by lakes. The
species is found at altitudes between 90 and 225 m above sea level. The total
area covering all distribution patches is approximately 100 km? (ELIASSON
1991, 1995¢, 1996b, 2001c). In several patches E. maturna flies with E. aqur-
inia, Melitaea diamina and M. athalia (ELIASSON 1995a, d, 1996a). The typical
habitat of these species in the study area is clearings or small mires in mixed
spruce-broadleaf forest along small streams, on slightly calcareous moraine
(Carboniferous limestone). The suitability of the habitats is often time-limited.
The average annual precipitation at Lindesberg and Nora is 650-700 mm. The
mean temperature for the month of July (1901-1960) is +16-17°C. The average
length of the period with snow cover is 130 days per winter season (LUNDQVIST
1953-1971, BERGSTEN 1958).




3 Methods
3.1 Field methods

Field studies of developmental stages of Euphydryas maturna and the locally
monophagous parasitoid Cotesia acuminata were made in all local populations
available. However, more extensive data have been collected from three local
populations. The studies were made continuously from the end of the caterpil-
lars’ hibernation period until the end of the vegetation period in 1992-1994. In
the following years (1995-2002) observations were made mainly during the
spring and autumn periods. Notes were made in the field of all records of cater-
pillars, pre-pupae, pupae and parasitised hosts during the spring period. Para-
sitised hosts were tagged so as to follow individual development in the field. In
autumn notes were made of all webs, their individual positions, observed instars
and number of adult parasitoids. Random collecting of egg clusters or early in-
stars of E. maturna for breeding were mainly made in seasons with insufficient
temperatures for completing growth to the hibernating instar. Field studies of
developmental stages of E. aurinia and Melitaea diamina and the narrowly oli-
gophagous parasitoid Cotesia melitaearum were made in parallel with the stud-
ies of E. maturna, but less effort was made to obtain extensive data on these
species. In order to obtain parasitoids from post-hibernation caterpillars of E.
aurinia, cages (40 x 25 x 25 cm with a top opening 25 x 15 cm) with caterpil-
lars were returned to the location from which they originated. Also caterpillars
of E. maturna on the "wrong" food plant were exposed to parasitism using this
method. To obtain parasitoids from pre-hibernation caterpillars of M. athalia,
females were put in cages for oviposition at the site where they were collected
and the resulting larvae collected one month later. Field studies of developmen-
tal stages of M. britomartis were made during short periods in 1996, 1998 and
2000 in two separate distribution areas. Field studies of developmental stages of
E. iduna were made on one occasion in 1995. Temperatures were measured in-
side webs of E. aurinia and E. maturna in parallel with ambient temperatures
with a thermometer with thin wire thermocouples (Fluke 52 K/I).

3.2 Terminology

In practice it is often impossible to be sure how many separate females may
have contributed progeny to what becomes a single unit of aggregation — a web.
The term web is therefore used in this work to refer simply to the unitary aggre-
gation of caterpillars and/or eggs seen in the field, from an unknown number of
females. However, egg clusters deposited by different females are usually easy
to separate even in cases where they have been deposited edge to edge. Only a
short separation in time between the oviposition of two egg clusters will be no-
ticed through gradual changes in egg colour. Aggregations collected as eggs or
first to second instar caterpillars will in general present the most reliable infor-
mation on the number of females involved. The term brood is used to refer to an
unitary aggregation from one female (without implying a stage). The term batch




refers to the aggregation which may be a mix of broods, bred as a unit in captiv-
ity. :

3.3 Breeding methods

Batches of caterpillars were bred from egg clusters collected from the wild
(Euphydryas maturna, E. aurinia), from egg clusters deposited by captive fe-
males in cages (Melitaea athalia, M. britomartis), and from webs located and
collected in the original habitat in August resulting from single or several egg
clusters (E. maturna, E. aurinia, M., diamina). A few batches were collected in
post-hibernation stages (E. aurinia, E. iduna). Most rearings have been con-
ducted outdoors, either on bushes and low plants growing in a garden (E. mat-
urna, M. athalia, M. britomartis), or in a bathtub filled with soil and plants (E.
maturna, E. aurinia, M. diamina). Caterpillars were transferred to cages before
they split up into smaller groups (M. athalia, M. britomartis, M. diamina) or
immediately before the initiation of diapause for hibernation (E. maturna, E.
aurinia), when especially caterpillars of E. maturna that have entered their
fourth instars are liable to leave the nests to diapause with caterpillars in their
second hibernation or solitarily. The cages used were transparent plastic con-
tainers (190 x 180 x 180 mm) covered with a clear plastic film, which allows
some evaporation. These cages were kept indoors in artificial light and were
given the natural photoperiod of that particular date. Caterpillars of E. maturna
in diapause in their webbing were transferred to paper rolls (made of tightly
folded paper) and caterpillars still feeding would usually later join these groups
freely. In the other species, pre-hibernation caterpillars were gathered from their
pockets of tightly woven silk within the webs (E. aurinia), or among folded dry
leaves of other plants than the foodplants (M. athalia, M. diamina, M. britomar-
tis), and were transferred to paper rolls. It is very important to give caterpillars
that have ceased feeding sufficient time to dehydrate before they are removed
from a heating light. The paper rolls were closed with a gauze before the
caterpillars were placed in a cold and damp earth-chamber (potato-cellar) on a
grate over some water in a bucket. Hibernation was terminated by bringing the
cages out in April or May, as soon as foodplants were available. The same
plastic containers were used for post-hibernation caterpillars, but usually
covered with gauze to avoid occasional overheating of caterpillars at ambient
temperatures above +20°C. Cages were moved every day with the sun to
maximise the caterpillars’ opportunities to bask. Caterpillars with a multiennial
life cycle were able to seek protection in the same paper rolls used at their first
hibernation. After one moult in this position they would come to a complete rest
from late May or early June. Caterpillars in diapause were not separated from
active caterpillars until the latter were in the last instar or later. The paper rolls
with caterpillars in diapause were again sealed and placed on a grate over water
in a shady but well aired place. In late autumn they were transferred to the
earth-chamber. When the paper rolls have to be changed in autumn, as the result
of mouldering frass and shed larval skins, it is very important to sprinkle the
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frass and shed larval skins, it is very important to sprinkle the new paper rolls
with water. If this precautionary measure is not performed the entire brood will
surely die from drought. Particularly M. diamina and E. aurinia are vulnerable
to even a short period of insufficient humidity in diapause and hibernation. A
larger batch of caterpillars seems to withstand such events better than single
caterpillars or smaller groups. The perfect balance between an environment dry
enough to avoid mould and humid enough to enable a high survival rate is par-
ticularly hard to maintain in sealed containers. The survival rate of M. diamina
and E. aurinia seems to be higher when hibernation takes place in semi-natural
outdoor cages, but scores are difficult to make in this environment and these
broods (and those of E. maturna reared under similar conditions) have been ex-
cluded from the tables. Lately paper rolls have been replaced with plastic rolls
filled with various species of tree lichens, which prevents condensation while
seeming to maintain a higher and less variable humidity than the paper rolls. All
bred caterpillars were protected from further parasitism, and parasitoid cocoons
from collected broods were always removed before adult parasitoids emerged.

3.4 Interpretation of the breeding results

The following notes apply to tables 1-7:

There is a general chronology from left to right: each successive D, S and R re-

lates to a successive year (the years are indicated by 1, 2, 3 or 4 immediately

following R).

Year = the year of collection. This is also the first year of the life cycle except
when collections of post-hibernation larvae were made. These are recog-
nisable by the figures for D being scored "na" ( = data not available), and
in all such cases the first year of the life cycle would have been the year
prior to the year of collection.

Instar = collections were made either as eggs ( = ova) or as various mixes of
instars (e.g. from first to fourth instars (= 1-4) in the pre-hibernation col-
lections and in third to fifth instar ( = 3-5) in post-hibernation collections).

B = number of broods mixed together. Each brood is presumed to have origi-
nated from at least one separate female.

D = number of larvae attempting diapause. Larvae entering diapause in summer
are scored here whether or not they were still alive at the onset of winter.

S = number surviving diapause and hibernation. The criterion for survival was
the ability to resume feeding and defaecating.

P = number of parasitised larvae. The figures refer to hosts from which the
parasitoid(s) erupted to form cocoons. The actual number of parasitised
pre-hibernation larvae might be higher, but dissections of larvae that died
in hibernation were not undertaken.

R = remaining healthy larvae (S minus P and minus mortality during the active
feeding period). The score is of larvae that can subsequently be scored ei-




ther as attempting to reach the adult stage in the same year, or as attempt-
ing to enter diapause.

1-4 = number of larvae attempting to reach the adult stage. This includes all lar-
vae reaching the pre-pupal, pupal or adult stage immediately after being
scored as part of R. The numbers 1-4 relate to the year class as follow: 1 =
number of larvae with one-year life cycle; 2 = number of larvae with bien-
nial life cycle; 3 = number of larvae with triennial life cycle; 4 = number of
larvae with quadriennial life cycle.

Breeding series in which the life cycle covers several years are very likely to be
broken by some accident. The most usual cause of failure has been insufficient
humidity for the caterpillars during diapause (including hibernation). Mortality
during the active feeding period has in general been low, but some cases of ac-
cidental overheating have occurred. A small loss in many broods during the ac-
tive period was caused by failure in moulting, which occurred most commonly
in small caterpillars. Several breeding series were deliberately broken to provide
livestock for introduction experiments. In Tables 2, 3, 5, and 6 the first figure
given for the percentage of healthy larvae attempting diapause (D/the proceed-
ing R) gives a direct measure of the proportion having a multiennial (biennial or
more) life cycle. This is of particular help in the broods with a low survival rate
during the second (or subsequent) diapause period. The percentage of larvae
surviving diapause and the feeding period (R/(D-P)) each year is presented to
give a general view of the variations in the success of maintaining a high sur-
vival rate in the broods (under captive conditions P = zero for all except the first
year: in the wild P might recur as a drain on the host population in each suc-
ceeding year). The percentages of the total sum of adults presents the propor-
tions of individuals with 1, 2, 3, 4 year life cycles respectively, based on the to-
tal number of caterpillars attempting to reach the adult stage. Although carrying
the presumption that sources of mortality are not distorting, these proportions
give the best available estimate of what we believe is at least partly a genetically
influenced division of individuals, from the same broods, into life cycles of
various lengths. Thus although none of these presentations can be expected to
reflect the actual division between one to multiennial life cycles in wild broods,
they do describe the possibilities that each species has of altering the generation

length.

4 Results and discussion
4.1 General biology of the Melitaeini species in Sweden

A general understanding of the biology of Melitaeini is a necessary background
to this work. The following outline depends heavily on our own field observa-
tions (ELIASSON 1991, 1995a, b, ¢, d, 1996a, 1998a, b, 1999a, 2001c, 20024, b,
¢); other publications describe similar work in other countries (PORTER 1982,
FRIEDRICH 1986, BINK 1992, EBERT 1993, WAHLBERG 1997, 1998, 2000).
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Adults emerge when the leaves of their foodplants have grown to their full size.
For lowland species in Scandinavia the flight period usually falls within the
month of June, but for some lowland species (Melitaea athalia, M. britomartis)
and for arctic species (Euphydryas iduna) the flight period may last until late
July. Oviposition takes place on the underside of sun-exposed leaves. Eggs are
placed in smaller (c. 50-100) (M. diamina, M. athalia, M. britomartis) or larger
(c. 200-300) (E. maturna, E. aurinia) clusters. Females often oviposit on a leaf
on which eggs have already been placed by a preceding female (a well docu-
mented phenomenon for several Euphydryas species: STAMP 1982, WILLIAMS
1984, ELIASSON 1991). If the growth of the leaf selected for oviposition is not
yet completed, further expansion will split the egg mass, which can lead to great
loss of eggs. Egg development takes 10-20 days (M. athalia, M. britomartis, M.
diamina) or 20-30 days (E. maturna, E. aurinia), much depending on the
weather. Predation rates of observed eggs have been very small. Larval devel-
opment to the third instar, the earliest instar in which most species can hiber-
nate, takes a minimum of 12 days (M. athalia, M. britomartis, M. diamina) to
20 days (E. maturna, E. aurinia) given the most favourable weather conditions.
The caterpillars feed and moult gregariously in nests of folded leaves covered
with a dense water-resistant silk web. In some of the species the caterpillars
gradually give up their gregarious life in their late second or early third instars,
long before hibernation (M. athalia, M. diamina) but others hibernate gregari-
ously in a conspicuous nest of webbing and leaves (E. maturna, E. aurinia).
Most caterpillars will pass through one moult in the position chosen for
hibernation. Predation and other mortality rates of pre-hibernation caterpillars
are in general more than 50%. After hibernation the caterpillars of ali species
can live solitarily and no new webs are made around foodplants. The fourth to
sixth instars are the darkest in all species and these caterpillars spend a longer
time basking between feeding periods. Pupation takes place after the sixth instar
and the pupa is formed in warm stin-exposed positions, hanging from the cre-
master. The pupal stage lasts a minimum of 10 to 15 days. Predation rates of
post-hibernation caterpillars and pupae are not well known. Caterpillars
undergoing repeated diapause show a stronger (E. maturna, E. aurinia) or
weaker (M. athalia, M. diamina) tendency to gather for social diapause (which
continues unbroken into hibernation), forming large groups. Caterpillars in
repeated social diapause often create a thin protecting web (E. maturna, E.
aurinia); some of this web is probably used for a safer foothold in an upside
down position (E. maturna) and some webbing usually covers entrances.
Caterpillars with repeated diapause feed only in spring and they enter diapause
before caterpillars attempting to reach the adult stage have completed their
growth.

A majority of Melitaeini species oviposit on plants containing iridoid glycosides
(JENSEN, NIELSEN & DAHLGREN 1975, BOWERS 1983, WAHLBERG 1998). These
components are sequestered by feeding caterpillars and may serve to protect
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pupa and adults, making them unpalatable to birds (BROWER 1984, WIKLUND &
TULLBERG 1985, BOWERS & WILLIAMS 1995). :

4.2 Euphydryas maturna maturna (LINNAEUS, 1758)

4.2.1 Distribution

The nominate race of Euphydryas maturna associated with ash Fraxinus excel-
sior is locally distributed in Sweden, France, Belgium, Germany, Poland, Esto-
nia, Czechia, Slovakia, Austria and Hungary. It is possibly also distributed in
parts of White Russia and Ukraine, bordering the above mentioned countries.
Scattered populations in south-eastern Europe are associated with related Frax-
inus species. From Finland, and eastwards to Transbaykal and north Mongolia,
in the Ural Mountains reaching the Polar Circle, the two subspecies E. maturna
tenuireticulosa and E. maturna staudingeri are more widely distributed (VARGA
& SANTHA 1973, LUKHTANOV & LUKHTANOV 1994, J. KULLBERG pers. comm.).
Recent research in Finland suggests that they are probably mainly associated
with herbs (WAHLBERG 1998). The local populations of E. maturna tenuireticu-
losa usually do not persist for more than a few years in a distribution-patch and
have therefore been considered difficult to study (I. HANSKI pers. comm.).

In Sweden Euphydryas maturna is now restricted to the provinces Vistmanland
and Uppland, though formerly it had a scattered distribution in the two most
southern provinces and in five provinces to the north and east of the larger lakes
(NORDSTROM 1955, ELIASSON 1991, 1995¢, 1996b, 1999b, 2001c¢, d, 20023, f,
PALMQVIST 1997, BLOMQVIST, ELIASSON & MARTINSON 2002). In the province
Uppland it was rediscovered in 2001 after 14 years with no records (ELIASSON
2001c, ELIASSON, MARTINSON & BLOMQVIST 2001). Its status in Sweden has
been classified as Critically Endangered (GARDENFORS 2000). The current
threats are habitat fragmentation and browsing by moose (4ices alces) when the
moose population is high enough to inhibit the natural regeneration of saplings.
Loss of habitat quality has occurred in the past due to drainage, air-spread her-
bicides and changes in land use (especially tree plantation of small pastures in
forests). It is, nevertheless, often the most common butterfly in its restricted dis-
tribution-patches.

4.2.2 Opviposition, foodplants and larval development

Prior to this work, oviposition in Sweden had been recorded only on Fraxinus
excelsior (AURIVILLIUS 1887, HENRIKSEN & KREUTZER 1982, GUSTAFSSON
1970). At the initial stage of this study it was discovered that Viburnum opulus
was a regularly used plant for oviposition (ELIASSON 1991). Between 1992 and
2002 a large number of larval webs (n = 3564) have been located in Vist-
manland and of these a smaller number were found on Viburnum and the major-
ity on Fraxinus (ELIASSON 1995¢c, 1996b, 1999b, 2001c, 2002a, ELIASSON,
AHLEN & KINDVALL 2002). In two habitat patches where Viburnum is fairly
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common, the average distribution of webs to this bush was 6.8% (n = 117) and
7.8% (n = 489) between 1992-2000. Two exceptional cases of oviposition on
Syringa vulgaris were recorded in 1992 and 1993 at the same spot. The two
plants Melampyrum pratense and Veronica longifolia on which oviposition has
recently been recorded in Finland (WAHLBERG 1998, 2000) are with certainty
not used (or are used so rarely that we have been unable to detect it in the
course of comprehensive vegetation searches) as oviposition plants in Vist-
manland in Sweden. The only oviposition plant in common between WAHL-
BERG's populations of southeast Finland and ours of central and eastern Sweden
appears to be Viburnum opulus (BLOMQVIST, ELIASSON & MARTINSON 2002,
ELIASSON 2002a). In 1992 we found a single egg cluster on this bush, which is
rather rare in Finland, as the result of one week's investigation close to the Rus-
sian border. The place is only a few kilometres from the study site described by
WAHLBERG (1998). This brood was bred to the adult stage, eliminating the pos-
sibility of incorrect determination. A single occasion on which a brood of first
instar caterpillars was found by us on an undetermined Melampyrum species
(M. sylvaticum or M. pratense) in Sweden is interpreted as the occasional result
of browsing moose. This brood was found beneath a bush of Fraxinus which
had recently lost more than 50% of the leaves to browsing. As the caterpillars
were first determinated as Melitaea athalia they were collected and continu-
ously bred on the same foodplant. The growth rate on this plant was very slow
and when caterpillars reached their second instar and were recognised as
Euphydryas maturna they were offered Fraxinus as an alternative food. All cat-
erpillars immediately started to feed on Fraxinus and the growth rate increased
rapidly. This observation seems at variance with WAHLBERG’s results, but data
on the ecology and biology of the populations in Finland remain sparse. Both
the pre-hibernation and later instar larvae in Sweden can also be reared on Vale-
riana sambucifolia and Veronica spicata, on which they maintain a fast growth
rate. Some other potential foodplants that have been tested with poor results and
some less likely foodplants for oviposition that have been listed in the literature
have been discussed elsewhere (ELIASSON 1991, WAHLBERG 1998).

Post-hibernation larvae were mainly found feeding on swelling buds of Frax-
inus and Viburnum (ELIASSON 1991, 1995c¢, 2001c¢). Caterpillars feeding on Va-
leriana sambucifolia, Melampyrum sylvaticum, M. pratense, M. nemorosum and
more rarely on Salix caprea, Lonicera xylosteum and Vaccinium myrtillus have
been recorded in nature and this feeding mainly takes place before the buds of
Fraxinus become edible (ELIASSON 2001c). In captivity caterpillars also accept
buds of Syringa and Lonicera caprifolium, and leaves of Plantago media and P.
lanceolata (ELIASSON 1991). Under prolonged favourable conditions the first
hibernation is preferentially made in the fourth instar, but more often the cater-
pillars are forced to hibernate in their third instar. The second diapause period
(including hibernation) is made in fourth to fifth instars and any subsequent
diapause periods in the fifth instar. During the hibernation period and in spring,




before caterpillars have resumed their metabolism, they are very tolerant of be-
ing submerged in water. In an experiment at the termination of hibernation a
number of fourth instar caterpillars (n = 28) were allowed to sink in a glass jar
filled with water at a constant temperature of +4°C. These survived 72 hours
well beneath the water surface and most of them (n = 25) later developed nor-
mally. Four caterpillars survived ten days with the same treatment during an in-
terruption in their hibernation. When these were brought out of the water and
into indoor temperatures they moved to new positions for renewal hibernation.
One individual in a group of eleven fourth instar caterpillars even survived
compression in an ice cube for a week. This caterpillar survived another month
in hibernation, but was from the start touched by external mould and later died.
Tolerance to submersion is believed to be an important consideration in the
conservation of habitats, and occasional flooding may even have a positive im-
pact if it reduces predation of the diapausing caterpillars.

The results of transect counts in each of the years 1992-2002 indicate that the
length of the feeding period of Euphydryas maturna caterpillars in spring is not
dependent on ambient temperatures. This was to be expected as E. maturna cat-
erpillars bask between each feeding period, a process known to be crucial for
raising body temperatures in E. aurinia in south England (PORTER 1982). Bask-
ing E. aurinia caterpillars in England could reach a body temperature of +35-
37°C in springtime, while vegetation temperatures remained only slightly above
ambient. Food assimilation was optimal at 35°C (PORTER 1982). In Vist-
manland measurements of temperature inside webs of E. maturna (n = 50) were
performed in sunny weather at various development stages of the pre-
hibernation caterpillars. The average temperature in webs was +30.2°C (range =
+24.1-41.9°C). Air temperatures were measured in parallel with temperatures in
webs and the mean temperature difference was 9.4°. The measurements were
conducted during the period 31.vii-07.ix in 1992 and air temperatures were be-
tween +13.9°-23.3°C. The results indicate that temperatures are elevated during
this period of food assimilation in broadly similar ways in E. maturna and E.
aurinia. The lower average temperature measurements in E. maturna webs may
be partly due to wind exposure. The third instar pre-hibernation caterpillars of
E. maturna are darker than the same instar of E. qurinia, which probably com-
pensates for the temperature reduction caused by wind exposure. The caterpil-
lars of this instar exhibit a somewhat different behaviour whereby E. maturna is
more liable to bask on the outside of the web. At temperatures above 37°C cat-
erpillars of E. maturna leave the web and take up positions outside the web on
the shaded side. At temperatures above +17°C third instar E. maturna caterpil-
lars will also feed at night-time until c. 22.00 hrs.

4.2.3 Interactions with Cofesia parasitoids

The gregarious parasitoid Cotesia acuminata, with two generations per year,
mainly ovipositing in the first two host instars before hibernation and the sixth
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instar in early summer (ELIASSON 1995¢, 1996b, 2001¢), causes significant mor-
tality of Euphydryas maturna in Sweden (cf. Table 1). Cotesia bignellii
(MARSHALL, 1985) (K.J. HEDQVIST det.) was a mis-identification and is not the
host-specific parasitoid of E. maturna as earlier stated (ELIASSON 1991) but
rather it is a parasitoid of E. aurinia, and it has not yet been found in Sweden
(although it occurs in Finland). Cofesia acuminata has been found to be the
only important parasitoid attacking the caterpillars of E. maturna in Sweden
(Table 8). Experimental rearings from unmated females have given rise to all-
male progeny, showing that C. acuminata has the usual haplo-diploid sex de-
termination mechanism of Hymenoptera. Females of C. acuminata, that had
been reared in spring from 3-4" instar larvae of E. maturna following their dia-
pause (i.e. from hosts in which the parasitoid larvae had overwintered), were
introduced experimentally to unparasitised 5* instar larvae of E. maturna (n =
6) destined for further diapause, into which they oviposited. After overwinte-
ring in the host, parasitoid larvae erupted the following year and produced co-
coons from which the adult parasitoids emerged at the same time of year as their
parents. This demonstrated that the parasitoid is able to adapt to the host’s dia-
pause patterns and assume a one-year life cycle on occasion. In nature the one-
year life cycle of the parasitoid seems to be relatively rare in most years, but an
obvious dominance of 5-6" instar hosts among those parasitised was observed
in the springs of 1994 and 2001 (ELIASSON, AHLEN & KINDVAL 2002).

A single individual of Cotesia melitaearum has been found among a large num-
ber of C. acuminata (n = 542) emerging in spring from parasitised hosts (n =
138) collected from broods of pre-hibernation larvae (n = 442) in 1993-1994
and from older dispersed parasitised hosts (n = 23) collected in nature in 1994.
In captivity C. melitaearum (which is similarly a gregarious and haplo-diploid
species, in which unfertilised eggs give rise to male progeny) reared from
Euphydryas aurinia will successfully oviposit and develop in all post-
hibernation instars of E. maturna, but this host/parasitoid relation has not yet
been found in nature at the Swedish sites, apart from the single reared individ-
ual detailed above (Table 8). However, a brood of E. maturna deliberately
placed on Valeriana sambucifolia in the habitat of both parasitoid species dur-
ing the caterpillars’ first and second instars, and then collected for rearing, gave
three hosts from which only C. melitaearum emerged. The general failure of C.
melitaearum to involve E. maturna in its host range in Sweden is at first sight
puzzling, especially as in south-east Finland the post-hibernation caterpillars of
E. maturna are parasitised by both C. acuminata and C. melitaearum
(KOMONEN 1997). It does not seem to result from lack of synchrony in Sweden
as the first generation adults of C. melitaearum emerge only 1-2 weeks earlier
then C. acuminata in spring — a difference that may suggest some disadvantage
in comparison with the (locally) monophagous C. acuminata, but which seems
not so great as to suggest prohibitive asynchrony. The single specimen of C.
melitaearum detailed above was from a small pre-hibernation brood of E. mat-




urna (Table 1, batch 3) on a branch of Viburnum overhanging a small stream,
drooping beneath the surrounding ground. level. This detail suggests that the
failure of C. -melitaearum to make as significant use of E. maturna at the Swed-
ish sites as was purported in south-east Finland (WAHLBERG 1998) may be con-
nected with differences in the feeding environments (manifested as foodplants)
used by E. maturna in the two areas. Further research is needed on this point,
especially in Finland (where it appears that possibly only one brood of C. meli-
taearum was reared). There is an interesting possibility that the success of E.
maturna in Vistmanland has depended on its avoiding feeding on low plants in
the vegetation zone occupied by the usually co-occurring E. aurinia, Melitaea
diamina and M. athalia, the first two of which are regular hosts of C. melitaea-
rum. Instead, E. maturna has specialised in shrub and tree foliage and buds
that, in terms of an evident absence of C. melitaearum, represents "enemy free
space"”. In Uppland, where E. maturna co-occurs only with M. athalia, which is
probably incapable of supporting a population of C. melitaearum in the absence
of more suitable hosts, the post-hibernation caterpillars seem invariably to feed
on the low plant Melampyrum (C. WIKLUND pers. comm., data from 1975 and
1977).

The normally white cocoons of the two Cotesia species are arranged in a differ-
ent fashion (C. acuminata in strict order; C. melitaearum in disorder) in relation
to the host and can easily be determined when found in nature, in practically all
cases of more than two cocoons. Hosts of C. acuminata are induced to choose
very conspicuous positions on sun-exposed trees, rocks and fallen branches in
spring as sites in which to produce their parasitoids, and are easy to find.

The average brood size of C. acuminata from 3-4" instar hosts (n = 507) was
4.6 in breedings in 1993-1994, and 5.0 in 1994-1995 (n = 1053). Brood size
variation in these hosts was 1-15. The average brood size of C. acuminata in 5-
6" instar hosts (n = 46) collected in nature in spring 1994 was 15.9 (range 9-44).
The mean brood size was 25.1 (range 8-63) in 5-6 instar hosts (n = 23) of the
second (summer) generation of the parasitoid. Hosts of the second generation
are induced (by parasitoid larvae) to stay active but only sparingly feeding until
the middle or close to the end of the butterfly’s flight period. After this pro-
longed development period parasitoid larvae erupt to form cocoons. The cocoon
stage (from formation of cocoons to emergence of adults) lasts 6-9 days in the
first generation under the most favourable conditions. Adult parasitoids of the
second generation may remain fully developed inside the cocoons for a longer
time (> 21 days from the formation of cocoons, emerging from hosts in cages
between 20 June and 19 July in 1993). PORTER (1983) observed a similar
behaviour in C. bignellii. Adult females of C. acuminata are normally to be ob-
served attending the egg clusters of Euphydryas maturna from half-way through
the egg development period.

Different sizes of caterpillars can often be observed in wild broods, but larvae
of Cotesia acuminata inducing a faster growth rate in parasitised individuals
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usually cause the difference. These caterpillars continue to feed after their moult
to the fourth instar when unparasitised caterpillars are already in diapause. Cat-
erpillars larger than average in wild broods were selected from many separate
webs in six networks of patches in the period 1993-1994 (n = 202). The survival
rate after hibernation was 82.2% and the rate of parasitism in surviving caterpil-
lars was 96.4%. The remaining caterpillars (n = 6) entered a second diapause
period. In two collected webs (Table 1, batches 10 and 12) the larger caterpil-
lars (n = 166) were separated. Their survival rate after hibernation was 72.3%
and 100% of survivors (n = 120) proved to be parasitised. The survival rate of
all caterpillars (n = 687) in batches 10 and 12 was 69.3% and the rate of parasit-
ism 32.1%.

At the end of the feeding period of pre-hibernation caterpillars (with the major-
ity in diapause) the conspicuously larger caterpillars are typically found feeding
together with the very smallest caterpillars, with a retarded growth rate. These
smallest caterpillars are believed to be victims of super-parasitism, i.e. having
been oviposited into by more than one female parasitoid, each contributing its
normal number of eggs. If this is the case it is certainly a disadvantage also to
the parasitoids, as these caterpillars usually remain in their second instar until
the end of the vegetation period and are unable to withstand hibernation. How-
ever, some caterpillars with a retarded growth rate were separated and given
special treatment with artificially warmer conditions. These caterpillars exhib-
ited an extreme behaviour with a higher proportion of time spent on producing
webbing than on feeding and basking. Only a few of the caterpillars with re-
tarded growth rate from 1994 survived diapause (n = 11) and all proved to be
parasitised. The average number of parasitoids emerging from the hosts was
11.2, which is about double the brood size for normal hosts after the first hiber-
nation (average 5.0; n = 1053). Broods in which parasitism was absent grew
more evenly and typically all individuals diapaused in the same instar.

The pre-hibernation caterpillars of Euphydryas maturna have an efficient de-
fence against the ovipositing Cofesia acuminata. When the gregarious caterpil-
lars are attacked they jerk their anterior halves violently from side to side in uni-
son. If a caterpillar detects the position of the parasitoid it will strike in its di-
rection. Caterpillars are able to open their jaws to deliver a drop of oral secre-
tion about the size of their head, which, particularly in the web-producing pre-
hibernation stages, contains a strong cement. Adults of C. acuminata can be se-
verely handicapped by a slight touch of this oral secretion. The strategy of C.
acuminata 1o locate the egg clusters of E. maturna before the eggs eclose gives
it an opportunity to attack the host during a defenceless developmental stage.
The young caterpillars are attacked at the moment of emergence, just outside or
still inside the eggshells. Later the parasitoid tends to avoid all direct confronta-
tion with its host, and this starts as soon as the caterpillars have moved away
from the eggshells to the upper (opposite) side of the leaf. Subsequently all at-
tempts at oviposition into hosts before their first hibernation are made more or
less haphazardly through the web and are believed to be generally unsuccessful.
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In contrast to pre-hibernation caterpillars, the post-hibernation instars of E.
maturna from Sweden seem to have a very inefficient defence against attacks
by the first generation of C. acuminata. Swedish 5-6" instar caterpillars are, in
captivity, remarkably slow in their reactions to physical contact by females of
C. acuminata and C. melitaearum in comparison with post-hibernation E. mat-
urna from Hungary, or in comparison with post-hibernation E. aurinia from
Sweden. The Swedish E. maturna caterpillars will not react to a parasitoid
walking on their spines, but react violently when oviposition is over and the
damage is done. The caterpillars of Hungarian E. maturna are more easily dis-
turbed by parasitoids. The caterpillars from Hungary belong to south-eastern
populations with only a one-year life cycle (E. MEGLECZ pers. comm.), and they
were studied in parallel with Swedish E. maturna in Sweden. The pre-pupal
stage is not attacked in either case, and observed parasitoid attacks on caterpil-
lars attempting to reach the adult stage yielded no progeny if the caterpillar was
within 3-4 days of reaching its pre-pupal state (ELIASSON, 2001c).

Our local rearings of other Melitaeini strongly suggest that Euphydryas maturna
is the only host of Cotesia acuminata in Vistmanland (Table 8). This is consis-
tent, too, with the observation that three collections of E. maturna broods (Ta-
ble 1, batches 17-18), from two recent introduction sites that had pre-existing
populations of Melitaea athalia, proved to be unparasitised. Elsewhere in
Europe Cotesia reared from several species of Melitaeini have been recorded as
C. acuminata, in particular from Melitaea phoebe, Melitaea didyma and possi-
bly M. athalia. Recent DNA (M. KANKARE & M.R. SHAW in prep.) and mor-
phological (M.R. SHAW in prep.) analyses suggest, however, that M. phoebe
may support a distinct Cotesia species very close to C. acuminata rather than C.
acuminata itself, and that this is certainly the situation regarding the Cotesia
reared from M. didyma (with some doubtful records of the same taxon from M.
athalia). Adults of what appear to be the true C. acuminata have been collected
on webs of E. intermedia in Switzerland by C.U. ELIASSON, which suggests that
C. acuminata should be regarded as narrowly oligophagous, although locally
entirely monophagous in the areas of Sweden inhabited by E. maturna.

4.2.4 Breeding results (Tables 1 and 2)

Survival rates of Euphydryas maturna caterpillars have in general been high
during the first diapause and hibernation period, which lasts only 7-8 months. A
high survival rate is more difficult to maintain during the subsequent unbroken
periods of summer diapause and subsequent hibernation, which last 10-11
months. Taking the "long series before 1995" data of Table 2 it is therefore evi-
dent that at least a triennial life cycle was the most dominant at that time in the
wild E. maturna population in Vistmanland. When the difficulties of breeding
are considered it also seems likely that the actual proportion with a quadriennial
life cycle might have been higher than the proportion with a biennial life cycle.
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The proportion of caterpillars with a one-year life cycle is remarkably low
throughout a long period (1992-1998) compared with the proportions of one-
year life cycle in the other Melitaeini species studied (Tables 3-6). There is an
evident change in the data for the E. maturna series after 1995, with a higher
proportion having a biennial life cycle. However, this result is probably due to a
boost in the relative proportion of parents with a biennial life cycle reflected in
the 1996 and 1997 collections, and in that sense it is believed to be a merely
temporary phenomenon. Thus the two batches 19 and 20 from 1996 most
probably were the progeny of 1994 adults, which was the best reproduction year
in the period 1992-1997. The cold summer of 1993 caused a total reproductive
failure at the altitudes where these broods were collected, and the summers of
1994-1996 had severe drought periods causing a high mortality rate of caterpil-
lars in diapause, affecting the entire E. maturna population. The drought is
probably the reason for the high proportion with a biennial life cycle in batch
21. Many local populations in environments with insufficient ground humidity
went extinct during this period. These two circumstances make it unlikely that
individuals originating before eggs laid in 1994 would have had significant par-
ticipation in overall reproduction in 1996. In batch 18, from an introduction site
where all reproducing E. maturna individuals indubitably had a biennial life
cycle, a very strong dominance of a biennial life cycle is seen to have been car-
ried on by their progeny. Thus batches 18-20 very clearly indicate that the pro-
portions having a one-year life cycle and multiennial life cycles are to an extent
genetically controlled, and this raises the expectation that proportions may
change within a local population, if a changed proportion of caterpillars predis-
posed to one year or multiennial life cycles successfully reach the adult stage.
Depending on the strength of reinforcing circumstances, such changes may at
least hypothetically become permanent, though the stochastic climatic influence
on E. maturna populations would be likely to be destabilising in the long run.
The counts of webs in all distribution patches after the 1994-1996 drought peri-
od showed that a limited periodicity had been established and reinforced by the
poor reproduction results in 1998 and 2000. Despite favourable weather condi-
tions during the oviposition period and the subsequent development period in
2002, the counted number of webs (n = 217) was markedly lower than in 2001
(n = 653). This indicates that throughout this period the proportion of the popu-
lation with triennial life cycle had probably remained low in relation to a domi-
nant proportion with biennial life cycle, and that the low proportion with one-
year life cycle had been of limited importance in the wild population (ELIASSON,
AHLEN & KINDVALL 2002).

For the Euphydryas maturna populations of south-east Finland, WAHLBERG
(1998) suggests that larvae growing in a warm place will develop to adults in
one year, whereas in colder areas they will return to diapause and require two
years. Such a presumption of developmental plasticity of E. maturna caterpillars
is not supported by our extensive data on breeding E. maturna under various
conditions in Sweden. The methods and data presented by WAHLBERG (1998)
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for estimating the impact of exposure to solar radiation (in two separate patches,
one warm and one cool) on the length of the life cycle were far from ideal, and
seem open to other interpretations. With reference especially to the warm
group, the relatively small numbers that were still in evidence at the end of the
observation period, when all detectable larvae were collected for rearing, may
indicate merely that more (and many) larvae from that faster-growing group had
removed themselves from observation in order to enter a second diapause befo-
re the end of the monitoring period. This would leave largely (or perhaps only)
those few attempting to reach the adult stage at the time of collection. As the
larvae did not retain their marks throughout, there is also the possibility that in-
ward and outward migration from the arena (10 x 10m) could have confused the
results if incomers were of an older year class.

FRIEDRICH (1986) gives breeding information from an unknown area, probably
Germany. He states that caterpillars that diapause (and hibernate) in the third
instar the first time usually diapause a second time in the fourth instar, while
caterpillars that diapause in the fourth instar the first time usually diapause just
once. Our results can only to a very limited degree relate to this, as the number
of caterpillars with a one-year life cycle has always been very low (Table 2).
The bred caterpillars have in general entered the first diapause (and hibernation)
period early in the fourth instar, and the fewer that did so in the third instar have
had a lower survival rate during diapause. The only indication in the Swedish
breedings that caterpillars with a one-year life cycle might be recognised from
their larger size came from two small broods in which there was a strong possi-
bility that the majority of caterpillars had left the webs before the collection date
on 12 August 1994 (Table 1, batch 11). After hibernation the larger caterpillars
(n = 25) were separated to detect the rate of parasitism. In contrast to the
batches with larger caterpillars detailed in section 4.2.3, only 11 caterpillars
proved parasitised and 12 attempted to reach the adult stage. It is, however, dif-
ficult to interpret these results in view of the possibility that the collected cater-
pillars were residual and not representative of their broods as a whole.

It has been suggested that female larvae of a related species, Euphydryas inter-
media, may need a longer feeding period than male larvae, and that this would
lead to a division with females having a longer development cycle (LUCKENS
1985). Although in the populations of E. maturna we studied the data for sex
ratios are not available for all batches or for all individuals in batches, the fol-
lowing examples point to there being no significant difference in the sex ratio
between different lengths of the life cycle. In 1994 batches 6-9 gave 7 males
and 6 females with a one-year life cycle. In 1998 batch 19 gave 58 males and 50
fernales with a biennial life cycle and batch 12 gave 4 males and 4 females with
a quadriennial life cycle (the figures in each case include all individuals which
successfully reached the adult stage). WAHLBERG (1998) came to the same con-
clusion from wild collected caterpillars from south-east Finland, and this corre-
sponds to our own breeding results from our single egg cluster from south-east
Finland which in 1994 gave 10 males and 13 females with biennial life cycle.
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Wild-collected sixth instar caterpillars, pre-pupae and pupae (n = 107) in Swe-
den 1992-1994 also gave an even sex ratio (males, n = 47; females, n = 41),
which suggests that parasitism and other major mortality factors are not selec-
tive (ELIASSON 2001c).

4.3  Euphydryas aurinia (ROTTEMBURG, 1775)

4.3.1 Distribution

This species is widely distributed in the lowlands of the temperate climate zone
and in mountains of the southern temperate and subtropical climate zones from
west Europe to China and Korea. In Europe Euphydryas aurinia aurinia is usu-
ally associated with Succisa pratensis. In Spain and North Africa E. aurinia
beckeri is associated with Lonicera species, and in the higher European moun-
tain ranges E. aurinia glaciegenita mainly with Gentiana species (DOUWES
1971, GEIGER 1987, BINK 1992, EBERT 1993, STOLTZE 1996).

In Sweden the nominate race of Euphydryas aurinia was formerly locally dis-
tributed in all southern, central and eastern provinces to 62° latitude (NORD-
STROM 1955). Since 1980 it is only found in six provinces including the Baltic
Islands (RYRHOLM 1995, ELIASSON 1995a, 1996a, 1999b, d, 2002b, d, e, PALM-
QVIST 1997, FRYCKLUND 2002, LINDEBORG & FORSLUND 2002a, LINDMARK,
RIPLER & ELIASSON 2002, SIOBERG 2002, BERGSTEN & FRYCKLUND in prep.).
The species has been classified as Vulnerable according to the new IUCN defi-
nitions (GARDENFORS 2000). The current threats are habitat fragmentation and
changes in land use (especially tree plantation of pastures in forests). Losses of
habitats and habitat quality have occurred in the past due to drainage and re-
forestation. It is, nevertheless, often one of the most common butterflies in its
restricted distribution-patches.

4.3.2 Oviposition, foodplants and larval development

Oviposition, with one exception, has only been recorded on Succisa pratensis in
Sweden: Vistmanland 1989-2002 (n = 1018); Gistrikland 1994-1996 (n = c.
20); Dalarna 1989-1991 (n = c. 10); Gotland 2001-2002 (n = 146). It seems
unlikely that the species selects other plants for oviposition in Sweden, unless
an abnormal situation occurs: two webs were found on Knautia arvensis in
Vistmanland in August 2003. Post-hibernation larvae have mainly been found
feeding on the same plant (EKLOV & CEDERBERG 1992, HOJER 1995, ELIASSON
19953, 1996a, 2001a, J. GUSTAFSSON & C. KALLANDER pers. comm.), but occa-
sional feeding on Valeriana sambucifolia has also been seen in nature. In cap-
tivity caterpillars also accept leaves of Lonicera caprifolium. The position of
the pupa is always close to the ground, often on withering grass and herbs or on
stems of Calluna vulgaris. It is in general hard to find except when a newly
eclosed butterfly reveals its location. On a single occasion two pupae, from late
developed caterpillars, were found in unusual positions in Vistmanland. In each
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case the pupa was attached to a thin web connecting the outer edges of a leaf of
Rubus saxatilis. In this position the pupa could make use of the solar heating of
the upper side of the parabola-shaped leaf.

In Véstmanland parallel measurements of the temperature inside the webs of
Euphydryas aurinia (n = 28) and ambient temperature were performed in sunny
weather at various development stages of the pre-hibernation caterpillars. The
average temperature in E. aurinia webs was +35.9°C (range = +24.6-47.0°C).
The measurements were conducted during the period 31. vii-07. ix in 1992 and
the air temperatures were between +13.9-23.3°C. Measurements of the tempera-
ture inside groups of basking caterpillars on eight webs were made after their
hibernation in mid-April, when 25-50% of the habitat was still snow-covered.
During sunshine, the temperatures increased to between +23.0-34.2°C, when
ambient temperatures increased to between +12.7-13.9°C. This indicates that
Swedish caterpillars in early spring can reach a body temperature close to the
optimal temperature of +35°C regarded by PORTER (1982) to allow for most ef-
ficient metabolism in the population he studied in S. England.

The hibemating caterpillars are very tolerant of submergence in water. In a test
whereby 50 caterpillars were submerged for three days, and the water at the end
of the period was frozen to a solid block of ice, 20% of the caterpillars managed
to survive. At indoor temperatures the surviving caterpillars proved able to
move around and seek new positions for diapause: however, all were touched
by external mould (which is why they had been selected for this possibly sacri-
ficial experiment) and later died.

4.3.3 Interactions with Cofesia parasitoids

The only larval parasitoid of Euphydryas aurinia which was detected in the
Swedish populations studied in Vistmanland and Gotland is the gregarious bra-
conid Cotesia melitaearum, a species regarded to have a relatively wide host
range among Melitaeini species (NIXON 1974, M.R. SHAW unpublished) to
which it is specialised (Table 8). Although recent DNA analysis (M. KANKARE
& M.R. SHAW in prep.) has raised the possibility that C. melitaearum, as cur-
rently understood, in the western Palaearctic region might in fact be an aggrega-
te of closely related species, each with a more restricted host range, there is no
evidence to contradict our presumption in this paper that the Swedish populati-
ons encountered with their various hosts all belong to a single species. Cotesia
melitaearum has been reared from E. aurinia very widely in Europe, including
Finland (KOMONEN 1997). In Sweden (as elsewhere) this parasitoid has two
generations per year, ovipositing in the first three instars of pre-hibernation lar-
vae and the fifth to sixth instars of post-hibernation larvae (ELIASSON 1995a,
1996a). The pre-pupal stage is not attacked. Parasitoid larvae erupt to form co-
coons in early spring before caterpillars fully leave the web and may be formed
in the web or in very close proximity to it. This often takes place when 10-20%




of the habitat is still covered with snow. Cocoons are regularly found on the un-
derside of the top leaves in the leaf litter covering the ground; in the study sites
most often on leaves of birch, Betula species. The cocoons of the second gen-
eration are more difficult to find in nature, but two cocoon masses with host re-
mains have been found inside small chambers made up of web and the fresh top
leaves of 20 cm high birches. A third cocoon mass has been found on the upper
side of a leaf of the low plant Convallaria majalis, resembling its flower bud.
Parasitised hosts of the second generation have also been obtained by placing
caterpillars in fourth to fifth instars in a cage with an open top in the place from
where they originated. In addition to producing second generation parasitoids,
when the experiment was terminated c. 40 caterpillars had entered diapause.
Although the survival rate after hibernation was very low, progeny of C. meli-
taearum emerged from one of these caterpillars in the spring of the following
year (i.e. in a univoltine mode). Generally the rate of parasitism of pre-
hibernation larvae has been low (Table 3). The average number of cocoons in
the first generation from parasitised 3-4" instar larvae (n = 24) was 1.7, with
brood size variation 1-5. The average number of cocoons in the second genera-
tion from parasitised 5-6" instar larvae (n = 14) was 14.9 with brood size varia-
tion 6-32. (When this information was compiled many samples had to be ex-
cluded because hosts tend to move around after parasitoid larvae have started to
emerge to form cocoons, and the parasitoid broods became confused). The para-
sitoid’s pupal stage in the first generation lasts 8-12 days at indoor tempera-
tures. Second generation C. melitaearum adults have emerged 10-12 days after
the formation of cocoons during the flight period of the host butterfly in mid
June. This is a difference worth noting in comparison with the more narrowly
host-specialised C. acuminata, which remains fully developed in the cocoons
for a longer period.

Cotesia acuminata would not develop in post-hibernation larvae of Euphydryas
aurinia (Table 8), despite experiments in which apparent oviposition was ob-
served twice when seven caterpillars in their fifth instars were exposed. Six of
these caterpillars reached the pupal stage; the other died, but without evidence
of having been successfully parasitised. The parasitoids used in this experiment
originated from E. maturna collected at the same locality as the E. aurinia lar-
vae.

Post-hibernation caterpillars of Euphydryas aurinia reacted immediately to dis-
turbance by both species of Cofesia in small experimental boxes of clear trans-
parent plastic (10 x 10 x 5 cm). They sometimes chased the parasitoid and made
repeated attempts to hit it with oral secretion. Very often a successful oviposi-
tion by C. melitaearum ended with the parasitoid entirely (and, at least under
captive conditions, fatally) caught inside a blob. Observations were made of
parasitoids that had their antennae bitten off and of caterpillars that sucked up
their own drop of oral secretion from the plastic after a failed attack, probably in
order to be able to defend themselves again quickly.
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4.3.4 Breeding results (Table 3)

The partially biennial life cycle of Euphydryas aurinia has previously been un-
known from north-west Europe (DOUWES 1971, PORTER 1982, 1983, GEIGER
1987, BINK 1992, EBERT 1993, STOLTZE 1996). It is possible that this is a
unique feature of the Scandinavian E. aurinia population and the subalpine E.
aurinia glaciegenita distributed in the Alps and the Pyrenees (GEIGER 1987,
ELIASSON 1995a, 1996a, 2002b). The breeding results in Table 3 show that ap-
proximately 50% of the caterpillars may attempt a second diapause period. Al-
though in most breedings the proportion is smaller, this indicates that a partially
biennial life cycle is probably important to the long-term survival of E. aurinia
in Véstmanland. The survival rates after the first hibernation, but in particular
after the second diapause and hibernation periods, are both low compared to
breeding results of E. maturna. This suggests that the proportion of resulting
adults that would be found to have a biennial or longer life cycle would be
much higher than that recorded in Table 3 with more successful breeding re-
sults. The single caterpillar attempting a third diapause period in batch 1 was
perfectly healthy through the last summer in diapause, but died during hiberna-
tion. Thus it seems possible that an unknown proportion of E. aurinia has a tri-
ennial life cycle, but that this is not yet revealed because of the low diapause
survival rates achieved in the breedings. The drought during the summers of
1994-1996 seem to have affected the proportions of caterpillars entering a sec-
ond diapause period (Table 3; batches 5-8), and the main reason is probably a
higher mortality rate of caterpillars with repeated diapause, affecting the geneti-
cally influenced proportions of one-year to multiennial life cycles in much the
same way as is discussed in the section on E. maturna (4.2.4).

Breedings of Euphydryas aurinia in an outdoor cage (bath tub c. 0.8 m? filled
with cut-out pieces of natural habitat) have also given a high proportion of cat-
erpillars attempting a second diapause and hibernation period (in 1995 c. 27.4
%, n = 68; but estimates were uncertain owing to unknown mortality and escape
rates, and the results are not included in Table 3). Here observations were also
made of natural social behaviour of the caterpillars attempting a second dia-
pause period. The same position was not chosen every year (n = 3), but a single
locus never failed to attract more than 90% of the caterpillars forming a tight
group beneath a thin web at the edge of a tuft or beneath a piece of wood. Cat-
erpillars of E. maturna and Melitaea diamina joined E. aurinia in the same so-

cial diapause position.

Populations of Euphydryas aurinia with an apparently exclusively one-year life
cycle were present (but are now extinct) no more than 20 km east of the studied
populations living sympatrically with E. maturna and Melitaea diamina in
Vistmanland (C.U. ELIASSON unpublished, F. IVERSEN & P.S. NIELSEN pers.
comm.). The average annual precipitation in this area is 550-600 mm and in
Nora and Lindesberg 650-700 mm (LUNDQVIST 1953-1971). The adults were
markedly later on the wing in these populations without a partly biennial life
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cycle. Although few, the caterpillars attempting a second diapause period in
batches 5-6 in Table 3, from Uppland and Géstrikland provinces, indicate that a
biennial life cycle is probably also important to the north and north-east of
Vistmanland, in spite of a lower average annual precipitation in these areas. E.
aurinia in south Sweden probably has a strictly one-year life cycle.

4.4  Euphydryas iduna (DALMAN, 1816)

4.4.1 Distribution

The nominate race is distributed in boreal, subalpine and alpine regions with
moderate to low levels of annual precipitation. It occurs from the upper level of
the subalpine birch forest to approximately 1000 m above sea level in Fenno-
scandia. In Finnmark and the Kola Peninsula it can be found at sea level. In the
Scandinavian mountains the distribution reaches its southernmost point at 66°
latitude (NORDSTROM 1955). The distribution of the nominate race includes a
few scattered records from polar and sub-polar Ural, Taymyr and North Yenisey
(LUKHTANOV & LUKHTANOV 1994). The species has been classified as Near
Threatened according to the new [UCN definitions (GARDENFORS 2000). The
current threats are vegetation changes caused by global warming and worn-out
soil layers due to over-browsing by reindeer (Rangifer tarandus) on patches
with thin and early-melting snow. The frequency of butterflies is extremely
variable, but usually a few years with high abundance come in a row (J.
GUSTAFSSON & C. KALLANDER pers. comm.).

4.4.2 Foodplants and larval development

Very few reliable records of pre-adult development have been published
(NORDMAN 1942, HARRYSSON 1970, DOUWES 1971, HENRIKSEN et al. 1982).
Most of them are records of finding the pre-pupae. Only one article presents
reliable observations of foodplants in nature (NORDMAN 1942). The plant(s) se-
lected for oviposition is not known with certainty. In 1995 one pupa and 14
post-hibernation larvae were found on a wind-exposed subalpine heath, at 400
m above sea level in northern Sweden, near Torne tréisk. The same spot was in-
vestigated daily between 4 and 10 July and 13 caterpillars were found solitarily,
feeding on flowers and the upper leaves of Bartsia alpina (Scrophulariaceae)
between 4 and 7 July. A single caterpillar was found feeding on Pedicularis hir-
suta (Scrophulariaceae). The pupa was attached to a rock with a vertical side.
The first adults of both sexes were on the wing at this locality from 7 July. The
caterpillars ceased feeding on 12 July and after one moult they initiated dia-
pause in probably their fourth and fifth instars (n = 13). At the time of this event
the caterpillars were still exposed to the day length of the natural environment.
NORDMAN (1942) mentions Bartsia alpina, Vaccinium uliginosum, V. myrtillus
and flowers and leaves of several Salix spp. as foodplants of the two caterpillars
found (probably by sweeping) at Kilpisjérvi in Finland on 19 June and a few




days later. At the same place the adults emerged after 12 July. The experience
with post-hibernation larvae in 1996 was that none of the Vaccinium spp. men-
tioned above nor Salix spp. available at more southern latitudes (S. caprea and
S. cinerea) were accepted as foodplants. The caterpillars could stay alive, but
without growing much, by feeding on Valeriana sambucifolia, Plantago media,
Melampyrum nemorosum and Veronica chamaedryas. Very rapid growth first
started when they were offered Pedicularis palustris. The potted plants were
consumed down into the roots. Soon after, four caterpillars died, probably be-
cause no more P. palustris could be offered. Six caterpillars passed through one
moult on 27 May 1996 in positions selected for diapause. After hibernation the
last caterpillar died on 14 June 1997 after passing through one more moult on 4
June (Table 4). The caterpillars were bred under artificial light in the day length
of more southern latitudes. It seems probable that this species has a biennial and
triennial life cycle in nature. In the Torne Trisk area the species was locally
common as adults in 1994 and 1996. The most suitable plant for oviposition
would seem to be the perennial Bartsia alpina. Larger plants make dense stands
of dark green to violet coloured leaves and flowers. The smaller leaf and plant
size of other related subalpine plants would make them seem less probable as
plants for oviposition if Euphydryas iduna has a gregarious pre-hibernation de-
velopment.

4.5 Melitaca diamina (LANG, 1789)

4.5.1 Distribution

The species has a patchy distribution in the temperate climate zone from the
mountains of north Spain and Italy to Japan, but only rarely exceeding 60° lati-
tude in Siberia. It is mainly a lowland species but reaches 2000 m above sea
level in the Alps (DOUWES 1971, GEIGER 1987, BINK 1992, EBERT 1993, LUKH-
TANOV & LUKHTANOV 1994).

The former distribution in Sweden ranges from the southernmost provinces to
63° latitude, including almost all mainland provinces with a few exceptions
(NORDSTROM 1955). Since 1980 it is only found in eight provinces, with no
preference for provinces to the east in contrast with most of the Melitaeini spe-
cies. It is, besides Melitaea athalia, the only lowland species distributed in the
Norwegian fjords (NORDSTROM 1955, ELIASSON 1995d, 1998b, 2002¢, RYR-
HOLM 1995). The species has been classified as Near Threatened according to
the new IUCN definitions (GARDENFORS 2000). The current threats are habitat
fragmentation and changes in land use (tree plantation of small pastures in for-
ests). Losses of habitats and habitat quality have occurred in the past due to
drainage and re-forestation. It usually occurs in small numbers in its restricted
distribution-patches.

4.5.2 Oviposition and foodplants
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In this study oviposition in nature was recorded only on sterile plants of Valeri-
ana sambucifolia in Vistmanland in the period 1992-1997 (n = 16) (ELIASSON
1995d, 1998b, 2002c). The post-hibernation larva (n = 1) was only found once
in nature, and was then feeding on this plant. The same plant was exclusively
chosen (n = >20)in a semi-natural environment in an outdoor cage (bath tub c.
0.8 m?). In captivity caterpillars refused to accept other plants such as Melampy-
rum Spp., Veronica spp. or Plantago spp., which are mentioned in the older lit-
erature. Valeriana spp. seem also to be the only important foodplants in popula-
tions of Melitaea diamina in Germany, Switzerland and Finland (GEIGER 1987,
EBERT 1993, WAHLBERG 1997).

4.5.3 Interactions with Cofesia parasitoids

The oligophagous gregarious parasitoid Cotesia melitaearum, which attacks a
relatively wide range of Melitaeini, is the only larval parasitoid of Melitaea
diamina we recorded (Table 8) (ELIASSON 1995d, 1998b). This parasitoid has
two (to three) generations per year, ovipositing in the first three instars of pre-
hibernation larvae and the fifth to sixth instars of post-hibernation larvae. The
adult parasitoid can emerge in autumn from cocoons resulting from third instar
hosts before hibernation, but more often the parasitoids remain within the host
through its hibernation to erupt after host hibernation This partial autumnal
generation of C. melitaearum has also been found to occur in Finland (LEI &
HANSKI 1997) and Gotland when the host is M. cinxia, but we have not found it
to occur when the host is Euphydryas aurinia in Sweden despite very extensive
rearings. The average number of cocoons in the first generation from fourth in-
star caterpillars (n = 20) was 3.7 with brood size variation 1-8. The M. diamina
host of the second generation of C. melitaearum was only found once in nature,
a fifth instar larva on 23 June from which 19 parasitoid larvae erupted to form
cocoons on 7 July. Populations of M. diamina typically co-occur with other Me-
litaeini species, consequently sharing the parasitoid C. melitaearum and no
doubt resulting in greatly complicated population dynamics.

In captivity the individual post-hibernation larvae destined to pupate in a brood
of Melitaea diamina tend to grow with a less even pace than the individual lar-
vae in broods of E. aurinia and Euphydryas maturna. A few caterpillars have
pupated as late as 1 July, while the majority of the same brood pupated 4-5
weeks earlier, or initiated diapause seven weeks earlier. It seems possible that
these late caterpillars might be susceptible to attack by second generation C.
melitaearum, resulting from E. aurinia hosts, which may emerge as adults in
mid June.

The young pre-hibernation caterpillars respond to disturbance by Cotesia para-
sitoids in a similar way to caterpillars of Euphydryas maturna and E. aurinia
(described in section 4.2.3 for E. maturna). From the late second instar, caterpil-
lars drop to the ground, rather than trying to defend themselves. Later instars of




Melitaea diamina are sluggish in comparison with E. aurinia caterpillars, and
seem to have little means of self-defence. In the majority of habitat patches with
both E. aurinia and M. diamina the latter occurs at a much lower population
density than in habitat patches where only M. diamina can be found. It seems
possible that the presence of C. melitaearum in these shared patches is tending
to distort the combined population of Melitaeini species towards E. aurinia,
both because on average it reaches its pre-pupal stage first and because the late
instar larvae of M. diamina are easier to attack.

Two sixth instar caterpillars exposed to Cotesia acuminata and with observa-
tions made of apparent oviposition pupated normally, which indicates that Meli-
taea diamina is not a suitable host for this parasitoid species (Table 8). Parasi-
toids and caterpillars used in this experiment originated from the same locality.
An investigated population of M. diamina in Finland appeared to have no para-
sitoids (WAHLBERG 1997).

4.5.4 Breeding results (Table 5)

The partially biennial life cycle of Melitaea diamina has previously been re-
corded only by BINK (1992), from an unknown area of north-west Europe (pos-
sibly south Sweden). A population recently investigated in Finland seems to
have only a one-year life cycle (WAHLBERG 1997). The proportion of caterpil-
lars from Véstmanland attempting a second diapause and hibernation period is
close to 50% of the caterpillars surviving the first hibernation and feeding pe-
riod. This indicates that a partly biennial life cycle is important to the long-term
survival of the species in Véstmanland. Under captive conditions the survival
rate during the second diapause and hibernation period was rather low (similar
to the results with Euphydryas aurinia). The percentage of caterpillars attempt-
ing to reach the adult stage after their second hibernation was high compared
with the number of caterpillars attempting to reach the adult stage after the first
hibernation in batch 1 (the only batch with caterpillars surviving the second hi-
bernation). The ratio of caterpillars surviving the first diapause and feeding pe-
riod to those attempting to reach the adult stage is quite similar in batches 1-3.
Batch 4, in which the proportion having an annual life cycle was much higher,
came from a recently colonised habitat patch 3 km north of previously known
populations. All parasitoids (Cotesia melitaearum) emerging from this single
brood of caterpillars were males, presumably progeny of one or more unmated
females. Broods from unmated females are rarely found in nature, and in fact
this brood is the only example (of either Cotesia species) from all breedings of
Melitaeini species in the present work (excluding very small broods resulting
from early instar hosts). This may suggest very recent colonisation by C. meli-
taearum, such that the newly established M. diamina population was previously
unaffected by parasitism and that caterpillars with a one-year life cycle, in need
of a longer feeding period, would have had a higher chance of survival. The im-
pact of drought during the summers of 1994-1996 on mortality rates of caterpil-
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lars in diapause of the preceding generations of this M. diamina brood could
also have selected for an increase of the proportion with a one-year life cycle.
As in E. maturna, this type of change in the proportions of the population hav-
ing different lengths of the life cycle thus suggests a degree of genetic control,
though in the case of M. diamina the evidence is admittedly less clear.

Breedings in an outdoor cage (bath tub c. 0.8 m?) of larvae from two egg
batches from the south of the province Dalamna proved that the partly biennial
life cycle also exists in this population although, because of a high escape rate
of caterpillars, quantitative data could not be collected. However, several were
found during their second diapause period and one caterpillar was seen after a
second hibernation.

4.6 Melitaea athalia (ROTTEMBURG, 1775)

4.6.1 Distribution

The species is widespread in the temperate climate zone from Spain and Eng-
land to Yakutien and China, but only rarely exceeding 60° latitude in Siberia. It
is mainly a lowland species but reaches 2000 m above sea level in the Alps
(DoUWES 1971, GEIGER 1987, BINK 1992, EBERT 1993, LUKHTANOV &
LUKHTANOV 1994).

The species is found in all provinces of Sweden and it is in recent times the only
Melitaeini species which is still widespread. North of 61° latitude, predomi-
nately as Melitaea athalia lachares FRUHSTORFER, 1919, it becomes local. Fur-
ther north, including the mountains from 61° latitude, it is very local, here as the
distinctively smaller M. athalia norvegica AURIVILLIUS, 1888. In some places it
can be found at subalpine levels (NORDSTROM 1955, DOUWES 1971). In several
provinces it is one of the commonest butterfly species. It is rarely seen in great
abundance in the same distribution-patches for more than one year at a time.

4.6.2 Oviposition, foodplants and larval development

Oviposition has been recorded by us only once in nature in Véstmanland. The
plant selected was Melampyrum nemorosum and eggs were deposited under
leaves near the flowers. Females in cages will also accept Melampyrum sylvati-
cum, M. pratense, Veronica chamaedryas and Plantago lanceolata. The latter is
an unusual plant in most habitats in Véstmanland, but more common by the
coast in Uppland and Sédermanland. The most used plants for oviposition in
Sweden are probably Melampyrum species. The small webs made by pre-
hibernation larvae are very hard to locate and the broods split in their late sec-
ond or early third instars. The post-hibernation larvae have been found by us
remarkably few times in nature: once feeding on Plantago media, twice at the
initiation of the pre-pupal stage and once fully in the pre-pupal stage. The post-
hibernation larvae will also accept Digitalis purpurea. In captivity at both pre-
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and post-hibernation stages the individual larvae in a brood of Melitaea athalia
tend to grow at very different rates. This is probably the main reason why adults
can be observed from June until late August in rainy seasons. -

4.6.3 Interactions with Cotesia parasitoids

The gregarious parasitoid Cotesia melitaearum has been obtained from Meli-
taea athalia exposed to parasitoids in nature during the first to second larval
instars (Table 6, batch 2). We have no data on parasitism in post-hibernation
larvae in nature, but post-hibernation caterpillars have been exposed to oviposi-
tion by C. melitaearum and C. acuminata in small experimental boxes of clear
transparent plastic (10 x 10 x 5 cm) (Table 8). Despite numerous observations,
made in two separate years, of apparent oviposition by C. melitaearum in fourth
to sixth instar caterpillars (n = 16), these continued to grow without a higher
rate of mortality or parasitoids developing. Thirteen caterpillars pupated during
the same year and two caterpillars that survived an artificial hibernation also
proved not to be parasitised. On one of those occasions caterpillars of Euphy-
dryas maturna (n = 10) were exposed to the same parasitoid females resulting in
five cases of successful parasitism. Caterpillars of M. athalia in third to sixth
instars (n = 40) were exposed to C. acuminata in two separate years. Only three
ovipositions were observed. Two of the presumed hosts gradually ceased feed-
ing and died in their sixth instars. No evidence of parasitoid progeny was found
on dissection of these caterpillars. The remaining caterpillars all successfully
reached the pupal stage. The negative results of parasitism by C. melitaearum of
post-hibernation caterpillars is at first sight surprising, and it appears that the
older caterpillars of this species are able to prevent the development of the para-
sitoid. The broods of caterpillars from separate years were reared on different
foodplants (Digitalis purpurea, Plantago media, Melampyrum nemorosum) and
the parasitoids used came from E. maturna, E. aurinia and M. athalia. Thus M.
athalia seems to be an insufficient host resource to support populations of C.
melitaearum, and this parasitoid probably is not distributed in all patches where
the widespread and common M. athalia can be found. This is consistent with
the apparently slow colonisation by C. melitaearum of the newly established M.
diamina population (at a site at which M. athalia was the only pre-existing po-
tential host) discussed in an earlier section (4.5.4).

4.6.4 Breeding results (Table 6)

The partially biennial life cycle of Melitaea athalia has not previously been re-
corded from north-west Europe. In broods from Vistmanland (batches 1-3) the
average proportion of caterpillars surviving the first diapause and feeding pe-
riod that attempted a second diapause is smaller than in Euphydryas aurinia and
M. diamina. The proportion is similar in batch 4 from the coast in north Up-
pland at 60° latitude. Batch 5 from 59° latitude on the coast of S6dermanland
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had an entirely one-year life cycle, and the partially biennial life cycle may oc-
cur only at more northern latitudes or in areas with a climate less favourable to
the development of the early life stages (higher annual precipitation). Although
the series of natural hibernations of batch 4 was broken by one artificial hiber-
nation, the results indicate that M. athalia probably also has a partially triennial
life cycle. In the present work most attention was focused on the rare species,
and this explains the rather poor results with M. athalia, which in fact is easy to
breed.

4.7 Melitaea britomartis ASSMANN, 1847

4.7.1 Distribution

The species has a restricted distribution in the temperate climate zone from
north Italy and Germany to Japan, not exceeding 59° latitude in Siberia. It is a
lowland species (DOUWES 1971, GEIGER 1987, BINK 1992, EBERT 1993, LUKH-
TANOV & LUKHTANOV 1994).

In Sweden Melitaea britomartis was formerly restricted to the east coast and a
few inland regions between 57-62° latitude, with low annual precipitation. It
was still relatively widespread in five separate regions in the mid 1970s. During
this period it had an outbreak and probably colonised some remote inland areas
and temporarily established a small population on the island of Oland. A very
rapid decline of populations was noted in the 1980s and the bad summer
weather of 1987, with its low air temperatures and few hours of sunshine, seems
to have eradicated most populations between 59-62° latitude. Investigation of
previously colonised areas proved that foodplant density is rapjdly decreasing.
Lately M. britomartis is only found in four very restricted and widely separated
areas (RYRHOLM 1994, 1995, ELIASSON 1995b, 1998a, 1999a, 2001b, PALM-
QVIST 1996, 1997, 1998, 1999, 2000, 2001, FRANZEN ef al. 2002, LINDEBORG &
FORSLUND 2002b, RIPLER & ELIASSON 2002, J.-O. BJORKLUND, C. KALLANDER,
1. SVENSSON, S. TORSTENIUS and B. WICKHOLM pers. comm.). The species has
been classified as Critically Endangered according to the new IUCN definitions
(GARDENFORS 2000). The current threats are habitat fragmentation and changes
in land use (tree plantation of small pastures in forests). Losses of habitats and
habitat quality have occurred in the past ¢ye to g rapidly declining need for un-
fertilised pastures in forests. It was once one of the most common butterfly spe-
cies in its restricted distribution-patches. An introduction made in 1999 to a
previously used distribution-patch (in the 1940s) in Uppland, with butterflies
from Sméland, was still observed here in 2002 (C. ELIASSON in prep. ¢, I
FRYCKLUND pers. comm.).

4.7.2 Oviposition and foodplants

Oviposition has previously been observed on Veronica spicata in Sédermanland
and on Plantago lanceolata in Sméland (NORDSTROM 1947, HENRIKSEN &

31




KREUTZER 1982). In 1996 two egg clusters were found on the island of Utd in
S6dermaniand in late July on small plants of P. lanceolata growing in very sun-
exposed positions on rocks. The plants used for oviposition in one of the popu-
lations in the interior of Smaland were investigated in 1998. Two ovipositions
were observed on Veronica chamaedrys and three more egg clusters were found
on this plant. No egg clusters were found on P. lanceolata, but several females
were observed for long periods on tufts of this plant, apparently investigating
the quality of potential foodplants. Females in flight and in search of oviposi-
tion plants seemed first to be attracted by small solitary rocks in sun-exposed
positions, and then to investigate whether foodplants were available (ELIASSON
1999a). In spring a small number of post-hibernation~caterpillars were swept
from P. lanceolata in the Smaland locality (P. KOCH-SCHMIDT pers. comm.).
Former populations in Dalarna and Gistrikland, now extinct, and one remaining
population in Vistmanland probably only oviposit on V. chamaedrys, as V. spi-
cata is not found here and P. lanceolata is rare (ELIASSON 2001b, RIPLER &
ELIASSON 2002, C. KALLANDER and B. WICKHOLM pers. comm.). Females from
Sédermanland accepted P. lanceolata, V. spicata and V. chamaedrys for ovi-
position in cages. An introduction made in 1997 to a habitat accepted by fe-
males, but without the above mentioned foodplants, resulted in oviposition of
four egg clusters on Veronica officinalis. Those broods died in their first instar,
so it appears that this common plant is not a suitable foodplant.

4.7.3 Interactions with Cofesia parasitoids

Although collections of larvae from the wild have been very limited, Melitaea
britomartis appears to be incapable of supporting Cotesia melitacarum (Table
8), at least to the extent that is found for M. athalia (see section 4.6.3). Not
only has no parasitism been detected in the field, but also experiments involving
post-diapause 4-5" instar M. britomartis larvae (n = 3) and C. melitaearum
(from Euphydryas aurinia) resulted in apparent oviposition into all three larvae,
but no progeny resulted and all larvae went on to pupate successfully. Similar
trials with C. acuminata resulted only in rejection after brief antennation. In
both situations the respective Euphydryas hosts were avidly, and successfully,
attacked concurrently.

4.7.4 Breeding results (Table 7)

The pre-hibernation caterpillars from S6dermanland (batch 1) ceased feeding
and entered diapause in their late second or early third instars. So far Melitaea
britomartis is the only Melitaeini species in Sweden that has been proved to be
able to survive hibernation in its second instar. The majority, however, hiber-
nated early in their third instars. With an early development period (May to mid
June) of the post-hibernation larvae and pupae in captivity in 1997, the off-
spring of these adults (batch 2) ceased to feed and entered diapause (which
lasted until hibernation) in late third or fourth instars. The nre-hihernation lar-
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vae from Smaland were in third (n = 236) and fourth (n = 105) instars when
they entered diapause. Approximately the same proportions of mixed instars
were also recorded in nature on Ut in Sédermanland, in late August 2000, near
the end of the vegetation period (in September). This butterfly has a long flight
period in Sweden, sometimes starting as early as mid June and usually continu-
ing to the end of July (NORDSTROM 1947, HENRIKSEN 1982, ELIASSON 1995b,
1998a, 2001b, RIPLER & ELIASSON 2002). No indications of a partially biennial
life cycle were evident from the nine broods from separate females (batches 1,
3). In the coastal habitat of Uts, M. britomartis lives sympatrically with M.
cinxia and they oviposit on the same foodplants. Investigations of the popula-
tion of M. cinxia on Aland, which is further to the north in the Baltic sea, have
suggested that this species has a strictly one-year life cycle (KUUSSAARI 1998).

5 General discussion
5.1 The possible influence of day length on the initiation of diapause

In central Europe larvae of the burnet moth Zygaena trifolii (ESPER, 1783) Zy-
gaenidae) respond to variations of temperature and photoperiod during their
first feeding period by initiating diapause in different instars (3-6) or by direct
development to adults (WIPKING 1988, 1995): in South Europe this species is
partially bivoltine, but in Germany the development of caterpillars may span
several years. Although the possible influence of variations in photoperiod at
key stages on the length of the life cycles of the Melitaeini species was not in-
vestigated thoroughly, it seems unlikely to be important, at least for E. maturna
for which we have the most data, on the following grounds. Breedings were per-
formed over a long sequence of years with various weather conditions, and
weather definitely influenced larval growth rate. However, the young pre-
hibernation caterpillars always diapause in the fourth instar if they are given
sufficient warmth, whether they reach this instar in early August or in Septem-
ber (times when photoperiod variation is large). The feeding period of post-
hibernation caterpillars that re-enter diapause is so short, and may fall within
such varying periods of the month of May, that the change in photoperiod dur-
ing the feeding period could not of itself have an important impact on the initia-
tion of subsequent diapause periods. The lengths of the short period between
eruption of parasitoid larvae from hosts and the re-entering of diapause by cat-
erpillars have been 10-12 days in all years of breeding. Broods in which the first
diapause was artificially broken in January or February and which were then
bred indoors (exposed to solar radiation at windows) at the natural photoperiods
pertaining behaved in the same way as caterpillars in which the first diapause
was broken in April and May: after a short feeding period and a single moult,
the caterpillars attempting further diapause periods returned to diapause. Fur-
thermore, if caterpillars that initiate diapause in May are kept dark and at low
temperatures (+4-10°C) for the following 90 days, they will resume feeding and
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may develop to adults, given summer temperatures and exposure to solar radia-
tion or artificial light, despite a shorter photoperiod (ELIASSON 1991).

5.2 The importance of habitat quality

A brief description of the habitats of Euphydryas maturna, E. aurinia and Meli-
taea diamina in Vistmanland is given in section 2.3. Each species has a differ-
ent tolerance to the habitat's decreasing sun exposure due to the re-growth of
natural forest. The first species to disappear from a clearing is E. aurinia (2-5
years), whilst M. diamina may persist longer (5-10 years). E. maturna prefers a
later stage of re-forestation, which creates wind-shielded bushes (>0.5 m) for
the pre-hibernation caterpillars, and it persists longest (10-25 years) in a clear-
ing where the three species co-occur. Analysis of habitat qualities that improve
the survival rates of caterpillars during diapause (particularly E. maturna) indi-
cates above all the importance of constant ground humidity. An inclined topog-
raphy with surfacing ground water and a soil plentiful in stones and rocks
pushed from the ground to the surface by winter frost creates many hiding
places and prevents flooding. Frequent communities of peat moss (Sphagnum
spp.) helps to maintain the humidity, especially in a sloping terrain (ELIASSON
1991). It is of utmost importance that the ground lacks the nutrients to support a
higher and thicker herb layer (e.g. including Urtica, Sonchus, Anthriscus). In a
nutrient-rich environment the assemblage of withering plants creates favourable
conditions for a rich fauna of snails (Mollusca) and other invertebrates that
cause a faster compostation of dead plant materials, in which diapausing cater-
pillars may hide. The artificial breeding farm, where many observations have
been made, is situated in a clearing in a nutrient-rich and humid forest of ash
(Fraxinus) and alder (4/nus), next to a stream. Released E. maturna have persis-
tently refused to oviposit here in the period 1988-1999. The best habitats for the
survival of caterpillars in diapause also have a strong attraction for ovipositing
butterflies. Sweden was struck by severe drought in three successive summers
(1994-1996) and at that time the counts of webs very clearly pointed out failing
areas (with respect to populations in the preceding years) without sufficient
ground humidity. The butterfly was eradicated in an overwhelming majority of
dry places (AHLEN 1999, ELIASSON 1999b, 2001e, 2002¢, ELIASSON, AHLEN &
KINDVALL 2002).

The following list of plants characteristic of the typical habitat may help to
identify viable environments for restoration for any of the three species Euphy-
dryas maturna, E. aurinia and Melitaea diamina. It only includes the plants on
the more acid soils where all three species co-occur. None of the plants has
colonised the habitat after clear-felling, but rather they constitute the natural
under-growth of the mainly mixed spruce and pine forest, with broadleaf trees
confined to a patchy distribution along streams or in other wet places. Some ar-
eas were pastures two centuries ago. All habitats are covered with moraine or
fine sand at the bottom of valleys, but parts of the habitats also have naked




acidic bedrock of three different types. The presence of plants indicating a
slightly richer soil in the list below is due either to a wide belt of Carboniferous
limestone in the northern part of the study area (where only E. maturna occurs)
which has turned the moraine (to the south) slightly calcareous, or to smaller
pockets with basic minerals in the acidic bedrock. The influence of these basic
minerals is usually not observable outside areas with surfacing ground water
and flood areas along the small streams (ELIASSON 1991, 1999b). Asterisk (*)
indicates the most frequently visited flowers or buds by adults of Euphydryas
maturna, E. aurinia and Melitaea diamina in the study site in Vistmanland.

Sphagnum spp., Pteridium aquilinum, *Picea abies, Pinus sylvestris, Juniperus
communis, Salix caprea, Salix myrsinifolia, Myrica gale, Betula pubescens,
Betula pendula, Alnus glutinosa, Alnus incana, Anemone nemorosa, Trollius
europaeus, *Ranunculus acris, Filipendula ulmaria, Rubus saxatilis, *Rubus
idaeas, *Rubus nessensis, Rosa majalis, Rosa dumalis, #Potentilla erecta,
*Fragaria vesca, *Sorbus aucuparia, Prunus padus, *Polygala vulgaris, Gera-
nium sylvaticum, *Frangula alnus, Daphne mezereum, Hypericum maculatum,
Viola palustris, Angelica sylvestris, Calluna vulgaris, *Vaccinium vitis-idaea,
Vaccinium myrtillus, Vaccinium uliginosum, Trientalis europaea, Fraxinus ex-
celsior, Galium uliginosum, Prunella vulgaris, Mentha arvensis, *Veronica of
ficinalis, Melampyrum pratense, Melampyrum sylvaticum, Euphrasia stricta,
Rhinanthus serotinus vernalis, *Viburnum opulus, *Valeriana sambucifolia,
Succisa pratensis, Campanula rotundifolia, Solidago virgaurea, *Cirsium pal-
ustre, Cirsium helenioides, Leontodon autumnalis, *Scorzonera humilis,
Deschampsia cespitosa, Agrostis capillaris, Calamagrostis epigejos, Molinia
caerulea, Dactylorhiza maculata,

5.3 Advantages and disadvantages of prolonged life cycles.

The rearings from Vistmanland, Uppland and Géstrikland proved that all four
lowland Melitaeini species with a geographical distribution in the interior of
Sweden, north of 59-60° latitude, have a significant portion of caterpillars un-
dertaking a second (or more) hibernation (Tables 1-3, 5-6). Two lowland Meli-
taeini species in Sweden, of which one was investigated by us (Table 7), are
confined to coastal areas or areas with a low precipitation. Both have strictly
one-year life cycles and probably this is also the case for at least two of the four
species in the first group (Tables 3, 6) in more southern and coastal areas. The
causal connection of natural selection and the genetically influenced division
between smaller and larger proportions of prolonged life cycles is possibly cov-
ered by the suggestions below.

Advantages, consequent on partially biennial or multiennial life cycles, which
we suggest may be of importance to the long-term survival of the Melitaeini
species, are:
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1. Caterpillars diapausing in the fifth instar (after the second hibernation) will
produce adults faster than caterpillars diapausing in 3-4% instars (after the
first hibernation). The offspring of the earliest emerging butterflies will have
a better chance to complete their development to an instar capable of surviv-
ing the first hibernation.

2. Cold and rainy seasons may lead to local extinctions (to various extents) or
even population extinction of one-year individuals when the early instar pre-
hibernation caterpiliars fail to reach the instar in which they are able to with-
stand hibernation. Caterpillars from previous years, able to diapause follow-
ing a shorter feeding period, may counteract extinctions and prevent genetic
drift.

3. The year after an extremely cold and rainy season, with general population
crashes in insects that depend on insolation, offers caterpillars coming out of
their second (or subsequent) diapause period a relatively enemy-free envi-
ronment (to various extents). This situation may promote a population out-
break for the Melitaeini species, leading to more long-distance colonisations
of suitable environments.

4. Our observations on Euphydryas maturna and Cotesia acuminata suggest
that the lifetime exposure to parasitism may be reduced. This is because, af-
ter the first diapause, the feeding period of caterpillars that will diapause
again is shorter, and takes place largely at a time when the parasitoid adults
are not active, than that of caterpillars attempting to become adults after a
single diapause, whose feeding necessarily extends through a period of adult
parasitoid activity. In the subsequent year, the caterpillar that have already
diapaused twice start larger and require a shorter feeding time (again, while
parasitoid adults are scarce) to become immune to parasitism by Cotesia as
they approach pupation than those which have attempted to complete their
growth after a single diapause. The caterpillars that enter second (and subse-
quent) diapauses relatively early in summer are possibly found by Cotesia
but appear to be protected from parasitism to a large extent by virtue of their
dehydration, and possibly also aggregation, both of which result in their
spines surrounding them with impenetrable density.

Likewise the disadvantages of a partially biennial or multiennial life cycle are:

5. Some potential mortality factors are likely to pose undiminished (if stochas-
tic) threats, such that a longer pre-adult existence results in a greater risk.

6. Each additional diapause period (of 10-11 months) may cause high losses in
less suitable (dry) habitats. Similarly during the non-frozen time of the year
diapausing caterpillars must be able to find spots where they are less dis-
turbed by intruders (e.g. Mollusca) or threatened by (unknown) predators.
These demands on habitat quality may exclude some environments that
would be suitable for populations with a one-year life cycle.

7. Limitations in the spatial distribution of populations highly dependent on re-
peated diapause periods (as described in 6) may render migration less suc-
cessful.
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8. Populations with one-year life cycles and less exacting demands on habitat
quality may be more successful in colonising areas free from the specialised
parasitoids than populations with prolonged life cycles. This may promote
more frequent (local population) outbreaks, generating a higher rate of mi-
gration from populations with one-year life cycles.

The suggestions above may be applicable to each regional metapopulation with
a network of distribution areas with different types of habitats and during a long
time sequence with climatic variation. If the risk of weather-based reproduction
failure diminishes, the proportion of one-year life cycles should increase. This is
probably the case in populations of Euphydryas aurinia, Melitaea diamina and
M. athalia below 59-60° latitude, and may account for the restricted distribution
of M. britomartis if, as our data suggest, it invariably has a one-year life cycle.
The extremely low proportion of E. maturna with a one-year life cycle in Vist-
manland (Tables 1 and 2), and the fact that this species does not share the threat
of parasitism from Cotesia melitaearum with the other three species, have made
us suspect that Cotesia acuminata may have a selective influence on the pro-
longed life cycle. Extensive data (C.U. ELIASSON unpublished) on the relation-
ship between Cotesia acuminata and E. maturna will hopefully shed light on
this question. It is remarkable that one of the two remaining populations of E.
maturna in Sweden today mainly thrives in a climate where a reproduction fail-
ure on average happens as often as every fourth year.

5.4 Conclusions

In north-west Europe Euphydryas maturna is today one of the most endangered
butterfly species and included in the EU Habitat Directive (annexes 2 and 4)
(European Economic Community 1991, 1992, GARDENFORS 2000). It was not
considered to be threatened in Finland and Estonia according to the former red
list status and IUCN definitions (SWAAY, WARREN & GRILL 1997). The ecology
of the E. maturna populations in north-west Europe compared with east Europe
(east of the Baltic sea) seems to be so different that the results of ecological
studies of the two (or more) subspecies should not be mixed. The difference is
between a stenotopic taxon and a taxon that rarely occurs in the same distribu-
tion-patch for more than two years in a row. Euphydryas aurinia is less threat-
ened than E. maturna in north-west Europe, but has very high demands on habi-
tat quality, and is therefore also included in the EU Habitat Directive (Annex 2).
1t may disappear very abruptly from a region (from a large population size) as a
result of a few years of interruptions in the land management or to natural or
man-made forestation. This is what is happening to Melitaea britomartis in
Sweden today and the species is now on the brink of extinction. In Vist-
manland, E. maturna, E. aurinia and M. diamina live sympatrically — a fact that
definitely indicates that these species’ demands on habitat quality are very simi-
lar. The colder and more wet climate of northern to central Scandinavia is not
only a threat to the annual success of reproduction of Melitaeini species, it also




helps to create the necessary humidity of the environment in which repeated
diapause periods can be successful. Cotesia acuminata, being entirely depend-
ent on E. maturna in Sweden, should be recognised as equally endangered and
fully encompassed in nature conservation initiatives for the butterfly, not least
because of its undoubted roles in the evolutionary and population ecology of its
host.
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8 Zusammenfassung

Das Zie! der vorgesteliten Untersuchung ist es, Erkenntnisse fiir eine erfolgreiche Natur-
schutzarbeit zu gewinnen und vor allem die Eiablageplétze und Raupenfutterpflanzen von
sechs Melitaeini-Arten — namentlich Euphydryas aurinia, E. iduna, E. maturna, Melitaea a-
thalia, M. britomartis und M. diamina — in Schweden zu erkunden. Einige dieser Arten sind
dort sehr gefahrdet. Fiinf von ihnen — alle auBer M. britomartis — haben partielle zwei-, drei-
oder vierjshrige Entwicklungszyklen; ihre Uberwinterungstkologie und Raupenentwicklung
werden im Detail untersucht (mit unterschiedlicher Griindlichkeit, aber mit besonderen Hin-
weisen zu E. maturna). Klimatologische Faktoren, die offensichtlich einen Schmetterlingsle-
benszyklus beeinflussen, werden diskutiert; flir E. maturna werden Beweise préisentiert, dass
dieses Phinomen teilweise genetisch gesteuert ist. Eine hohe Habitatqualitit ist eine wichtige
Voraussetzung fiir das Uberleben der Melitaeini-Arten.

Zwei Microgasterinae-Arten (Hymenoptera: Braconidae), Cotesia acuminata und C. melitaea-
rum, beide spezialisierte Parasitoiden auf Melitaeaini-Arten, treten in den untersuchten Gebie-
ten auf; sie zeigen eine marginelle Uberschneidung ihrer Wirte. Eine besondere Eigenschaft
dieser Parasitoiden ist es, dass mehrere aufeinander folgende Generationen auf einer einzigen
Generation des Wirts leben, ihre Eier aber auf unterschiedlich alte Raupenstadien ablegen.
Infolgedessen sind sie wichtig fiir die Populationsdynamik der befallenen Falterarten. Wir
geben eine kurze Zusammenfassung vom Aufireten und dem Lebenszyklus der Parasitoiden,
auBerdem berichten wir von einigen experimentellen Manipulationen.

In Schweden legt E. maturna Eier nur an Fraxinus elxcelsior und Viburnum opulus ab. Die
Raupe frisst nach ihrer Uberwinterung auch an Kréutern wie Valeriana sambucifolia und Me-
lampyrum spp., bevorzugt aber, an Sprosslingen von Fraxinus excelsior zu fressen, soweit
diese zugénglich sind. Das ist ein groBer Unterschied zu E. maturna (ssp. tenuireticulosa) in
Finnland, wo die Eiablage an Melampyrum pratense, Viburnum opulus und Veronica longifo-
lia erfolgt. Die beiden oben genannten Parasitoiden kénnen sich in Raupenstadien von E. ma-
turna vor und nach der Uberwinterung entwickeln; in einer grofien Anzahl von vor und nach
der Uberwinterung gesammelten Raupen entwickelten sich sehr wenige Cotesia melitaearum
Individuen gegeniiber Hunderten Generationen von C. acuminata. In einer Brut Raupen je-
doch, die bewusst im ersten Raupenstadium auf Valeriana platziert wurde, entwickelte sich
nur C. melitaearum. Dies deutet an, dass in diesem Fall der Futterplatz eine wichtige Deter-
minante der Parasitierung ist. E. aurinia und M. diamnina — mit der gesamten Raupenentwick-
lung an Succisa pratensis bzw. Valeriana sambucifolia — sind in derselben Gegend regelmi-
Bige Wirte von C. melitaearum. Experimente!l durchgefiihrte Eiablagen von C. acuminata an
Raupen von E. aurinia, M. athalia und M. diamina ergaben nicht grofere Nachkommen an
Parasitoiden. Die hiufigere und weiter verbreitete Art M. athalia legt in Schweden Eier meis-
tens an Melampyrum spp. ab; sie scheint als Wirt fiir C. melitaearum ungeeignet zu sein. Die
Parasitoiden konnen sich erfolgreich in Raupenstadien vor der Uberwinterung entwickeln,
nicht jedoch in Raupenstadien nach der Uberwinterung.

Sehr wenige zuverldssige Aufzeichnungen der praimaginalen Entwicklungsstadien von £.
iduna sind publiziert worden. Wir meinen, dass die am haufigsten gewahlte Pflanze Barfsia
alpina ist, da wir dreizehnmal Raupen nach der Uberwinterung auf dieser Pflanze und nur
einmal auf Pedicularis hirsuta fanden. Wahrscheinlich hat E. iduna einen zweijéhrigen oder
dreijshrigen Entwicklungszyklus; die Zucht zum Imaginalstadium ist uns aber leider nicht
ganz gelungen.

In Schweden legt M. britomartis Eier auf Veronica spicata, V. chamaedrys und Plantago lan-
ceolata ab. M. britomartis scheint einen strikten einjdhrigen Entwicklungszyklus zu haben. Im
Gegensatz zu allen anderen von uns studierten Melitaeini-Arten kann die Raupe im zweiten
Stadium tiberwintern; meistens iiberwintert sie jedoch im dritten oder vierten Stadium, so wie




es auch bei den anderen Arten der Fall ist. Sie scheint nicht regelméBig von Cotesia spp. para-
sitiert zu werden. Wir fanden weder Parasitismus in der Natur, noch brachten wir experimen-
tell durchgefiihrte Eiablagen von C. melitaearum und C. acuminata positive Ergebnisse.

Das Raupenzuchtergebnis von Populationen mit teilweise mehrjshriger Entwicklungszyklus
stammt in der Hauptsache aus Vistmanland nordlich der groBen Seen. Im Gegensatz zu E.
aurinia, M. athalia und M. diamina, Arten die einen Hohen Anteil Raupen mit einjihrigem
Lebenszyklus haben, hat E, maturna einen sehr niedrigen Anteil mit einjahrigem Lebenszyk-
lus. In den Jahren 1994 bis 1996 wurde die ganze Population im Vistmanland durch Trocken-
heit negativ beeinflusst. Bis dahin war ein dreijghriger Entwicklungszyklus dominierend und
auch ein vierjahriger Zyklus war moglich. Zuchtexperimente in der Gefangenschaft haben das
bestitigt. Nach der Trockenperiode dominierte ein zweijahriger Lebenszyklus, aber der kleine
Anteil der Population mit einjahrigem Entwicklungszyklus blieb konstant.

Bei E. qurinia, M. athalia und M. diamina wird der Anteil mit zweijahrigem Entwicklungs-
zyklus von den Raupen bestimmt, die eine Diapause nach einem Jahr einleiten. Bei E. aurinia
und auch bei M. athalia ist nur ein kleinerer Anteil bereit, eine dritte oder vierte Diapause
einzuleiten. E. iduna hat wahrscheinlich einen zweijdhrigen oder dreijahrigen Entwicklungs-
zyklus, wie es die Diapausen der Raupen anzeigen.

Alle Melitaeini-Arten sind fiir die Entwicklung der Fier und Raupen von Sonnenschein stark
abhingig. Das ist besonders gut manifestiert durch die lingeren Zeitabschnitte zwischen den
Fressperioden, in denen die Raupen sich sonnen. Es ist gefunden worden, dass die optimale
Temperatur fiir den Metabolismus in einer britischen Population von E. aurinia betragt 35° C.
Unsere Messungen in 50 Nestern von E. maturna und in 28 Nestern von E. aurinia brachten
dasselbe Ergebnis. Wir stellen daher fest, dass die optimale Temperatur fiir den Metabolismus
von E. maturna ebenfalls 35° C betrigt.

E. aurinia, E. maturna und M. diamina bevorzugen Lebensriume mit hoher Bodenfeuchtig-
keit. Thre Populationen sind meistens individuenreich in sehr nassen Gebieten, oft in der Nihe
kleiner Wasserldufe. Eine besonders interessante Anpassung zeigten Raupen von E. aurinia
und E. maturna, die wihrend der Diapause sogar ldngere Zeit unter Wasser iiberleben konn-

©oten,

In Nordwesteuropa ist £. maturna eine der am stirksten gefihrdeten Tagfalterarten. E. matur-
na ist w.a. deshalb in die FFH Richtlinie der EU aufgenommen. In Finnland und Estland galt
E. maturna gemaB der alten Roten Liste und der IUCN Gefihrdungskategorien als nicht ge-
fahrdet. Die Okologie der nordwesteuropiischen Populationen von E. maturna ist offensicht-
lich so unterschiedlich von der Okologie der osteuropiischen Populationen (d.h. stlich des
Ostsee), dass die Resultate 6kologischer Studien tiber diese Populationen nicht miteinander
vermengt werden sollten. Hinzu kommt, dass einige Populationen streng bodenstindig sind,
wihrend die anderen selten mehr als zwei Jahren auf einer Stelle halten. Es handelt sich wohl
um zwei (oder mehr) unterschiedliche Unterarten.

E. aurinia ist in Nordwesteuropa offensichtlich weniger geféihrdet als E. maturna, stellt aber
hohe Anspriiche in die Habitatqualitét und ist wohi deshalb auch in die FFH Richtlinie der EU
aufgenommen. E. aurinia scheint aus einer Region abrupt zu verschwinden, wenn die land-
bzw. forstwirtschaftliche Bodennutzung grundlegend gedndert wird. Das geschieht gegenwir-
tig auch M. britomartis in Schweden; diese Art im Aussterben begriffen zu sein. In Vistman-
land leben E. maturna, E. aurinia und M. diamina nebeneinander — eine Tatsache, die zeigt,
dass die Anspriiche dieser Arten an die Habitatqualitit sehr dhnlich sind. Das kéltere und
feuchtere Klima in Nord- und Zentralskandinavien gefihrdet wohl insgesamt den jéhrlichen
Entwicklungszyklus der Melitaeini-Arten, sorgt jedoch andererseits fiir die notwendige Feuch-
tigkeit wéhrend der Diapausen.
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C. acuminata, in Schweden vbllig von E. maturna abhingig, sollte ebenfalls als gefiihrdet
_anerkannt und voll in den Schutz der Lebensriume dieser Tagfalterart einbezogen werden, vor
allem deswegen, weil: C: acuminata unbestritten an-der Evolution und Populationsbiologie
seines Wiits teilnimmt.

Die ersten Arbeiten in einem Artenschutzprogramm fir E. aurinia und E. maturna in
Vistmanland, wurden 1998 aufgenommen. Drei gréBere Lebensraumverbunde mitten der Me-
tapopulationen beider Arten, wurden gemiB der FFH Richtlinie der EU als Schutzfldchen
vorgeschlagen. Diese sind vom Natur- und Umweltschutzamt der schwedischen Regierung
akzeptiert worden. Das erste Naturschutzgebiet (41 ha) wurde offiziell im Jahr 2000 ausge-
wiesen. Die Wiederherstellung des Habitats wurde in den Jahren 2000-2001 abgeschlossen.
Nationale Aktionsplidne fiir E. aurinia und E. maturna sind neuerdings vom schwedischen
Natur- und Umweltschutzamt erarbeitet worden. Ein nationaler Aktionsplan fiir M. britomar-
tis ist in Vorbereitung.

9 Tables and figures

Tables 1 — 8 are not arranged in ascending order. The reasons are practical: page
saving layout; the editor offers his apology to readers. Figures 1 — 4: the author
of all photographs is C.U. Eliasson.

Table 5. Breeding results of complete broods of Melitaea diamina from Sweden:
Viistmanland, Nora and Lindesberg.

Year = the year of collection. Instar = instars in which collection made. B = number of broods
mixed together. D = number of larvae attempting diapause (including hibernation). S = number
surviving diapause. P = larvae parasitised by Cotesia melitaearum. R = remaining healthy larvae (S
minus P and minus mortality during the active feeding period). 1-2 = number of larvae attempting
adult stage (reaching pre-pupal, pupal or adult stage); 1 = number of larvae with one year life cycle;
2 = number of larvae with biennial life cycle.

Batch Year Instar B P D S P R 1 D S R 2 D
1. 1992 1,3 2 0 50 40 8 32 9 23 8 8 8 0
2. 1994 2 2 0 28 20 o 3 1 2 0
3. 1995 1,2 3 0 160 30 10 20 8 12 1]
4. 1997 3 1 4 70 52 11 33 25 8 0
1-4. Sum 8 4 308 142 29 88 43 45 8 8 8 0
Percentage of healthy larvae attempting diapause (D/R) 51.1 0
Percentage of larvae surviving

diapause and feeding period (R/(D-P)) 31.5 17.8
Percentage of total sum of adults (n =51) 84.3 15.7

Collecting and breeding by C.U. Eliasson.
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Table 3. Breeding results of complete broods and collected post-hibernation larvae
of Euphydryas aurinia

Year = the year of collection. Instar = the mixes of instars involved in batches. B = number of broods
mixed together. D = number of larvae attempting diapause (including hibernation). $ = number surviving
diapause. P = larvae parasitised by Cotesia melitaearum. R = remaining heaithy larvae (S minus P and
minus mortality during the active feeding period). 1-2 = number of larvae attempting adult stage (reaching
pre-pupal, pupal or adult stage); 1 = number of larvae with one year life cycle; 2 = number of larvae with
biennial life cycle.

Batch Year Instar B D S P R 1 D S R D S

18

1. 1992 4-5 na na 12 0 12 5 7 1 ! 0 1 0
2. 1993 4-5 na na 32 0 21 9 12 7 7 7 0
3. 1993 -2 5 327 150 0 150 35 115 15 'na
4. 1994 2-4 5 303 263 14 215 147 68 27 7 7 o
5. 1996 4 na na 18 3 11 7 4 0
6. 1998 4 na na 80 2 62 58 4 0
7. 1999 3 2 174 101 0 81 68 13 9 7 7 0
8. 1999 4 1 79 61 0 46 42 4 1 0
Batches 3, 4, 7, 8. Percentage of larvae

surviving diapause (S/(D-P)) 66.2 26.0
1. Series before 1995
I, 2, 4. Percentage of healthy larvae attempting diapause (D/R) 35.1 6.7
1-4. Percentage of healthy larvae attempting diapause (D/R) 50.8 na
1, 2, 4. Percentage of total sum of adults (n = 175) 92.0 8.0
2. Series after 1995
5-8. Percentage of healthy larvae attempting diapause (D/R) 12.5 0.0
5-8. Percentage of total sum of adults (n = 182) 96.1 3.8

Batches I, 2, 5, 6 = post-hibernation larvae collected from unknown number of broods (collection in general
made from webs in early spring which should not contain caterpillars from previous hibernations); 1-4 =
Sweden, Vistmanland, Nora and Lindesberg; 5 = Sweden, Uppland, Ostfora; 6 = Sweden, Gastrikland,
Hade; 7 = Sweden, Vistmanland, Viker; 8 = Sweden, Vistmanland, Nora. 'Larvae used in parasitoid
experiment. na = data not available. Collecting and breeding by C. U. Eliasson.

Table 4. Breeding results of collected post-hibernation larvae of Euphydryas iduna
from Sweden, Torne lappmark, Abisko.

Year = the year of collection. Instar = collection made as third to fourth instars. B = number of broods
mixed together. D = number of larvae ing di (including hibemation). $ = number surviving
diapause. P = Jarvae parasitised by Coresia spp. R = remalmng healthy larvae (S minus P and minus mortality
during the active feeding period). 1-2 = number of larvae attempting adult stage (reaching pre-pupal, pupal or
adult stage); 1 = number of larvae with one year life cycle; 2 = number of larvae with biennial life cycle. na =
data not available.

Batch Year Instar B D S P R 1 D s R 2 D s R
1. 1995 3-4 na na 14 0 13 0 13 i1 7 0 7 1 0
Percentage of healthy larvae attempting diapause (D/R) 100 100

Percentage of larvae surviving
diapause and feeding period (R/(D-P)) 53.8

Collecting and breeding by C.U. Eliasson.
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Literaturspiegel

R. BARNETT et al.:
Butterflies of the Bristol region.

BRERC, Bristol (GB), 2003. 205 pp., numerous unnumbered b/w and col. figs. and maps
throughout. ISBN 0-9545235-0-4. Price (RRP) £ 24.95. Hardback 25 x 19 cm.

Zahlreiche regionale Tagfaltermonografien oder Tagfalterfiihrer sind in GroBbritannien in den
letzten 10 bis 20 Jahren erschienen. Das Bristo] Regional Environment Record Centre
(BRERC) hat im Juni dieses Jahres die letzte regionale Tagfaltermonografie vorgestellt. Der
Begriff ,Bristol Region“ umfasst vier kleine Grafschaften (counties): Bath and North-East
Somerset, Bristol, North Somerset and South Gloucestershire. Ein Autorenteam zeichnet fiir
das vorliegende Buch: R. Barnett, R. Higgins, T. Moulin, C. Wiltshire; das Team wurde von
zwei [llustratoren unterstiitzt: A. Daw und B. Edwards. Wie es gewohnt in GroBbritannien ist,
behandelt auch dieses Buch neben den einheimischen Arten auch alle Wanderfalterarten, egal
wie selten sie sind, auch wenn sie nur einmal im Untersuchungsgebiet vorgefunden (und das
noch vor mehr als 100 Jahren) oder wenn sie nicht einwandfrei nachgewiesen worden sind.
Somit kommt das Buch auf iiber 60 Artenbesprechungen; alle sind ausfiihrlich und gut ver-
standlich verfasst; bei den Wanderfalterarten und bei den in der Bristol Region ausgestorbe-
nen bzw. verschollenen Arten sind die Umstéinde des Fundes bzw. des Aussterbens méglichst
vollstindig dargestellt. Eine derzeit meistens akzeptierte Art, die in Bristol Region vorkom-
men miisste, habe ich nicht gefunden: Lepridea reali. Die einzelnen Artenbesprechungen sind
durch meistens gute Farbfotos (Naturaufnahmen), kommentierte Verbreitungskarten (UTM
Gitter 1 km) und gelegentlich auch schine schwarz-weiBie Kunstzeichnungen ergénzt. Im all-
gemeinen Teil wird den wichtigsten Lebensrdumen besondere Aufmerksamkeit gewidmet.
Die Methoden, Techniken des Studiums und die Geschichte der Erfassung der Tagfalter sind
ausflihrlich beschrieben. Im Vergleich mit der entsprechenden deutschen Literatur ist es recht
erfrischend, dass auch das Schmetterlingsnetz, die Insektennadeln und #haliche Sammeluten-
silien erwéhnt und sogar abgebildet sind; auf der Seite 4 findet der Leser sogar ein Foto eines
kleinen Madchens, dass den Umgang mit dem Schmetterlingsnetz lernt. Was fiir einen Unter-
schied zum durch Ideologien geprigten Naturschutz in Deutschland! Ein ausfithrliches Litera-
turverzeichnis, ein Register, ein Verzeichnis der Recorders sowie Adressen von zustindigen
Behtrden und einschisgigen Organisationen sind in den abschliefenden Kapitel des vorlie-
genden Buchs aufgelistet. Kurz gefasst: Ein schones Buch, das z.Zt. noch direkt von BRERC,
Ashton Court Estate, Long Ashton, GB - Bristol BS41 9JN zum sehr verniinftigen Sonder-
preis von £ 22.55 (samt Verpackung und Porto in Europa) bezogen werden kann.

Otakar Kudrna (August 2003)

P.Y. GORBUNOV:
The butterflies of Russia: classification, genitalia, keys for identification.

Thesis, Ekaterinburg (RUS), 2001. 320 pp., 13 col. pls., 41 b/w: pls.. ISBN 5-94131-004-8.
Price EUR 60,--. Hardback 30 x 22 cm.

Das bekannte zweib4ndige Werk ,,Guide to the butterflies of Russia and adjacent countries™
herausgegeben 1997 bzw. 2000 von V.K. Tuzov, stellt die erste umfangreichere und ernst zu
nehmende Bearbeitung der Tagfalterfauna eines Grofteils der palaearktischen Region dar.
Dieses ausreichend illustrierte Werk beschiftigt sich aber fast ausschlieBlich mit dem #uBerli-
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chen Habitus der Arten und auf ziemlich oberflachliche Weise mit den Fragen ihrer Verbrei-
tung. Von einigen merkwiirdigen Interpretationen der internationalen Nomenklaturregeln und
klaren taxonomischen Fehlentscheidungen abgesehen, vermisst man sehr schmerzlich Infor-
mationen zur Anatomie und Morphologie der besprochenen Arten, vor allem zu den Genita-
lien. Das neue Werk von P.Y. Gorbunov kommt daher gerade richtig und zeigt auf den ersten
Blick, dass der Autor ein gelernter Lepidopterologe und Systematiker ist. Etwa 20 Seiten
widmen sich den allgemeinen Aspekten der Tagfaiterfauna Russlands (preface, abbreviations,
acknowledgements, glossary, catalogue structure und butterfly morphology). Im systemati-
schen Teil werden auf etwa 230 Seiten die Tagfalterarten Russlands besprochen. Dieser Um-
fang ist bei der verwenden platzsparenden, kleinen Schrift durchaus hinreichend. Die informa-
tionsreichen Artenbesprechungen gliedern sich wie folgt: Originalkombination mit bibliogra-
phischer Referenz, ausgewihlte Synonymie und taxonomische Geschichte, Areal und
Verbreitung, Genitalien. Okologie und ggf. Diskussion. Dariiber hinaus werden auch die
»wichtigeren” Unterarten behandelt. Kleine Verbreitungskarten ergidnzen die Artenbespre-
chungen. Die Bestimmung der Arten wird durch Bestimmungstabellen (d.h. dichotome
Schliissel) erleichtert. Dem systematischen Teil folgen auf immerhin 41 Seiten durchaus ge-
lungene Strichzeichnungen der (meistens ménnlichen) Genitalien. Diese stellen eine grofie
Hilfe fiir die Bestimmung der Arten und die Beurteilung des taxonomischen Status bzw. der
Verwandtschaft dar. Appendix B enthélt 117 farbige Naturfarbfotos der Tagfalterarten Russ-
lands; die Qualitéit der einzelnen Fotos ist von Fall zu Fall unterschiedlich, eine Tatsache, die
einen Fachmann in Anbetracht des Umfangs dieses Werkes und der Grofie des bearbeiteten
Gebietes nicht iiberraschen wird. Allerdings halte ich Naturfotos in einem Werk dieser Art fiir
nicht unbedingt notwendig; sie stellen héchstens eine zweitrangige Erginzung dar. Gewdhnli-
che Farbtafeln zur Darstellung préparierter Exemplare wiren sinnvoller gewesen. Als Beihilfe
muss der Leser zum o.a. V.K. Tuzov's Werk greifen. Das letzte Kapitel dieses Buches enthélt
das Register der lateinischen Namen der Arten, Unterarten, Gattungen und Familien. Das vor-
liegende Buch bedeutet ohne Frage einen groflen Fortschritt in der Erforschung der Tagfalter
des palaearktischen Faunengebiets und ist auch fiir alle Besitzer des Werkes von V.K. Tuzov
eine unverzichtbare Ergdnzung. Man konnte sicher diskutieren ob dieses oder jenes noch bes-
ser bearbeitet werden kdnnte oder nicht. In Anbetracht des Umfangs und der allgemeinen Be-
deutung dieses Werkes sind aber solche Uberlegungen wenig sinnvoll und kaum angebracht.
Dem Autor gebiihrt sowohl unser herzlicher Dank fiir seine grofie Miihe als auch unser herzli-
cher Glickwunsch zum gut gelungenen Buch. Hoffentlich bleibt auch der hochverdiente
kommerzielle Erfolg dieses Buches nicht aus.

Otakar Kudrna (Mai 2003)

P. JAKSIC:
Red data book of Serbian butterflies.

Institute for Nature Conservation in Serbia, Belgrade (YU), 2003. 198 pp., 32 col. figs. of
typical habitats, numerous unnumbered col. and b/w ill. throughout, unnumbered col. maps.
ISBN 86-80877-03-4. Price 100,-- EUR. Hardback 30 x 22 cm.

Jugoslawien - der kiinstliche ,,Grof3staat™, dessen Name sich zuletzt nur noch Serbien ange-
eignet hat — ist definitiv verschwunden. Das vorliegende Buch diirfte zu den ersten gehéren,
die nach etwa 80 Jahren wieder den Name Serbien tragen. Es ist schon, dass es sich dabei
gerade um ein dem Schutz der Tagfalter gewidmetes Buch handelt. Der Buchautor. Dr. P.
Jaksic, diirfte den europdischen Lepidopterologen durch seine zahlreichen Publikationen, vor
allem aber durch seinen Verbreitungsatlas der Tagfalter des ehemaligen Jugoslawiens, gut
bekannt sein. Das Buch ist auf serbisch geschrieben, allerdings mit englischem Titel und zahl-
reichen kurzen englischen Zusammenfassungen zerstreuten durch das ganze Buch und einer
ausfiihrlichen englischen Zusammenfassung am Ende des Buches. Die ersten beinahe 60 Sei-
ten berichten ausfiihrlich tiber die allgemeinen Aspekte der Tagfalterfauna Serbiens; diese
haben leider keine englischen Kurzfassungen, nur englische Untertitel im Inhaltsverzeichnis.
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Im speziellen Teil werden die als geféihrdet (s.1.) betrachteten 56 Tagfalterarten in Einzelmo-
nografien behandelt. Manche Aussagen werden den Leser iiberraschen. Einige Beispiele: Pie-
ris brassicae soll ,,vulnerable” und Papilio machaon soll ,.endangered™ sein — beides ist kaum
zu glauben. Nymphalis I-album wird unter dem altbekannten nomen nudum N. vaualbum ge-
fiihrt, Colias balcanica wird als C. caucasica bezeichnet und bei Pseudophilotes baton han-
delt es sich bestimmt um Scolitantides vicrama. Auch kuriose, ,,atomisierte® Gattungsnamen
stéren: Esperarge, Lopinga, Clossiana und viele andere. Die einzelnen Artbesprechungen
sind aber viel besser, als die verwendete Nomenklatur vermuten ldsst und bestétigen die unbe-
strittene hohe fachliche Qualifikation und groRe Erfahrung des Autors in Fragen der Tagfal-
terfauna Serbiens. Alle Artbesprechungen werden durch jeweils eine Verbreitungskarte, eine
(leider zumeist ungewdhnlich vergroBerte) Farbabbildung der Art und eine gute, aber im Red
Data Book nicht notwendige Strichzeichnung der ménnlichen Genitalien ergéinzt. Ein Litera-
turverzeichnis, Register und eine ausfithrliche englische Zusammenfassung runden das insge-
samt gelungene Buch ab. Die gute Papier- und Druckqualitét dieses Buches war auf dem Bal-
kan noch vor wenigen Jahren unvorstellbar; der hohe Verkaufspreis ist leider v6llig unrealis-
tisch. Es ist erfreulich, dass wir dank dieses Buches nun mehr iiber die Tagfalterfauna Ser-
biens und ihren Schutz in Erfahrung bringen kdnnen. Es wire aber noch sehr wiinschenswert,
dem groBen Schritt vom fritheren , Jugoslawien der Vergangenheit zum Serbien der Gegen-
wart einen weiteren grofien Schritt folgen zu lassen: Von der iiberholten kyrillischen Schrift
der Vergangenheit zum lateinischen Schrift der Gegenwart! Im gleichsprachigen Kroatien
wurde die kyrillische Schrift bereits vor Jahrzehnten abgeschafft und durch die lateinische
ersetzt. Mit der Abschaffung der kyrillischen Schrift wiirde sich Serbien vor allem zum eige-
nen Gewinn der Welt auch sprachlich 6ffnen und dabei noch ein gutes Beispiel fiir die {ibri-
gen, durch die archaische kyrillische Schrift derzeit noch isolierten Balkanstaaten (z.B. Grie-
chenland, Bulgarien, Makedonien) geben.

Otakar Kudrna (Juni 2003)

D. KoLLIGS:
Schmetterlinge Schleswig-Holsteins.

Wachholtz Verlag, Neumiinster (D), 2003. 212 pp., numerous mostly unnumbered col. ill.
throughout, col. maps. ISBN 3-529-07330-X. Price EUR 22,—. Hardback 28 x 22 c¢m.

Schleswig-Holstein — und eigentlich der gesamte deutsche Norden — zeichnen sich nicht durch
Reichtum der Schmetterlingsarten aus. Dennoch beherbergt auch Schleswig-Holstein einige
interessante Tagfalterarten und wertvolle Tagfalterlebensriume. Im vorliegenden Buch wer-
den die in Schleswig-Holstein heimischen Tagfalterarten (samt Dickkopffalter) und Widder-
chen mit Angaben zur Biologic, der Nahrung, zu den Anspriichen der Falter und Raupen, zu
den Habitatstrukturen und der Gefihrdung ausfiihrlich besprochen. Zahlreiche gute, attraktive
Fotos stellen die Arten sowohl fiir den Fachmann als auch fiir den Naturliebhaber anschaulich
vor. Der z.T. dramatische Riickgang vieler Schmetterlingsarten wird anhand der historischen
und aktuellen Verbreitungsdaten deutlich dargestellt. Die vielfiltigen allgemeinen und landes-
spezifischen Gefihrdungsursachen werden ausfiihrlich diskutiert. Insbesondere der tiefgrei-
fende Landschaftswandel innerhalb der letzten 50 Jahre hat auch im Norden Deutschlands
zum Riickgang der Tagfalterarten sehr deutlich beigetragen. Insgesamt werden im vorliegen-
den Buch 89 Schmetterlingsarten vorgestellt; davon sind 82 Tagfalter- und Dickkopffalterar-
ten. Fiir jede Art wird eine Doppelseite reserviert; jede Artbesprechung ist libersichtlich ge-
gliedert und wird von ein oder zwei Farbfotos und einer Verbreitungskarte begleitet. Behan-
delt werden die folgenden Themenbereiche: Verbreitung, Vorkommen in Schleswig-Holstein,
Habitat, Nahrungspflanzen der Raupe, Gefihrdung und dhnliche Arten. Der allgemeine Teil
setzt sich aus zwei Abschnitten zusammen. Der erste Teil besteht aus der Einleitung und der
Erlauterung der Methoden sowie einer kurzen Einfithrung in die Okologie der tagaktiven
Schmetterlingsarten. Der zweite Teil, der den Artenbesprechungen folgt, analysiert die artspe-
zifischen Daten und untersucht die Lebensrdume behandelt. Dem Autor, Dr. Detlef Kolligs,
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ist dieses Buch zweifelsohne gut gelungen. Ohne Unterstiitzung von und Zusammenarbeit mit
zahlreichen Lepidopterologen (,Amateurforscher”) wire dieses Vorhaben nicht realisierbar
gewesen. Hoffentlich werden die Ergebnisse dieser naturschutzorientierten Ver6ffentlichung
auch konsequent und ohne Verzdgerung in die Praxis umgesetzt. Das Vorhaben wurde durch
eine grofziigige finanzielle Forderung seitens der Faunistisch-Okologischen Arbeitsgemein-
schaft Schleswig-Holsteins unterstiitzt; eine Druckkostenbeihilfe der Umweltlotterie .Bingo-
Lotto“ hat ermdglicht, dieses Fachbuch in ein wirklich schdnes Buch umzuwandeln und es
sehr preiswert der breiten Offentlichkeit anzubieten.

Otakar Kudrna (Juni 2003)

Z. LASTUVKA & J. MAREK:
Motyli (Lepidoptera) Moravskeho Krasu: diverzita, spolecenstva a ochrana.

Korax, Jedovnice (CZ), 2002. 123 pp., 8 col. pls. 6 unnumbered col. figs., 2 col. maps. ISBN
80-238-9742-X. Price (incl. p. & p.) EUR 5,--. Softback 23 x 16 cm.

Das vorliegende Paperback —frei iibersetzt ,,Die Schmetterlinge des Mahrischen Karsts: Viel-
falt, Gemeinschaften und Schutz® — ist eine faunistisch-Skologische Bearbeitung der
Schmetterlingsfauna eines sehr interessanten und artenreichen Gebiets von Mittelméhren, das
nur wenige Kilometer ndrdlich von Briinn liegt. Der Mihrische Karst ist ein
Landschafisschutzgebiet; die tschechische Bedeutung dieses Begriffs kommt dem
Bayerischen Begriff ,,Naturpark“ sehr nahe, hat jedoch mit dem bekannten deutschen Begriff
»Landschaftsschutzgebiet” nichts zu tun. Das Bearbeitungsgebiet ist etwa 25 km lang und bis
zu 5 km breit. Im allgemeinen Teil werden die folgenden Themen behandelt: Geographische
Lage, Geologie, Geomorphologie, Klima, Geschichte der Besiedlung, Pflanzengesellschaften
und ihre Geschichte, Schutz, Geschichte und Stand der lepidopterologischen Erforschung. Die
nachfolgende (sehr anschauliche) tabellarische Ubersicht der im gut erforschten Mahrischen
Karst festgestellten Schmetterlingsarten erstreckt sich itber 35 Seiten. Das der tabellarische
Ubersicht folgende Kapitel setzt sich mit der Vergesellschaftung von Biozénosen und der fiir
sie charakteristischen Schmetterlingsarten auseinander. Auf etwa 15 Seiten werden die
charakteristischen Schmetterlingsarten und die wichtigsten Schmetterlingsfundorte im
Untersuchungsgebiet ausfiihrlich beschrieben. Zum Schluss wird die Erhaltung der
Schmetterlingsfauna und ihrer Lebensrdiume im Mihrischen Karst behandelt. Eine
ausfiihrliche Bibliographie und ein umfassendes Register runden das Buch ab. Die zT.
farbigen Abbildungen stellen eine gute Erginzung des Textes dar. Insgesamt betrachtet bringt
das vorliegende Buch eine beispielhafte naturschutzorientierte faunistische Monographie (mit
englischer Zusammenfassung) eines lepidopterologisch interessanten Gebietes.

Otakar Kudrna (April 2003)

C. MAKRIS:
Butterflies of Cyprus.

Bank of Cyprus Cultural Foundation, Nicosia (CY), 2003. 329 pp., 52 col. pls., numerous
unnumbered col. figs., diagr. and maps. ISBN 9963-42-815-0 (hardback) 9963-42-817-7 (pa-
perback). Price £ 29,50 (hardback) or £ 25,80 (paperback). Format 28 x 24 cm.

Zypern ist die drittgrofite Mittelmeerinsel und wird (ohne den durch die Tiirkei seit 1974 vél-
kerrechtwidrig besetzten Nordosten) in wenigen Monaten der EU angehéren. Die Tagfalter-
fauna Zypems ist mit der siidtiirkischen nahe verwandt. Inselfaunen zeichnen sich nicht durch
eine groBe Artenvielfalt sondern durch interessante endemische Arten aus. Nach dem vorlie-
genden Buch werden auf Zypern 53 Tagfalterarten nachgewiesen; davon sind nur drei Arten
endemisch: Glaucopsyche paphos, Hipparchia cypriensis und Maniola cypricola und etwa
sechs werden als endemische Unterarten betrachtet. Eine fiir Zypern neue Art — Colias erate —
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wird zwar durch glaubwiirdig aussehende Exemplare vorgestellt, aber das die Determination
bestitigende UV-Foto des Hidden-Wing-Patterns fehlt. Das vorliegende Buch iiberrascht je-
den gut informierten Leser durch den im Vergleich zur Inselgrofie und Tagfalterartenvielfalt
disproportional grofien Umfang, die luxuritse Ausstattung und den giinstigen Preis. Das alles
ist der GroBziigigkeit der Kulturstiftung der Bank of Cyprus zu verdanken. Die unzihligen
Naturfarbfotos sind meistens gut bis sehr gut. Die Artenmonografien sind umfangreich und
tibersichtlich; Stichworte: Bestimmung, Beschreibung, Variabilitit, Areal, Phanologie, Nah-
rungspflanzen der Larven und Verbreitung. Die Bestimmung der Arten wird durch gut gelun-
gene fotografische Farbtafeln, die priparierte Exemplare darstellen, erleichtert. Die guten
Verbreitungskarten stammen von E. John, der auch fiir die Redaktion der englischen Ausgabe
zeichnet und ist auch als Hauptrecorder fiir Zypern fiir MEB bekannt. Im allgemeinen Teil
werden neben der Biologie und Zoogeografie der Tagfalter im weitersten Sinne auch die Geo-
grafie und Flora von Zypern beschrieben; die wichtigsten Schmetterlingsfundorte sind leider
nicht ausreichend berticksichtigt (vgl. auch Schmetterlingsschutz!). Auch der Schutz bzw. die
Erhaltung der Tagfalterfauna von Zypern werden behandelt. Der Vorschiag, 21 auf Zypem
vorkommende Tagfalterarten durch die EU Richtlinie 92/43 und Natura 2000 zu schiitzen,
kann allerdings nicht emst genommen werden, da 20 der aufgefithrten Arten der Definition
der ,,Arten von gemeinschaftlichen Interesse® iiberhaupt nicht entsprechen. Wenn einige der
20 Arten tatsichlich auf Zypern schutzwiirdig sind, dann sind die zyprischen Behorden und
nicht der EU gefordert. Als einzige Ausnahme kénnte moglicherweise Glaucopsyche paphos
durch die EU Richtlinie 92/43 geschiitzt werden; alles andere wiirde dem Missbrauch der eu-
ropéischen Gesetzgebung gleich kommen. Die Problematik des Schmetterlingsschutzes wird
auf Zypern offensichtlich noch nicht ausreichend verstanden. Diese Feststellung éndert natir-
lich nicht das positive Gesamturteil {iber dieses Buch: Sehr schon! Herzlicher Glickwunsch
gebiihrt allen, deren ehrenamtliche Ttigkeit die Herausgabe dieses Buches ermdglicht hat.
Der Dank fiir luxuriose Ausfiihrung des Buchs gebiihrt der Kulturstiftung der Bank of Cyprus.
Die Grofle und der Umfang machen dieses Buch aber als ,.field guide® véilig ungeeignet. Es
wire nun angebracht, einen englischen ,.field guide* im Taschenformat herauszubringen und
damit auch das ..butterfly watching™ auf Zypern zu erleichtern.

Otakar Kudrna (August 2003)

E. MARAVALHAS (Ed.):
As borboletas de Portugal.

Published by the Editor: E. Maravalhas, Maia (P), 2003. 455 pp., 27 col. pls., Numerous un-
numbered col. figs. and maps. ISBN 972-96031-9-7. Price EUR 44.--. Hardback 22 x 15 cm.
Distributor: Apollo Books, Kirkeby Sand 19, DK-5771 Stenstrup.

Die Schmetterlingsfauna Portugals hat immer im Schatten der sehr reichen und auflerordent-
lich interessanten Schmetterlingsfauna Spaniens gestanden. Streng genommen ist das vorlie-
gende Buch das erste Buch iiber die Tagfalterfauna von Portugal dar. Es gibt natiirlich einige
umfangreiche dltere Publikationen, die zerstreut in Fachzeitschriften erscheinen. Portugal
wurde auch mehrmals auf unterschiedliche Weise in einigen Biichern iiber die Tagfalterfauna
Spaniens bzw. der Iberischen Halbinsel beriicksichtigt. Das kann aber die Bedeutung dieses
Werkes keineswegs herabsetzen. Das vorliegende Buch wurde von einem Autorenteam ge-
schrieben: C. Aguilar,. M.B. Arayjo, E. Garcia-Baros Saura, P. Garcia-Pereira, .M. Gross-
Silva, J. Honrado, E. Maravalhas, M. Meyer, M.O. Miralto, M.J. Samways, und T. Schmitt; F.
Romao und V. Sarto i Monteys, haben den o.a. Autoren mit einigen eigenen Photos geholfen,
die offenen ,.Liicken” zu schlieBen. Die Hauptsprache ist portugiesisch; englische Abstrakte,
Zusammenfassungen und Erklarungen der Abbildungen sowie ein englisches Inhaltverzeich-
nis etleichtern jenen Lesern die Orientierung, die der portugiesischen Sprache nicht méchtig
sind. Der Inhalt des vorliegenden Buches ist in etwa 20 Kapitel gegliedert: Geschichte der
Erforschung der Tagfalterfauna Portugals, Einfiihrung in die Entomologie, Evolution der Tag-

57




falter, Biologie der Tagfalter, Pradatoren und Parasiten der Tagfalter, Tagfalterwanderungen,
Tagfalter und Mensch, Lebensriume der Tagfalter, Okologie der Tagfalter, Schutz der Tagfal-
ter, Genetik der Tagfalter, Verbreitung und Vielfalt der Tagfalter, Tagfaltermonitoring, Me-
thodik der Erforschung der Tagfalter, Vegetation von Portugal, Artenmonografien, Farbtafeln,
Glossar, Bibliographie und Namensregister. Das Buch begeistert durch eine sehr attraktive
und zugleich zweckmiBige Gestaltung. Dennoch stort es ein wenig, dass die rechte Halfte des
Vorsatzpapiers zugleich die Titelseite darstellt. Die Stichworte jeder Artbesprechung sind:
Areal und Verbreitung, Beschreibung, Biologie, Status in Portugal und Europa, Schutz, hnli-
che Arten und empfohlene Literatur. Jede Artbesprechung ergénzen zumeist gute farbige Na-
turfotos und eine iibersichtliche Verbreitungskarte; gesonderte Abbildungen helfen bei der
Artbestimmung. Bei so vielen Autoren ist es unabdingbar, dass die Naturfotos fototechnisch
nicht immer zueinander passen. Die fotographische Farbtafeln sind durchaus brauchbar, las-
sen aber in einigen Fillen noch Raum fiir Verbesserung offen; sinnvoller wire es gewesen,
nur gut priparierte, frisch geschliipfte Falter fiir die Abbildungen zu suchen. Die Verbrei-
tungskarten bestitigen, was bereits die von E. Maravalhas & P. Garcia-Pereira gelieferten
portugiesischen MEB Verbreitungsdaten vermuten liefen: Portugal ist trotz den verhiltnis-
miBig wenigen Publikationen besser erforscht als Spanien. Mit diesem sehr empfehlenswer-
ten Buch stellt nun Portugal das Nachbarland Spanien deutlich in den Schatten, wobei kurio-
serweise das mit groBem Abstand beste Buch iiber die Tagfalter Spaniens noch heute das {iber
30 Jahre alte englische Werk von W.B. Manley & H.G. Allcard ,, The field guide to the but-
terflies and burnets of Spain® ist. Vor allem dem Verleger und Herausgeber, Emestino Mara-
valhas, gebiihrt zu diesem schonen Buch unser Dank und recht herzlicher Gliickwunsch.

Otakar Kudrna (Juni 2003)

L. PANIGAU:
Motyle Norodneho Parku Poloniny.

Statna Ochrana Prirody SR & Sprava NP Poloniny, Banska Bystrica & Snina, (SK), 2000.
111 pp., [8] col. figs. ISBN 80-89035-01-9. Price not stated. Softback 24 x 17 cm.

Die Slowakei ist — woh! mit der Ausnahme des Tatra Nationalparks — in Westeuropa aus lepi-
dopterologischer Sicht noch nicht ausreichend bekannt. Die vorliegende Publikation (mit dem
englischen Untertitel ,,Lepidoptera of the national park Poloniny™) stellt die Schmetterlings-
fauna des im Nordosten der Slowakei liegenden, an Polen und die Ukraine grenzenden Polo-
niny Nationalparks vor. Der Autor dieser Publikation triigt die Ergebnisse seiner mehrjahrigen
Erforschung des Nationalparks Poloniny vor. Insgesamt 819 Schmetterlingsarten konnte er
dabei feststellen, zu denen u.a. auch Argyronome laodice gehort. Im allgemeinen Teil der vor-
liegenden Publikation werden das Gebiet des Nationalparks, die Geschichte der Artenerfas-
sungund die wichtigsten Schmetterlingsfundorte vorgestellt. Der spezielle Teil enthélt kurze
Besprechungen aller 819 Schmetterlingsarten; es wére wiinschenswert mindestens die fiir den
Nationalpark charakteristischen Schmetterlingsarten ausfithrlicher zu beschreiben und ihre
Verbreitung durch Verbreitungskarten aufzuzeigen. Woh! aus finanziellen Griinden konnten
nur acht Farbfotos abgebildet werden. Obwohl die sechs Schmetterlingsfotos keineswegs
schlecht sind, wire es sinnvoller gewesen, stattdessen Aufnahmen charakteristischer Lebens-
rdumen zu bringen. Die Zusammenfassung der Forschungsergebnisse behandelt die 6kologi-
schen Aspekte des Untersuchungsgebietes und gibt Empfehlungen zum Schutz geféhrdeter
bzw. schiitzenswerter Arten und Lebensrdume aus lepidopterologischer Sicht. Eine kurze eng-
lische Zusammenfassung, ein Literaturverzeichnis und ein Register wissenschaftlicher Namen
runden die insgesamt gut gelungene und sinnvolle Publikation ab. Das Gebiet und die griind-
lichen Forschungen des Autors hitten bestimmt eine umfangreichere Publikation verdient,
aber angesichts der Skonomischen Gegebenheiten bzw. Priorititen kénnen leider nur sehr
selten alle Wiinsche erfiillt werden.

Otakar Kudrna (Januar 2001)
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M. RAVIGLIONE & F. BoGGlo:
Le farfalle del Biellese.

Amministrazione Provinciale di Biella, Biella (I), 2001. 371 pp., 17 col. pls., numerous col.
figs., 110 col. maps. ISBN not known. Price not stated. Softback 22 x 23 cm.

Italien weist die wohl hichste Vielfalt an Tagfalterarten in Europa auf. Mit ,,nur* 110 Tagfal-
terarten ist das kleine, stark zersiedelte Gebiet um Biella im Nordwesten Italiens (Piedmont)
sicher nicht das artenreichste. Dem stets wachsenden Interesse der Offentlichkeit und der
Verwaltung ist es zu verdanken, dass immer neue naturschutzorientierte regionale Publikatio-
nen iiber die Schmetterlinge bzw. Tagfalter von Teilgebieten Italiens erscheinen. Das vorlie-
gende Buch stellt die Tagfalterfauna der Provinz von Biella unter besonderer Beriicksichti-
gung ihrer Schutzes vor. Im allgemeinen Teil werden die naturschutzrelevanten Tagfalterle-
bensrdume ausfiihrlich beschreiben (aus meiner Sicht vielleicht der wichtigste Abschnitt die-
ses Buches!) sowie die Tagfalter selbst (Okologie, Anspriiche, Biologie, Schutz usw.) vorge-
stellt. Ausreichende und z.T. sehr attraktive bzw. instruktive Farbabbildungen der Lebens-
rdume und zahlreiche farbige Naturfotos der Schmetterlingsarten machen den Text auch fiir
den Laien besonders anschaulich. Im systematischen Teil werde alle 110 Tagfalterarten be-
sprochen. Jede Artbesprechung besteht aus den folgenden Abschnitten: Beschreibung, Areal,
Verbreitung in Europa, Italien und der Region, Lebensraum, Entwicklungszyklus, Besonder-
heiten und Status. Jeder Art wird meisten eine volle Buchseite gewidmet, ergénzt durch eine
regionale Verbreitungskarte. Im Anschluss an den systematischen Teil werden in einem fikti-
ven Dialog zwischen den Autoren und dem Leser Fragen beantwortet, die ein Laie einem Le-
pidopterologen iiber Schmetterlinge und ihren Schutz stellen konnte. Priparierte Exemplare
aller Arten werden auf 16 Farbtafeln in Lebensgrifie abgebildet, was die Bestimmung der
Arten erleichtert. Das vorliegende Buch ist insgesamt gut gelungen und wird bestimmt zur
Erhaltung der Tagfalterfauna der Region um Biella einen grofien Beitrag leisten und damit das
Ziel des Vorhabens erfiillen. Dariiber hinaus bietet das Buch Informationen fiir Schmetter-
lingskundler und Naturliebhaber, die in der Region Biella Tagfalter beobachten bzw. untersu-
chen wollen.

Otakar Kudrna (May 2003)

A. WAKEHAM-DAWSON, M. SALMON & A.M. FRANQUINHO AGUIAR:

Guia del campo das Borboletas diurnas do Parque do Funchal a do Arqui-
pelago da Madeira. A field guide to the butterflies of the Funchal Ecologi-
cal Park and Madeiran Archipelago.

Camara Municipal do Funchal, Funchal (P: Madeira), 2001. 114 pp., numerous unnumbered
col. figs. throughout. ISBN not known. Price not stated. Softback 22 x 12 ¢cm.

Die Tagfalterfauna der zu Portugal gehdrenden atlantischen Insel Madeira ist ausgesprochen
artenarm; das ist nicht ungewShnlich bei Inselfaunen. Allerdings sind unter den nur 15 Tagfal-
terarten gleich drei endemische Arten (Gonepteryx maderensis, Hipparchia maderensis, Pa-
rarge xiphia) und eine oder zwei endemische Unterarten (Pieris brassicae wollastoni. Lycae-
na phlaeas phlaeoides). Die kleinrdumige bis punktuelle Verbreitung dieser Arten auf einer
kleinen Insel macht sie besonders empfindlich und daher auch ¢ _hiitzenwert, obschon direkt
gefihrdet oder auch nicht. Der Okologische Park von Funchal liegt im Gebirge in mitten der
Insel, er beherbergt die schiitzenswerten Arten und kann daher ihre langfristige Erhaltung si-
chern. Die vorliegende zweisprachige Broschiire (portugiesisch und englisch) ist das Ergebnis
eines dreijdhrigen anglo-madeiranischen Vorhabens. Die Texte, insbesondere die Artenbe-
sprechungen, sind sachlich, fachgerecht und ausfiihrlich; die Autoren kdnnen damit durchaus
zufrieden sein. Die ergnzenden Farbabbildungen der Arten (Aquarelle?) stellen die Arten so
dar, wie sie das Kunstlerauge gesehen hat; mit dieser Darstellungsform kann leider kein
Fachmann einverstanden sein. Auch die wenigen farbigen Naturfotos hitten bestimmt auf-
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merksamer ausgew#hlt werden konnten. Neben dem systematischen Teil enthélt die vorlie-
gende Broschiire allgemeine Erlduterungen iiber die Insel Madeira aus lepidopterologischer
Sicht, auBerdem gibt sie Hinweise zur Bestimmung der Tagfalterarten (samt Skizzen der Ge-
nitalien von einigen kritischen Arten). zur Biologie, Zoogeografie und Klimatologie, und ent-
hélt ein Literaturverzeichnis und ein gutes Glossar.

Otakar Kudrna (May 2003)

J. WACHER, J. WORTH & A. SPALDING:
A Cornwall butterfly atlas.

Comnwall Butterfly Conservation in conjunction with Pisces Publications, Newbury (GB)
2003; 136 pp., numerous unnumbered col. ill. and maps throughout; ISBN 1-874357-23-4.
Price £ 28.95. Hardback 25 x 19 cm. Distributor: NaturBureau, 36 Kingfisher Court, Ham-
bridge Road, Newbury, GB —RG14 5S1.

Cornwall is a large peninsula and county situated in S.W. England and renown for its mild
climatecand relatively little disturbed nature; winters are in Cornwall usually so mild, that
even insects without diapause can successfully hibernate there. Cornwall is in British terms
unusually rich in butterflies: almost unbelievable 53 of about 60 British butterfly species are
resident or come regularly as migrants to Cornwall and are dealt with in the present book. The
mild Cornish climate would probably facilitate successful establishment of some Mediterra-
nean non-calciphilous butterfly species, provided they find there their food plants and can
cope with mostly strong westerly winds. An attempt to establish in Cornwall several Mediter-
ranean butterfly species would make a fascinating experiment, although it would be very hard
to justify from a zoogeographical point of view. The comprehensive book under review is yet
another of many British regional butterfly atlases and monographs, the conservation of butter-
flies in Cornwall being one of its major aims. The book consists of the following major chap-
ters: The Cornish environment (an interesting account for anyone not familiar Cornwall). The
conservation of butterflies in Cornwall (with clearly defined tasks and priorities). Species ac-
counts (with distribution maps and photographic illustrations of all species, the latter being in
many cases surely not the best choice). Butterflies of the Isles of Scilly (politically a part of
Cornwall). Exotica (dealing briefly with rare migrants and vagrants). Where best to see butter-
flies in Cornwall (a guide to butterfly watching in Cornwall). Bibliography (references), a
gazetteer of butterfly sites and index are the closing chapters of this very useful book. This
book is highly recommended to any lepidopterist interested in British butterflies.

Otakar Kudrna (August 2003)

Der Neue Kosmos Schmetterlingsfiihrer
von H. BELLMANN (erschienen 2003, ISBN 3-440-09330-1, vom NABU empfohlen) wurde
leider nach dem Redaktionsschluss erhalten. Die Buchbesprechung kann daher frithestens

2004 im Oedippus 22 erscheinen.
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