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Maculinea butterflies in Europe, and probably most of Asia, are host specific social parasites of various species of Myrmica ants.
The latest summary of field data showing the pattern of host specificity by Maculinea is presented. Myrmica ants have been well
studied in the laboratory but much less is known about the ecology of their natural populations. While the former is important
in understanding the adaptive evolution of Maculinea larval behaviours, the latter is of more practical importance to con-
servationists charged with the protection of specific populations of Maculinea. The current knowledge of habitat partition,
colony growth and colony reproduction within communities of Myrmica ants is summarized in relation to the ecology of
Maculinea species. Concepts used in current population simulation models are explained. A key concept is the idea that
community structure (both number of species and size and abundance of nests) is controlled by the quantity and quality of
suitable nest sites. Some advice is given to conservationists who might need to manipulate Myrmica ant populations in order to

maintain a robust population of a Maculinea species.
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Introduction

For most nature conservation projects involving Maculi-
neabutterflies in Europe, the state of the local community
of Myrmica ants is the key factor in determining the size,
stability and persistence of the butterflies’ populations.
Furthermore, Myrmica ants are true keystone species in
many temperate ecosystems, affecting the natural com-
munity at many levels (Elmes, 1991a,b). For example,
many other rare lycaenid butterflies have symbioses
with Myrmica ants (e.g. Malicky, 1969; De Vries, 1991a,b;
Fiedler, 1998 this volume) and an understanding of their
biology has an importance for practical nature conserva-
tionists beyond the management of Maculinea butterfly
populations. The Myrmica genus has been well studied
by ant biologists and, excluding taxonomic descriptions,
more than 1000 scientific papers have been published on
its biology. However, few lepidopterists or conservation-
ists are familiar with this literature. Here we summarize
and interpret relevant information in relation to the
biology and conservation of Maculinea butterflies, and
present new data on niche separation in Myrmica and
host specificity among Maculinea.
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Myrmica has a Holarctic temperate distribution with
distinct European, Asian and North American faunas
while Maculinea butterflies are restricted to the Palae-
arctic. Five of the six recognized Maculinea species are
European, each of which is a parasite of a different
Myrmica species (Thomas et al., 1989). The sixth species,
Maculinea arionides M. is present in east Asia where its
larvae have been reported living in nests of Aphaeno-
gaster species (Yamaguchi, 1988), a genus closely
related to Myrmica. The distribution, precise number
and location of Maculinea species is poorly known (see
this volume). There are undoubtedly a number of
undescribed species extant in central and east Asia (see
Fiedler, 1998 this volume) and based upon the ant
fauna on sites where Asian specimens have been
observed flying, it is probable that many of these also
depend upon Myrmica ants (Woyciechowski, unpub-
lished). Although we restrict this paper to the biology
of the European Myrmica species, field observations
suggest that many of the generalizations can be applied
directly to the Asian fauna (Elmes, unpublished).

There are 12 common free-living Myrmica species in
western Europe, which could potentially act as hosts to
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Maculinea larvae. Distinguishing between these can be ants, an awareness of the ant population level pro-
difficult and identification is further confounded by the cesses is the key to the practical conservation of Maculi-
possible existence of several cryptic species or sub- nea populations. For example, the presence of a queen
species of Myrmica scabrinodis Nyl. (see Fig. 1; Elmes et (queenright) in the Myrmica sabuleti Meinert host nest
al., 1994 and unpublished observations). Aspects of can significantly reduce the survival chances of an
their biology such as morphology, individual behav- adopted predatory caterpillar of Maculinea arion L.
iour, social physiology and colony genetics have been (Thomas and Wardlaw, 1990). This tells us much about
intensively studied because Myrmica ants are very the nature of the relationship with ants but it does not
amenable to laboratory experimentation. On the other really help practical conservationists, because, using
hand, some aspects of their ecology such as colony current knowledge, it is almost impossible to manip-
fidelity, nest site persistence and community structure ulate precisely the number of queens in wild ant colon-
and stability, have been relatively poorly studied ies. In contrast, the knowledge that M. arion
because field studies of these ants can be difficult. populations can flourish only on sites supporting high
Although understanding ant behaviour and colony densities of small host colonies is of practical use
social physiology is of high socio-biological and evolu- because it is possible to manipulate colony density
tionary interest and underpins our understanding of (Thomas et al., 1998 this volume).
the interactions which occur between caterpillars and A common misunderstanding is that the relationship
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Figure 1. A schematié representation of the niche preference of common European Myrmica species based on only two parameters — soil
moisture and soil temperature (see text for details) — in locations approximately geographically central to western Europe. The positive
diagonal represents the main correlative axis between these two variables and is effectively the gradient used in the model of Hochberg et al.
(1994). The squares indicate the optimal conditions for individual nest sites, which in our models would be reflected by a maximum value of
Ropecies (see text). The ellipses indicate the limits at which nest sites would have average values for R ;..; colonies occupying nest sites within
these limits can probably defend the nest sites against congeneric competitors. Conversely, colonies occupying nest sites outside these limits
have low values of R, ., and experience strong competition from other Myrmica species for which the nest is more suitable. Beyond a
certain displacement from the optimum, the value of R, falls below 1.0 and the nest site becomes untenable even in the absence of
competition. Note that Myrmica scabrinodis is shown as three types or ‘species’, this reflects real ecological differences observed in the wild,
but to date, no morphological separation can be made of these types.
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between Maculinea and Myrmica involves co-evolution. have also occurred through misidentification of Myr-
This is not the case. Adaptive convergence has been mica species.
achieved by the butterfly in response to the ants’ Unfortunately there has been occasional confusion
behaviour, which has evolved in response to other due to the manner in which the data showing host
social and ecological factors. The mistake arises specificity was presented by Thomas et al. (1989, Figure
because field and modelling studies have shown that 1). Some readers have taken the line (a bar of zero
Maculinea populations can have major impacts upon height) indicating Myrmica species recorded as coexist-
extremely localized communities of Myrmica ants  ing with the butterfly and hence regarded as ‘potential
(Hochberg et al., 1992, 1994; Clarke et al., 1997). How- hosts’, to mean those species were recorded as actual
ever on the scale at which genetic exchange occurs hosts. Since publication of Thomas et al. (1989) we have
between ants, only a minute proportion of colonies are enlarged the data set considerably, sampling many
affected by the butterflies, and on a global scale the more Myrmica nests and for most species, sampling
impact of Maculinea upon Myrmica host ants is infinite- over a wider geographical range. We summarize the
simally small. latest information in Table 1. We found no significant
deviations from the original patterns for ‘primary
The host species of the European hosts’ except for Maculinea alcon Denis and Schiff.,
Maculinea which has been shown to use a different host in differ-
ent parts of its range (Elmes ef al., 1994). We suggested
First, we emphasize that meaningful data for host spec- that M. alcon might consist of three or more “cryptic’
ificity by Maculinea species must relate to recorded species, each with similar status to M. rebeli; this has in
adult emergences or, at least, to the presence of mature part been confirmed by recent genetical studies (Gade-
prepupal larvae and pupae in the ant nests. The iden- berg and Boomsma, 1997). We have anecdotal evidence
tity of species retrieving young caterpillars and the which suggests that M. rebeli might also include one or
presence of half-grown caterpillars in a nest in autumn more similarly cryptic species further east in its
are no guide to host specificity, nor is the ability of range.
Myrmica to rear the butterflies in captivity; see Thomas With this caveat, Table 1 shows that each species has
et al., (1989) for detailed reasoning. Many past errors a single primary host and one or more secondary hosts

Table 1. Data for host-specificity by the five Maculinea species of Europe gathered between 1974 and 1996. A record is only
counted if an adult emergence was recorded from a Myrmica nest or if excavation showed that the nest contained Maculinea
pupae or full-grown, pre-pupal larvae. Ten potential host species of Myrmica are listed. For each Maculinea species we give the
total number of Myrmica nests searched (usually a random sample of the species present but these were not always fully
excavated), the number of Maculinea sites examined and countries containing the sites (UK = United Kingdom, F = France,
E = Spain, S = Sweden, PL. = Poland, NL = The Netherlands). No entry beneath a Myrmica species indicates that the species has
not been recorded coexisting with the Maculinea species, a zero indicates co-existence but no recorded emergences. Other-
wise, the total number of nests containing at least one full-grown Maculinea is given and the total number of mature Maculinea
recorded in those nests is given in parentheses. ! = Myrmica species present but no adult emergences recorded and no random
searching made. M. alcon has been separated into three cryptic species according to Elmes et al. (1994).

Potential host Myrmica species
Nests Y P

Maculinea Countries Sites searched schencki sabuleti scabrinodis rubra  ruginodis vandeli lonae lobicornis sulcinodis aloba

arion UK ES 4 503 50 (60) 4 (4) 0

teleius  F, PL 4 242 2(Q) 34@) 336) 0 ()

nausithous F E,PL 5 250 0 0 30 (71) 0 0

rebeli FE 0 321 71299 1(6) 1(4) 0 1@ 0 0 0

alcon | NL 3 0 I @) 8(38) 0

alcon 2 EF 4 175 16 (98) 0 0 0
alcon3 S 2 ? 18 (68) ?
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from among the list of potential host ant species. In
general a trivial number of adult butterflies emerge
from secondary host nests although in some popula-
tions this could be important for long-term survival
(Thomas and Elmes, in prep.). We suggest that com-
pared to the more ‘primitive’ predatory species, the
‘advanced’ cuckoo species, M. alcon and M. rebeli which
are highly adapted to coexisting with ants, are more
strongly host-specific within a geographical region. The
feeding habits of Maculinea nausithous Bergstrasser
caterpillars are unclear. M. nausithous is probably a
predatory species: it has been observed eating ant lar-
vae in the laboratory (N. Elfferich, pers. comm. and our
own unpublished observations), but on the other hand,
all cuckoo species will eat ant larvae under certain lab-
oratory circumstances (unpublished). The relatively
low average number of M. nausithous caterpillars per
worker in nests of Myrmica rubra L., also suggests that
the caterpillars are predatory, but, the fact that it has so
far been recorded only from M. rubra (Table 1) might
indicate that it at least, also has some of the social attri-
butes of the cuckoo species.

The biology of a Myrmica community
Colony structure

The life styles of all Myrmica species are quite similar.
Most form small colonies of 200-500 workers which
can be polygynous, containing from one to many func-
tional queens (Elmes, 1973; Elmes and Petal, 1990;
Elmes and Keller, 1993). Myrmica rubra forms the
largest colonies (generally about 1000 workers)
although sometimes all the species create large colonies
in excess of 2000 workers (Wardlaw and Elmes, 1996).
Colony structure can be labile, frequently changing in
both space and time. Despite this, the colony is the
most useful unit for describing the Myrmica ant popu-
lation, both for ant studies and for the conservation of
Maculinea butterflies. We define a Myrmica colony as
being that group of ants found living together in the
same nest structure (Elmes, 1973).

Myrmica ant colonies grow logistically (Brian, 1965;
Elmes, 1973; Hochberg et al., 1994) following the
equation:

W, =R*W,/(1+6 W)

where W= number of workers in year ¢, R = rate of
natural increase and 6 = the restriction on unlimited
growth. The maximum number of workers
Wiax = (R —1)/6. In our models (e.g. Hochberg et al.,
1994; Clarke et al., 1997) we consider that 6 is a species
constant and that a colony living in an optimum nest
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site will have a maximum value of R, which may differ
between species. The effective value of R for any col-
ony is a function of nest site quality, which is a com-
bination of the physical characteristics of the site and
the resources in the surrounding foraging territory (see
below). This type of model was used by Elmes (1973)
who showed that it could lead to the highly skewed
distribution of colony sizes found in all Myrmica ants
(Wardlaw and Elmes 1996).

In monogynous or single-queened colonies, the size
of a colony is usually limited by the number of eggs the
queen can lay. This is seldom the case for polygynous
Myrmica colonies. Queen number is dynamic: queens
are frequently short-lived (Elmes, 1980; Seppa, 1994;
Evans, 1996a) and there is a considerable turnover of
queens which can lead to low levels of relatedness
within colonies (Pearson, 1983; Seppa, 1996; Evans,
1996b) and pose difficult questions for evolutionary
biologists (see Keller, 1993). However, at the functional
level of a colony, it means that worker numbers are not
restricted directly by lack of queens. In some popula-
tions queen numbers fluctuate in a regular manner,
with all nests having many queens in some years and
few in others. It was hypothesized that such cycles
occur in all colonies, but in most populations the indi-
vidual colonies are out of phase with each other so that,
generally, the average number of queens per colony in
a population, appears to be more or less constant
(Elmes, 1987; Elmes and Petal, 1990). This may affect
the size of the Maculinea population both directly
(queen effect) and indirectly through competition for
the resources of the host colony, because each addi-
tional queen imposes a real cost on the ant colony
(Elmes, 1989) and in effect, reduces the value of R,
(Elmes, 1973).

Colony foundation

The nuptial flights of virtually all Myrmica populations
occur between mid-August and mid-September regard-
less of their geographical location. The only exceptions
appear to be species living in the tundra of the far
north (Alaska), which complete their cycle some weeks
earlier (M.G. Nielsen, pers. comm.). After eclosion, the
gynes (young alate queens) must spend about six
weeks in the parent nest, during which time they build
fat reserves for hibernation. Males need only a week or
so to mature and are ready for the nuptial flight earlier
than sister gynes; consequently one often observes pre-
cocious mating swarms comprised mainly of males.
Myrmica nuptial flights are generally local affairs,
sometimes occurring within a few tens of metres from
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the source nests, although sexuals are often drawn in
from a wider radius of some hundreds of metres (i.e.
from =~ 10 ha). Flights usually occur above some
prominent physical feature — a hilltop, tree, shrub,
boulder or area of bare ground. Most gynes probably
dealate and attempt to nest close to the mating post
although some disperse considerable distances. Freshly
mated queens must overwinter before laying their first
eggs, which is why nuptial flights occur shortly before
the onset of winter. Some gynes hibernate solitarily,
others in groups and others join existing colonies. All
three strategies can be adopted by any of the species.

After hibernation new queens form incipient colon-
ies. Unlike the larger queens of Lasius and Formica spe-
cies, they do not have enough fat reserves to establish
colonies claustrally and must forage to feed their first
larvae. Consequently, solitary Myrmica queens are often
less successful than groups of queens (Elmes, 1989). In
spring and early summer many fertile queens can be
trapped on the soil surface and it is probable that given
the opportunity most will join an established con-
specific colony (Elmes, 1982; Elmes, and Petal, 1990).
On ground supporting established Myrmica communi-
ties, most colony formation is by fragmentation of
existing colonies. The strong competition for nest sites
(see below) ensures that most small colonies, including
incipient nests, are either destroyed by fragments of
neighbouring congeneric colonies or absorbed by con-
specifics. Successful colony foundation by gynes is
probably only commonplace in new isolated patches of
habitat.

The brood cycle

The six week maturation time for gynes means that
eclosion must occur by mid-July. However, the larvae
of Myrmica like other boreal myrmecines develop
slowly (Kipyatkov, 1993) and there is insufficient time
for an egg laid in spring (usually mid-April) to grow to
maturity by mid-July. Consequently, larvae destined to
be gynes (and most male larvae) are produced during
the previous summer and overwinter in the nest as
third instar larvae. A g¥ne is thus physiologically two
years old and has survived two winters before she lays
her first eggs.

Eggs laid in spring pass through the first two larval
instars and are ready for rapid growth when the over-
wintered larvae are beginning to metamorphose. Some
young larvae develop rapidly to workers (rapid brood)
and eclose a few weeks after the overwintered larvae.
Some males are produced in this way. Other female
larvae develop slowly and enter a diapause, this cohort
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includes both worker and all gyne potential larvae
(Brian and Hibble, 1964; Brian and Kelly, 1967). A cold
period is required to break the diapause. In spring, the
largest individuals develop into gynes although all can
be ‘switched” into workers at a late date under certain
social conditions. The presence of active mature queens
inhibits gyne production (‘queen-effect’ see Brian and
Hibble, 1963). Oviposition continues until late Septem-
ber, when it ceases in response to short day lengths
(Kipyatkov, 1979). At the onset of winter all larval
growth ceases, the small 3rd instar larvae overwinter,
but younger larvae and any eggs still present, perish.
These small larvae are in a false diapause and do not
need a cold period to complete development; in most
Myrmica species these individuals cannot develop into
gynes.

Different individual queens invest different propor-
tions of their eggs as rapid and diapause brood, but as
a rule of thumb roughly 50% of eggs mature into new
workers in the year they are laid and 50% the following
year, a ratio we have used in our population simulation
models (Hochberg et al., 1994, 1997; Clarke et al., 1997).
Maculinea larvae have little effect upon rapid brood
production, but either prey upon or out-compete the
cohort of overwintered larvae. The absence of over-
wintered larvae in nests of many other ants such as
Formica species may make them unsuitable hosts for
Maculinea caterpillars and we have argued that the
presence of overwintered brood early in spring was
important in the evolution of a predatory life style by
Maculinea (Thomas and Wardlaw, 1992; Elmes et al.,
unpublished).

Nest sites and territoriality

In most biotopes, there is strong intraspecific competi-
tion for nest sites and, because most Myrmica species
have overlapping niches, there is also strong interspe-
cific competition (Brian, 1952a,b). Nests can be con-
structed in rotten wood, sphagnum moss, grass
tussocks and soil (the most common place); soil nests
may be under stones or simply underground. Many
nests, particularly in moist, densely vegetated habitat,
have small raised solaria but others have no surface
evidence of their presence other than a small entrance
hole. Given the correct combination of environmental
circumstances, all Myrmica species will construct any of
these types of nests, although in any habitat a partic-
ular style will dominate.

Nest density depends mainly upon nest site avail-
ability, which is a function of habitat. In plagioclimax
habitat such as grazed grassland (a common habitat for
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M. arion and M. rebeli), nest densities may exceed 1 m™
(Elmes, 1974; Elmes and Wardlaw, 1982; Gallé, 1986)
with individual nests (each system of underground gal-
leries) being more or less permanent structures which
are occupied and fought over by a succession of sepa-
rate colonies. On the other hand, nest sites are clumped
and transient in forest clearings, usually centred on rot-
ten tree stumps, and persisting only as long as the
vegetation remains open (Brian and Brian, 1952). On
moorland and in marshes (the main habitats of M.
alcon, M. nausithous and M. teleius Bergstrasser), the sit-
uation is intermediate. Some nest sites, particularly
those on exposed tussocks of grass, persist for many
years, but others are transient, often being suitable for
occupation only for a few months. The population of
ant colonies in such habitats may be high but it is also
quite mobile (e.g. Elmes, 1978).

Colony foundation by groups or (single) gynes is
important in the initial colonization of new isolated
habitat, but in habitats containing established popula-
tions of Myrmica ants it is relatively rare. With nest sites
at a premium, and the resulting strong competition,
any new site is usually colonized rapidly by a fragment
(bud) of an existing colony, which soon becomes a sep-
arate entity from the parent colony. At the population
level, this means that once one or more Myrmica species
have colonized an area, invasion by other species is
unlikely unless the physical conditions of the habitat
are changed or unless very large areas of new habitat
are created. For example, on the scale of management
operated by many conservationists, if only 1 ha of new
habitat is created in the centre of an area containing a
mature population of Myrmica (perhaps by clearing
and burning scrub), it will be colonized rapidly by
fragments of surrounding colonies (Thomas, 1995) with
relatively little aerial invasion by gynes.

The ability of ants to maintain a territory varies
between species. Three classes of territorial behaviour
have been defined by Vepsildinen and Pisarski (1982).
Some species strongly defend a territory, others do not
defend a physical boundary but will defend a food
source once it has been located (encounter species),
while others defenfl only their nest and will generally
avoid territorial conflict (submissive species). However,
the response is plastic and depends to some extent
upon the competing species (e.g. Mabelis, 1984). For
example, Formica polyctena in Finland is highly territor-
ial and excludes Tetramorium caespitum L. which adopts
an encounter role, whereas Myrmica species are sub-
missive (Savolainen and Vepsildinen, 1988, 1989).
Nevertheless, submissive behaviour pays in these cir-
cumstances because some Myrmica colonies are permit-
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ted within the territories of the dominant Formica
(Savolainen and Vepsildinen, 1990). On the other hand,
in Dorset heathlands, T. caespitum is dominant and
highly territorial while Myrmica adopt an encounter
role and are excluded from T. caespitum territories
(Brian et al., 1965).

To generalize: Myrmica colonies are prevented from
nesting within the territories of ants of a similar size,
such as T. caespitum and Lasius niger L., but are usually
tolerated within the large territories of the much larger
aggressive Formica species. All Myrmica defend their
small nest sites but never any foraging area. As a result
it is commonplace to find colonies, even those of differ-
ent Myrmica species, nesting close to each other, some-
times even coexisting under the same stone. In the face
of competition from more dominant genera, Myrmica
adopt a submissive role but act as encounter species
defending food sources against congeners and less
dominant species. Most species are ground foragers
searching up to 2m from the nest (Elmes, 1975) but
Myrmica ruginodis Nyl. and M. rubra can forage in
shrubs up to 8m from their nest (Stradling, 1968;
McGlynn, 1994).

In our models we use a simple algorithm to deter-
mine whether a Maculinea larvae is found by a foraging
worker. The probability of a worker searching any spot
is directly proportional to the number of workers in the
colony and inversely proportional to the square of the
distance from the nest. Once a food source is found,
foraging workers can soon recruit others to exploit it
(Cammaerts-Tricot and Verhaeghe, 1974; Cammaerts,
1979; De Vroey, 1980). This is important for cuckoo spe-
cies such as M. rebeli, in which many caterpillars often
occur on the same foodplant and leave it at the same
time (Elmes et al., 1991); once one individual is found
by a foraging ant, the others are quickly found by for-
agers recruited from the same colony (unpublished).

The quality of any nest site (effective R, see above)
depends also upon the productivity of the surrounding
foraging territory. If nest site density is low, colonies
have uncontested exploitation of all food within the
area foragers search over. But if density is high, forag-
ing territories of adjacent colonies overlap and the
resources are shared, reducing the effective R for all
nest sites which leads to generally smaller colonies.
Proactive management of habitat for Maculinea should
vary according to whether many small or fewer large
colonies of the host ant are required. A management
which takes local patches of habitat through a series of
rapid successions rather than maintaining a plagio-
climax, generally leads to high densities of small ant
colonies. For example, British M. arion populations are
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more successful on habitats supporting a high density
of small colonies rather than fewer large colonies. This
might be due to the poor survival of caterpillars in col-
onies of Myrmica sabuleti which contain queens
(Thomas and Wardlaw, 1990, 1992); a higher proportion
of colonies are queenless when colony sizes are small
(Elmes, 1980).

The Myrmica ant community

Muyrmica species are similar in basic morphology and
social behaviour (see above), and specific adaptation
has been largely physiological (Elmes, 1982; Elmes and
Wardlaw, 1983). We suggest that the strong competition
that typically exists between Myrmica colonies, has led
to speciation in an attempt to maximize R in response
to particular combinations of nest site conditions.
Although other factors are undoubtedly important, the
simplest expression of this is a two dimensional gra-
dient in soil (nest site) warmth and humidity; however
these factors are often correlated which makes untan-
gling of their effects difficult. Each species is more or
less adapted to a different optimum (Fig. 1), for
example, M. ruginodis is adapted to cool-moist condi-
tions and M. schencki to warm—dry conditions at the
nest site (which to an extent includes the surrounding
foraging territory, see above). Within the framework of
Figs 1 and 2, soil moisture ranges from wet = ‘surface
soil more or less damp throughout the year’ to dry
= ‘surface soil well-drained and normally dry, moist
soil at a depth of >20 cm in an average summer’, and
temperature from cool = ‘top 5 cm of the soil averages
18°C in summer’ and warm = ‘top 5 cm soil averages
about 24°C in summer’.

When the niches of the initial foodplants of Maculi-
nea species are classified on a similar scale to that in
Fig. 1, they are invariably found to be much broader
than the niches of single Myrmica species (Fig. 2). Here,
field data for M. rebeli from the Haute Alpes, France
show that the larval food plant overlaps the range of
four potential host Myrmica; Thomas ef al., (1998 this
volume) gives similar data for Thymus and the host
ants of M. arion. !

Take, for example, an hypothetical area of land boun-
ded by the distribution of a Maculinea foodplant, and
which contained the full range of nest sites as defined
in Fig. 1. If the average insolation of this area could be
reduced instantly, by increasing shade (e.g. change of
aspect or taller vegetation) or translocation to a higher
altitude or more northerly latitude, the soil tempera-
ture axis would in effect, be extended left and all nest
sites would become too cold for their present occu-
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pants. The species at the right-hand side of the figure
would be lost and their nest sites pre-empted by a spe-
cies from the left of the figure, although due to the
interaction between soil temperature and moisture, the
survivors might generally prefer drier sites than pre-
viously. Many nest sites at the cooler end would
become untenable for any Myrmica species, with the
net result that both species diversity and overall colony
abundance would be reduced. Increasing general inso-
lation would have a similar effect but lead to a different
fauna.

How does this theoretical concept translate to a real
community of Myrmica species? First the geographical
position will determine the overall insolation and
range of soil moisture of the habitat. Superimposed
upon this, individual potential nest sites will vary
according to microtopography and microphysiography.
Thus, in terms of a colony’s ability to increase, each site
will have a species-specific value of R (Rpeies)- We pro-
pose that Ry, is maximal when a nest site coincides
with the centre of the species’ range, as defined in Fig.
1. Take, for example, M. rubra: as nest site conditions
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Figure 2. Data for niche distribution of four Myrmica species
measured at a Maculinea rebeli site in the Haute Alpes, France. The
site (area over which the foodplant Gentiana cruciata was distrib-
uted) was divided subjectively into three areas (based upon the
vegetation and soil characteristics which affect nest site suitability
for Myrmica species, see text and Fig. I). Approximately equal num-
bers of plants were present in each area except for the cool-wet
area which contained fewer gentians. The percentage of the total
gentian population which was at a suitable flowering stage and car-
ried M. rebeli eggs is illustrated by the boxes — note that no gentians
in the coolest area carried eggs (in most cases the flowers were
insufficiently developed for oviposition). Baits were set at gentians
and the percentage of baits within each sub-area, attracting the four
different Myrmica species, is illustrated.
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become cooler, the effective value of R, decreases
but R ginoais inCreases. At a certain point it will be
equally suitable (or unsuitable) for both M. rubra and
M. ruginodis and optimal for M. scabrinodis, and inter-
specific competition for the site will be strong.

If all potential nest sites within an area are identical
in terms of Ry,qe. the stable community should con-
sist of only one or two Myrmica species (see Thomas et
al., 1998 this volume for a practical example). As the
heterogeneity in Rqpecies increases, a greater potential
number of species can compete for the nest sites. How-
ever, we have shown recently that the actual spatial
arrangement (or degree of clustering of similar sites)
can have significant effects upon the distribution and
persistence of the competing species (Clarke et al., 1997,
1998 this volume). Finally, Ry, Varies in time either
in response to unique local factors or more general (cli-
matic) factors, which affect all nest sites in the same
way. This temporal variability could result in an
increase or decrease in the diversity of Myrmica species,
depending upon the starting conditions and frequency
of variation. We are in the process of modelling this for
Myrmica ant communities.

Hitherto, we have applied only a simplified version
of this concept to our current models (e.g. Hochberg et
al., 1992, 1994, 1997). We consider just the host species
and lump all other potential hosts as a super-
population called ‘other Myrmica’. A uniform nest
density of 1 nest per 11 m is maintained and each nest
site is assigned a position on a temperature/humidity
gradient (equivalent to the positive diagonal of Fig. 1)
and is given a value of R for each species accordingly.
In current models, Rg,..s does not vary in time and
obviously a nest site is untenable when the effective
Rgpecies 15 less than 1.0. Colonies die (or abandon the
site) with a probability according to their size and with
a small density independent mortality factor. Parasit-
ism by Maculinea caterpillars can be thought of as a
disease suffered by the colony, which reduces the
effective R,ocies Of primary hosts relatively more than
that of secondary hosts. Infested colonies shrink in size
and suffer higher mortalities because they are less able
to defend their nest site due to fewer workers.

The manipulation of Myrmica populations

In early programmes to conserve Maculinea, the focus
was too often directed towards the butterflies’ egg lay-
ing behaviour in relation to the conspicuous flowering
foodplant populations (Elmes and Thomas, 1992). But
most Maculinea population changes are attributable to
changes in the status of their Myrmica host ants
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(Thomas, 1980, 1995), which is not surprising when one
recalls that about 85% of the butterfly’s life is spent
underground or that >98% of its biomass is acquired
as a social parasite of Myrmica. This is not to say that
plant populations are unimportant (e.g. Elmes et al.,
1996), but low plant numbers are the key constraint on
only a minority of sites of all Maculinea species.

A common problem in the conservation of Maculinea
is that most practitioners and advisers are lepidopter-
ists or general ecologists, who have little experience of
the biology of Myrmica (Elmes and Thomas, 1992).
They frequently question whether Myrmica popula-
tions can be manipulated to aid the conservation of
Maculinea. The answer is yes, but it is not easy. In this
section, we cannot give precise instructions for man-
agement to produce particular Myrmica ant commun-
ities because this can only be done on a case by case
basis. However, see other papers in this volume for
several successful practical examples of such manage-
ment. Instead we try to highlight a few of the general
principles to be remembered and some of the major
pitfalls which should be avoided.

Broadly speaking, there are three main reasons why
a Maculinea population is small or starts to decline:

(i) Foodplants are widespread on a site but there are
insufficient host ants throughout the site (either
too few or too small colonies) to sustain the butter-
fly population. In habitat where the plant com-
munity needs to be in a very early successional
stage, as was the case for most British M. arion
populations (see Thomas et al., 1998 this volume),
it can be the hardest situation to remedy. It
requires a detailed understanding of the ants and
careful long-term management, such as mowing or
grazing, to produce an altered but stable ant com-
munity in which the host ant predominates.
Although the habitat management techniques are
usually easier in the wetland habitats occupied by
M. nausithous and M. teleius, detailed knowledge of
the ants is still required.

(ii) There are sufficient host colonies but too few over-
lap with the foodplant population to sustain the
butterfly population. Here there are two choices,
either manipulate the whole environment to
spread the ants into areas where plants are grow-
ing or spread the foodplants into the ant habitats.
The former is effectively the same as (i), but
because the host ants are not evenly distributed
throughout the site, the practical manipulation of
the management regime might be even more local-
ized and delicate. The latter particularly concerns
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M. arion, M. rebeli and M. alcon sites that contain
areas which either lost both plants and ants in the
past, or never contained either, but now happens
to support a large population of host ants due to
recent management changes (e.g. scrub and wood-
land clearance). In some parts of the Maculinea
species’ ranges, it may take decades or even cen-
turies in the case of Thymus, before the foodplants
recolonize these areas naturally. In these circum-
stances the translocation of plants has proved
effective (Thomas, 1995). The decision as to which
is done depends upon a range of both ecological
considerations and wider conservation issues.
Altering the plant distribution probably has less
impact upon other rare plant and animal popula-
tions present on the site, but could result in a
larger but less stable Maculinea population (Hoch-
berg et al., 1994). On the other hand, altering the
management to manipulate the Myrmica ant com-
munity produces a modified biotope which might
or might not be desired for the conservation of
other fauna and flora (Elmes and Thomas, 1995).

(iii) There are sufficient host ant colonies overlapping
with foodplants to sustain (theoretically) a butter-
fly population, but the food plant is so abundant
that too many young caterpillars are, by chance,
either recruited into secondary host ant nests or
are never found by ants. This is quite a common
situation for both M. nausithous and M. teleius
where the ant populations are concentrated
towards the edges of hay meadows whereas the
centres of fields which may contain low densities
of Myrmica often support the highest densities of
Sanguisorba. This situation is perhaps the easiest to
remedy because there is no need to manipulate the
ant population. Oviposition can be forced into the
desired areas by selective cutting of the flowering
stems of foodplants before the butterflies emerge
and oviposit.

In order to decide which of these situations applies, it is
essential that Maculinea conservationists must become
reasonably competent Myrmica taxonomists. The paper
by Wardlaw et al., (1998 this volume) in conjunction
with the specialist keys cited therein should assist the
beginner. If it is decided to manipulate the ant com-
munity, the next essential is to understand some key
elements of Myrmica ecology (see above). First, it is
important to remember that Myrmica colonies are
highly dynamic (see above) and that changes can occur
on a timescale that is an order of magnitude faster than
the fluctuations observed in the foodplant populations
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(e.g. Thomas, 1995). Under most conditions, flowering
Thymus, Origanum and Gentiana cruciata populations
have particularly slow dynamics as well as broader
niches, in comparison to Myrmica, and although flower
production by G. pneumonanthe and Sanguisorba track
environmental changes more quickly, the overall popu-
lations of these plants seldom change at the rate exhib-
ited by ants. Also it should be remembered that habitat
changes that appear trivial to human eyes, can force
major changes in Myrmica populations, due to their
narrow and differing niches compared to most flower-
ing plants.

Two other important factors affect the type and fre-
quency of management required — the successional
stage of the habitat occupied by the particular Maculi-
nea ‘community-module’ and its position in the overall
geographical range of the community. In general most
Maculinea populations live in habitat in early to mid-
seral stages and are susceptible to successional changes
following perturbation or changed management. Such
changes tend to occur more rapidly in wetter habitats
and consequently over their whole range, M. alcon, M.
nausithous and M. teleius are more susceptible to succes-
sional change than M. arion and M. rebeli. Even among
these three there are differences. For example, if the
mowing regime on wetland areas being managed for
M. teleius and M. nausithous is not carried out for a few
years, the M. scabrinodis colonies which live under San-
guisorba plants growing in the shorter open vegetation
are more likely to be lost than those of M. rubra, which
inhabit a broader, less transient niche among the taller,
more overgrown marginal vegetation and support M.
nausithous.

The niches of all Myrmica and to a lesser extent all
(flowering) foodplants become much narrower towards
the edge of each Maculinea species’ range, and in most
circumstances, we consider that the niche availability
of the host ant restricts the Maculinea community
dynamics more severely than niche requirements of the
foodplants. For example, at the centre of its range in
Europe, M. arion is associated with long grass in low-
lands and montane meadows in highlands where its
host, M. sabuleti, flourishes; habitat succession in both
of these circumstances is rather slow. However, at the
northern edge of M. arion’s range, M. sabuleti popula-
tions occupy potentially unstable biotopes maintained
as very short-turf plagioclimaxes (see Thomas et al.,
1998 this volume), and consequently populations of M.
arion respond more quickly to environmental change
than is the case with core populations.

So, with the important exception of sites that are near
the species’ edge-of-range (where populations can
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decline in two seasons from more than a thousand
butterflies to local extinction), when faced with pre-
serving a declining Maculinea population, conserva-
tionists must remember that inappropriate
management may be worse than no management.
Before any manipulation is considered, an assessment
should be made of the distribution of Myrmica ant col-
onies in relation to the foodplants where eggs are laid.
Empirical evidence supports our model predictions for
minimum and optimal ant densities under foodplants:
in the cases of M. rebeli and M. alcon, a minimum of
10% and optimum of 30-40% of flowering foodplants
within foraging range of the host Myrmica species is
indicated. For M. nausithous, using a host ant species
that has atypically large colonies, the minimum is 15%
and optimum 100% . But in the cases of M. arion and M.
teleius, a minimum of 50% and optimum of 100% food-
plant must be in foraging range of the host ants. If the
coincidence falls below the mid range of 25% for M.
rebeli and M. alcon, 50% for M. nausithous and 75% for
M. arion and M. teleius, then judicious manipulation of
the host ant population should increase the numbers
and persistence of the butterfly populations.
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