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Abstract. Life history traits of the Idas Blue (Plebejus idas (Linnaeus, 1761)) were studied at two sites in 
the northern Upper Rhine valley in Baden-Württemberg (Germany). The species is monophagous on Broom 
(Cytisus scoparius (L.) Link) at these localities, as has been the case at numerous surrounding sites of former 
occurrence. Five species of formicine ants – Formica pratensis Retzius, 1783, F. rufibarbis Fabricius, 1793, 
F. cunicularia Latreille, 1798, Lasius niger (Linnaeus, 1758) and L. psammophilus Seifert, 1992 – have been 
found attending caterpillars and one pupa. Oviposition, including size of plants used and height above ground, 
was also studied. Based on the variety of ant partners and the apparent absence of ant-dependent oviposition, 
we conclude that the studied population exhibits the traits of facultative myrmecophily. In contrast, other 
Central European populations of P. idas hitherto studied are obligatorily myrmecophilous, usually showing 
associations with ants of the Formica cinerea-group. Thus, a fundamental intraspecific difference concerning 
the degree of myrmecophily has been demonstrated for the first time in a lycaenid species. Patterns of geo-
graphic variation of life histories in P. idas are discussed, though available information is scanty. The findings 
on caterpillar-ant associations in the Upper Rhine valley are highly relevant for conservation issues of the 
local population of P. idas, which is close to extinction. Shifts in the ant fauna and structure of broom patches 
are supposedly not very important factors in the species’ regional decline. Nevertheless, protection measures 
for dry heathland such as soil disturbance may benefit ant density and thus P. idas on a local scale.

Introduction
Caterpillars (and sometimes pupae) of numerous butterfly species of the family Lycaenidae engage 

in close interactions with ants (Hymenoptera, Formicidae), a phenomenon termed myrmecophily (Fig. 
1). This subject has been extensively reviewed by Fiedler (1991, 2006, 2021), Pierce et al. (2002) and 
Pierce and Dankowicz (2022a). Fiedler (1991) distinguished between facultative and obligatory rela-
tions between caterpillars and ants. In the latter case, larvae are dependent on the presence of workers 
of a certain ant species (or of few closely related species) while feeding on their host plant. Other traits 
are the assurance of the ants′ presence by females when laying eggs (ant-dependent oviposition) and 
often a wider range of suitable larval host plants, as the importance of the particular ant partners takes 
precedence over that of diet (Pierce and Elgar 1985; Fiedler 1991; Pierce et al. 2002). In both obligato-
ry and facultative myrmecophily, ants can access nutriments by means of specialized glands developed 
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by the caterpillars (e.g. Pierce et al. 1987; Fiedler and Saam 1995), but it has increasingly been ques-
tioned in many cases whether an actual net benefit for ants exists (Pierce and Dankowicz 2022a, b). 
Caterpillars, in turn, are gaining at least partial protection from predators and parasites when tended 
by ants (e.g. Pierce and Easteal 1986; Hill et al. 2022). A particular case of obligatory associations are 
the parasitic species of the genus Phengaris Doherty living inside Myrmica Latreille ant colonies, as 
there is no symbiotic relationship developed in this case (e.g. Fiedler 1998; Hölldobler and Kwapich 
2022). Apart from that, there are relatively few species of lycaenids in the Palearctic fauna that exhibit 
obligatory trophobiotic ant-associations. This trait is more common in tropical zoogeographic regions, 
particularly in the Australis (Eastwood and Fraser 1999; Eastwood et al. 2008). Among European 
non-parasitic lycaenids, only Plebejus argus (Linnaeus, 1758) and Plebejus idas (Linnaeus, 1761) 
show relationships with ants to be classified as obligatory myrmecophily (Fiedler 2021).

The Idas Blue (P. idas, Figs 5, 13, 14, 19), as presently delimited by most authors (e.g. Tshi-
kolovets 2011), has a vast holarctic distribution with largely contiguous ranges in the Nearctic and 
the eastern Palearctic. In Europe, its distribution becomes increasingly patchy towards the West, 
with many isolated populations in the Iberian and Apennine Peninsulas (e.g. Lafranchis 2004). 
Nevertheless, P. idas can thrive in a wide variety of climatic conditions as populations range from 
southern Italy to the North Cape, occurring from planar to montane habitats (up to over 2000 m in 
the Alps). Accordingly, about 50 species of host plants from four families (Fabaceae, Elaeagnace-
ae, Cistaceae, Ericaceae) have been reported (Clarke 2022), with distinct regional variation (e.g. 
Henriksen and Kreutzer 1982; Weidemann 1995; Ulrich 2004; Bolz and Bräu 2013). Evolution-
arily divergent populations with different habitat requirements should therefore be recognized and 
emphasized in the development of conservation programmes (see Thomas et al. 1999 for P. argus).

Figure 1. L4 larva of Plebejus idas in association with three workers of Formica pratensis at Mörscher Hardt, 
Baden-Württemberg, Germany, 14.vii.2022. – Photograph by P. Schullerer.
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Plebejus idas shows a scattered distribution in Germany (Trusch et al. 2024) and is regarded 
as an endangered species (Reinhardt and Bolz 2012). Nonetheless, its conservation status varies 
widely among regions. Populations appear to be largely stable in northeastern Germany (Branden-
burg: Gelbrecht et al. 2016) and, at least in anthropogenous habitats, in southern Bavaria (Bolz 
and Bräu 2013), even locally expanding in northern Switzerland (Jutzeler, in litt.). Conversely, 
declines have been precipitous in the North of the country (Schleswig-Holstein except North Fri-
sian Islands: Kolligs 2021) and in the Southwest. In particular, the population in the northern 
Upper Rhine valley (in the state of Baden-Württemberg) is close to extinction, as a monitoring 
scheme by the species protection programme has demonstrated. Its life history differs from other 
populations in Germany in that Broom (Cytisus scoparius (L.) Link), a shrubby legume, serves as 
the only larval host plant of both generations. In Bavaria, a wide variety of herbaceous Fabaceae 
is used at most localities (Bolz and Bräu 2013). Information about host plants in northern/north-
eastern Germany is scanty, however, Common Heather (Calluna vulgaris (L.) Hull, Ericaceae) has 
been reported for Schleswig-Holstein (Kolligs, in litt.) and Brandenburg (Miethke 2011), locally 
in combination with C. scoparius (Gelbrecht et al. 2016).

Concerning myrmecophily, evidence for obligatory ant associations sensu Fiedler (1991) has been 
presented for populations of P. idas in Switzerland (Jutzeler 1989, 1990). Almost all of the substantial 
literature for Bavaria and the Suisse lowlands indicates three closely related species of the Formica 
cinerea-group as the only ant partners (Schweizerischer Bund für Naturschutz 1987; Jutzeler 1989, 
1990; Bolz 1998; Pfeuffer 2003, 2005). Pupation occurs in close proximity to the nest entrances of 
those ants (Malicky 1961; Pfeuffer 1998) and even within the nest galleries (Thomann 1901), as in 
P. argus (e.g. Pontin 1990; Güsten et al. 2019). There is also evidence for peaceful coexistence of 
adults with their ant partners (Pfeuffer 1998). Information provided by Kolligs (in litt.) for northern 
Germany likewise hints at Formica (Serviformica) cinerea Mayr, 1853 as an ant species associated 
with P. idas caterpillars on common heather. In contrast, there are records of species both of the 
genera Formica Linnaeus and Lasius Fabricius (the latter documented by one photograph) as ant 
symbionts on C. scoparius in the Upper Rhine valley of Baden-Württemberg (Ebert and Rennwald 
1991). This observation questions obligatory myrmecophily of P. idas in the region, which led us to 
attempt a detailed investigation of the life history of this highly endangered population.

Methods
Field studies were undertaken at two locations in Baden-Württemberg presently still harbouring 

remnant populations of Plebejus idas. The southern study site was located in the nature reserve 
Stollhofener Platte, Rheinmünster (48°45'40"N, 08°04'20"E, Fig. 2), while the northern study site 
constitutes a decommissioned army firing range in the Mörscher Hardt (forest) at Rheinstetten 
(48°56'15"N, 08°21'10"E, Fig. 3). The distance between the two sites is about 30 km. At a third 
locality (Malsch, disused gravel pit at parcel Luderbusch: 48°54'45"N, 08°19'50"E), about 3 km 
from the northern site, occurrence of P. idas had last been reported in 2019, but the species could 
not be found again during the course of the study. The species protection programme of the state of 
Baden-Württemberg has been monitoring P. idas at these sites since the 1990s, as well as at about 
20 other sites still populated back then.

We observed oviposition in the second generation on 10.viii.2021 at Mörscher Hardt and 
on 21.viii.2021 at Stollhofener Platte. Both sites were visited on 14.vi.2023 in order to record 
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oviposition of the first generation. A search for caterpillars was undertaken on 09.v.2022 and 
21.vii.2022 (Stollhofener Platte) and on 16.v.2022 and 14.vii.2022 (Mörscher Hardt), thus cov-
ering both generations at both sites. An additional search was carried out on 12.vii.2023 at both 
sites. For every caterpillar located, it was attempted to procure a sample (three specimens if 
possible) of the accompanying ants.

In order to elucidate whether broom shrubs of a certain size are preferred for larval develop-
ment, or certain areas on the plants, the height above ground was recorded for the discovered larvae 
as well as for the eggs laid. Also, the total height of the respective host plants was documented. 
Eggs or eggshells discerned on broom during field work were noted, but a diligent search was not 
undertaken. Eggs are much more easily found on small plants than on large ones, thus including 
those data in the comparison would lead to skewed results.

To get an idea of potentially available ant partners, a non-quantitative and non-exhaustive sur-
vey of the ant fauna on broom, as well as in and around the broom patches at both sites was un-
dertaken by seeking foraging workers and nests. Arboricolous and exclusively soil-dwelling ant 
species were thus not sampled, as they are extremely unlikely to act as symbionts of lycaenids.

Results
Caterpillar-ant associations

A total of 16 caterpillars of Plebejus idas were located on broom shrubs after intense searching 
in May (first generation) and July (second generation). Eight specimens each were found at the 
two study sites, with nine pertaining to the first and seven to the second generation (Table 1). All 
larvae were green with a darker greenish dorsal stripe and some dorsal and lateral white, but no 
black markings (Figs 1, 6–10, 15, 20). Most were in their last (fourth, see Powell 1917; Lafranchis 
et al. 2015) instar. About six caterpillars could be assigned to earlier instars (Table 2). Only two 
of those were distinctly smaller than the others and most probably still before moult to the third 
instar (Fig. 6). For one of the smaller larvae no sample of accompanying ants could be obtained. 
One Lasius sp. worker attending the larva escaped upon slight disturbance. This contrasted to the 

Figures 2, 3. Habitat of Plebejus idas in the northern Upper Rhine Valley, Baden-Württemberg, Germany: 
2. Stollhofener Platte nature reserve, 9.v.2022; 2. Mörscher Hardt, 10.viii.2021. – Photographs by R. Güsten.
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behaviour of all ants associated with larger larvae, which needed much stronger intervention to 
abandon their symbiotic partners. Also, at least two (and up to six) ant workers were initially seen 
with all larvae except the mentioned smallest one.

At Mörscher Hardt, all accompanying ants represented the species Formica (s. str.) praten-
sis Retzius, 1783 (Figs 1, 15, 18), apart from one worker of Formica (Serviformica) cunicular-
ia Latreille, 1798 sitting on a caterpillar otherwise associated with several F. pratensis work-
ers. At Stollhofener Platte, ant partners recorded were Lasius (s. str.) psammophilus Seifert, 
1992 (likely 7 caterpillars, Figs 7, 10) and Formica (Serviformica) rufibarbis Fabricius, 1793 
(1 caterpillar, Fig. 9). However, a pupa was also found on a narrow but fairly tall broom shrub 
(Fig. 4, Table 1) at this site, accompanied by workers of F. pratensis (Fig. 8). Given that the 
pupa was attached at a height of 85 cm, the larva had certainly not made any effort to descend 
to the base of the plant or to the leaf litter for pupation. The pupa was collected in order to 
ascertain determination, and a male of P. idas eclosed 13 days later.

Two larvae at Mörscher Hardt, and three larvae at Stollhofener Platte were found concurrently 
on the same broom shrub. In the latter case, the rather small plant was largely defoliated, and the 
caterpillars appeared to feed on some remaining flowers (Fig. 7).

Only one larva of the second generation at Mörscher Hardt was found in 2023, while all other 
records originated from 2022 (Table 2). Overall population density was extremely low in 2023, and 
just one or two females of the first generation were seen at each locality.

While P. idas wasn’t found at Malsch during our field study, it was possible to determine Lasius (s. 
str.) niger (Linnaeus, 1758) as the ant species accompanying two caterpillars at this site by means of 
earlier high-quality photographs (Fig. 20) taken on a joint field trip by Matthias Sanetra and Arik Siegel.

Ant fauna at study sites
In addition to the three species accompanying the early stages of P. idas at Stollhofener Platte 

(L. psammophilus, F. rufibarbis, F. pratensis), two other ant species of the subfamily Formicinae 
were commonly recorded at the site: Formica (Raptiformica) sanguinea Latreille, 1798 and Cam-
ponotus ligniperda (Latreille, 1802). The latter regularly attended groups of the treehopper Garga-
ra genistae (Fabricius, 1775) (Hemiptera, Membracidae), and sometimes other Auchenorrhyncha, 
on broom, much as the other above-mentioned formicines did (Fig. 15). In contrast, F. sanguinea 
was not seen visiting honeydew-producing insects on broom, even though trophobiosis has been 
recorded in this species (Seifert 2018). Some species of the subfamily Myrmicinae were also pres-
ent at the site (e.g. Myrmica schencki Viereck, 1903), but only Tetramorium caespitum (Linnaeus, 
1758) showed some association with broom as it often built nests at the base of small plants. The 
species, however, was not seen foraging higher up in the bushes than around 10 cm above ground.

Table 1. Caterpillar-ant-associations recorded for Plebejus idas in 2022 and 2023. Gen. = Generation.

Locality Formica 
pratensis

Formica 
rufibarbis

Formica 
cunicularia

Lasius 
psammophilus

∑

Stollhofener Platte 1. Gen. 1 6 9
2. Gen. 1 (pupa) 1

Mörscher Hardt 1. Gen. 2 8
2. Gen. 6 [1]†

∑ 9 1 7 17
†single worker of F. cunicularia together with several F. pratensis, not counted towards totals
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Figures 4–12. Plebejus idas at Stollhofener Platte, Baden-Württemberg, Germany. 4. Tall broom shrub with 
pupa (Fig. 8) at height of 85 cm (arrow), 21.vii.2022; 5. Male nectaring on common heather, 21.viii.2021; 
6. L2 larva, initially seen with worker of Lasius cf. psammophilus, 9.v.2022; 7. Two L4 larvae on broom flower, 
attended by L. psammophilus, 9.v.2022; 8. Pupa attended by Formica pratensis, 21.vii.2022; 9. L4 larva with 
F. rufibarbis, 9.v.2022; 10. L4 larva with L. psammophilus, 9.v.2022; 11. Small broom on sandy path (Fig. 12) 
with egg-laying female (arrow) near its base, 21.viii.2021; 12. Cleared patch adjacent to sandy path harbour-
ing eggs and larvae, 9.v.2022. – Photographs by R. Güsten and M. Sanetra (5, 11).
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At Mörscher Hardt, the two ant species attending P. idas caterpillars (F. pratensis, F. cunicularia) 
were the most common formicines in and around the broom patches. Formica rufibarbis also oc-
curred but was clearly less prevalent than its close relative F. cunicularia. One worker of Formica 
(Serviformica) fusca Linnaeus, 1758 was collected, a species usually inhabiting woodland. Colonies 
of Lasius spp. were rather local, and all those checked pertained to L. niger, while L. psammophilus 
was not recorded. From other subfamilies, T. caespitum, M. schencki and Myrmica sabuleti Meinert, 
1861 (Myrmicinae) were present, as was Tapinoma erraticum (Latreille, 1798) (Dolichoderinae).

Habitat of early stages
No preference could be detected for caterpillars with regard to particularly high or low feeding 

or resting places on their host plants (Table 2). The measurements for height above ground varied 
between 35 and 165 cm (mean = 55.31, SD = 25.46, n = 16). Also, we could not find any relation 
for the preference of small (Fig. 11) versus tall plants (Figs 4, 17) as microhabitat of the caterpillars 
(mean = 93.08, SD = 41.26, n = 13). Furthermore, it appeared that the distribution of caterpillars on 
broom shrubs had no obvious pattern whether it was first- or second-generation offspring.

Observations of egg-laying females of P. idas could be achieved in the field for the second 
generation in August 2021 at both study sites. In total, 23 oviposition events involving 12 
females were recorded. In 2023, population density of the first generation was far too small to 
get any results on oviposition. All eggs were laid on broom. This corresponds with all reports 
by other observers in the Upper Rhine valley over many years (particularly E. Rennwald, 
pers. comm.), even though other plant species known as host plants of P. idas do occur. At the 
two study sites, these are mainly common heather at Stollhofener Platte (Fig. 5) and Bird’s-
foot Trefoil (Lotus corniculatus L.) at Mörscher Hardt.

Table 2. Details of individual observations of caterpillars of Plebejus idas. Height L = Height of larvae or 
pupae on host plant in cm when detected; Height P = Total plant height in cm. Height P not given if larva on 
same plant as previously listed larva.

Locality Date Stage Height L Height P Ant species
Stollhofener Platte 
(nature reserve)

9.v.2022 L4 20 35 Lasius psammophilus
9.v.2022 L4 35 55 Formica rufibarbis
9.v.2022 L2 15 45 Lasius cf. psammophilus
9.v.2022 L4 30 55 Lasius psammophilus
9.v.2022 L4 30 Lasius psammophilus
9.v.2022 L3 50 Lasius psammophilus
9.v.2022 L4 25 40 Lasius psammophilus

21.vii.2022 Pupa 85 150 Formica pratensis
21.vii.2022 L4 55 90 Lasius psammophilus

Mörscher Hardt 
(former firing range)

16.v.2022 L2 75 140 Formica pratensis
16.v.2022 L4 60 100 Formica pratensis

14.vii.2022 L4 90 165 Formica pratensis†

14.vii.2022 L4 85 120 Formica pratensis
14.vii.2022 L4 85 Formica pratensis
14.vii.2022 L3 85 130 Formica pratensis
14.vii.2022 L3 70 120 Formica pratensis
12.vii.2023 L3 75 115 Formica pratensis

†additionally one worker of F. cunicularia
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Eggs were placed singly on sparsely distributed shrubs or at the margin of closed patches 
of broom rather than inside those patches. Nevertheless, sometimes a female would lay more 
than one egg (2-3) on the same plant. Woody branches close to side shoots (Fig. 16) or the 
axils of the shoots themselves were mostly used as oviposition sites. Oviposition on termi-
nal, unlignified shoots was rarely observed. It appeared that in certain locations with much 
open sandy soil, depositing the eggs on smaller broom specimens was preferred, but ovipo-
sition in tall bushes at larger height also occurred. Overall, the height above ground for the 
recorded oviposition sites was quite variable, ranging from 10 to 140 cm (mean = 62.17, SD 
= 35.28, n = 23). We did not observe behavioural traits suggesting ant-dependent oviposition 
and in general, oviposition occurred rather quickly. Only on one occasion might a female have 
been aroused (bending the abdomen and showing oviposition behaviour) by the presence of 
F. pratensis ants walking about on a branch in proximity.

Figures 13–18. Plebejus idas at Mörscher Hardt, Baden-Württemberg, Germany. 13. Female, 10.viii.2021; 
14. Male, 10.viii.2021; 15. L4 larva attended by Formica pratensis together with an adult treehopper (Gargara 
genistae, arrow), 14.vii.2022; 16. Egg (arrow) on lignified broom sprout at height of 80 cm, 10.viii.2021; 17. Large 
F. pratensis nest (arrow) in front of broom shrubs harbouring larvae, 16.v.2022; 18. L3 larva attended by F. pratensis 
on the underside of a leaf with its feeding mark, 12.vii.2023. – Photographs by R. Güsten and P. Schullerer (15).
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Discussion
Myrmecophily in the studied population

Plebejus idas has until now been classified as an obligatorily myrmecophilous lycaenid (Jutzeler 
1989, 1990; Fiedler 2006; Bolz and Bräu 2013). The main traits of this type of interaction are de-
pendence on one (or few closely related) species of ants, and ant-dependent oviposition. Ant at-
tendance of pupae, often within ant nests, and peaceful interactions with adult butterflies have also 
been observed in P. idas (Thomann 1901; Malicky 1961; Pfeuffer 1998). In contrast to other stud-
ies, we found an array of attendant ant species in the investigated population of P. idas, although 
the five species demonstrated here belong to the same subfamily Formicinae. However, species of 
the genera Formica and Lasius are phylogenetically quite distant within the subfamily (typically 
classified in tribes Formicini and Lasiini, respectively, e.g. Ward et al. 2016). Also, while the sub-
genera Formica s. str. (socially parasitic) and Serviformica Forel (independent colony foundation) 
are traditionally classified within a very widely defined genus Formica, these taxa have diverged 
early in their phylogenetic history (e.g. Romiguier et al. 2018). Thus, P. idas in the northern Upper 
Rhine valley is clearly not in line with the situation found in well-known obligatory myrmeco-
philes, including other populations of P. idas. If more caterpillars could be observed at the two 
sites, it is quite possible that additional associated ant species would be found (particularly Cam-
ponotus ligniperda), maybe also non-formicine ones (e.g. Tetramorium caespitum). Essentially, the 
ant partners recorded at the two sites reflect the dominance patterns within the respective biotopes, 
as is typical for facultative myrmecophiles (Fiedler 2021).

The observations in this study also do not point towards ant-dependent oviposition, as eggs were 
deposited quite quickly without careful inspection of the substrate by the females and typically 
without ants being present, contrary to reports for obligatorily myrmecophilous populations of 
P. idas (Jutzeler 1989; Pfeuffer 1998). One would assume that assuring the presence of particular 
ants by the females is time-consuming and would include numerous unsuccessful attempts (as also 
observed in Plebejus argus, see Güsten et al. 2019). Monophagy of the investigated population (on 
Cytisus scoparius) is likewise untypical in obligatory myrmecophily (see Fiedler 1991).

It can therefore be concluded that the population of P. idas in the Upper Rhine valley is facul-
tatively myrmecophilous, in contrast to all other populations of the species investigated thus far. 
As such profound intraspecific variation in relation to this important life history trait is an unusual 
finding, alternative explanations for the observed deviation need to be discussed:

(a) The classification of P. idas populations earlier investigated as obligatorily myrmecophilous 
has been erroneous.

(b) The situation presently observed in the Upper Rhine Valley is artificial, brought about by the 
local disappearance of obligatory ant partners.

(c) The populations in question are not truly conspecific.

Explanation (a). A large range of observations indicate confidently that only three closely re-
lated Formica (Serviformica) species of the Formica cinerea-group are suitable as ant symbionts 
of P. idas in Bavaria and at lower elevations in Switzerland (Jutzeler 1989, 1990; Bolz and Bräu 
2013). In discordance to that, only Bolz and Bräu (2013) assert Formica rufibarbis and F. fusca 
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(both from other species groups within the subgenus Serviformica) as associated with P. idas larvae 
in few cases. In Switzerland, quite convincing evidence for ant-dependent oviposition has been 
provided (Jutzeler 1989, 1990), although methods to conclusively prove this trait in Lycaenidae 
have yet to be developed (for an approach under laboratory conditions see Trager et al. 2013). The 
cited works also indicate a large range of host plants from three families (Fabaceae, Elaeagnaceae 
and Cistaceae) as is typical for obligatory myrmecophiles (Fiedler 1991).

Explanation (b). There is no known example of obligatorily myrmecophilous lycaenids being 
able to adapt to different ant species if their original hosts disappear. Their caterpillars are often 
attractive to other ants when reared in captivity (e.g. Bink 1992; Jutzeler et al. 2003), yet stable 
associations with deviating ant partners are extremely rare under natural conditions. The most 
manifest cases were documented for the Australian lycaenid Jalmenus evagoras (Donovan, 1805), 
when population outbreaks apparently led to a relative shortage of host plants harbouring their 
usual ant partners of the genus Iridomyrmex Mayr (Pierce and Nash 1999; Eastwood and Fraser 
1999). Earlier descriptions and photographic records of current and former habitats of P. idas in 
the northern Upper Rhine Valley (e.g. Ebert and Rennwald 1991) do not indicate a fundamental 
change in vegetation cover. It seems unlikely that the herb layer in these biotopes was formerly so 
sparse that species of the F. cinerea-group abounded there. If the assignment of northern French 
populations of P. idas to the same ecotype is valid (see below), explanation (b) is automatically 
disproved, as northern France, except very locally in the east, is not within the range of any species 
of the F. cinerea-group (Blatrix et al. 2013; Galkowski 2024).

Explanation (c). There is by far not enough information on life history traits of the many re-
gional variants of P. idas to presently consider a split of the species on this basis. As for Phengaris 
alcon (Denis & Schiffermüller, 1775) (Lycaenidae, e.g. Lucek et al. 2024), DNA-analyses might be 
used in the future to elucidate phylogenetic relationships among P. idas populations. To consider a 

Figures 19, 20. Plebejus idas at Malsch, Baden-Württemberg, Germany (last record there 29.vii.2019). 
19. Copula, 8.viii.2013; 20. L4 larva with a worker of Lasius niger taking in fluid from the caterpillar′s dorsal 
nectar organ, 13.vii.2015. – Photographs by T. Bamann (19) and A. Siegel (20).
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taxonomic split, it would have to be demonstrated that different life histories correspond to mono-
phyletic entities. However, a shift in the nature of ant-lycaenid-interactions could well have oc-
curred multiple times within the species, representing a geographic mosaic of coevolution (Thomp-
son 2005). In parasitic Phengaris butterflies, local adaptations to host ant species can be interpreted 
in this way (Tartally et al. 2019). The geographic mosaic theory of coevolution comprises the idea 
that a species may adapt differently in separate regions regarding its interactions with other species 
(for further examples involving Lepidoptera see Singer and McBride 2012; Thompson et al. 2013).

Ecotypes of P. idas within Europe
We propose to define ecotypes of P. idas according to type of myrmecophily, host-plant usage 

and habitat structure. For the population of the northern Upper Rhine Valley we designate a broom 
ecotype (see also Weidemann 1995), which displays facultative myrmecophily and uses shrubby 
legumes as larval host plants. Supposedly, P. idas exhibits largely the same life history across the 
adjacent northern half of France. In Brittany, oviposition takes place on Gorse (Ulex minor Roth, 
U. europaeus L.) (Powell 1917; Maillard 2014, 2017), shrubs closely related to Broom (Cytisus 
scoparius). In the vicinity of host plants, large ant mounds (probably F. pratensis) but also small 
brown ants (probably Lasius sp.) were reported by Powell (1917). There is also a record of cater-
pillars on C. scoparius growing in a nest of F. pratensis (Maillard 2014), and one male was seen 
emerging from a F. pratensis nest (Perrein 2012). Similar life habits appear likely for Normandy 
(Bink 1992) and Lorraine (eggs on C. scoparius: Strätling 2009). All larvae described from Britta-
ny were green as in Baden-Württemberg, though markings seemed to be more sombre.

The river gravel ecotype is obligatorily associated with ants of the F. cinerea-group (e.g. Jutzeler 
1989, 1990; Bolz and Bräu 2013). It uses both numerous species of herbaceous Fabaceae and Sea 
Buckthorn (Hippophae rhamnoides L., Elaeagnaceae) as host plants, sometimes even simultane-
ously in the same population (Thomann 1901; Jutzeler 1989; Bolz and Bräu 2013). It corresponds 
to the sea-buckthorn-type of Weidemann (1995). In accordance with the rather specialized ecologi-
cal requirements of its ant associates, this ecotype lives in alpine riverbeds (e.g. Pfeuffer 2003) and 
anthropogenic secondary habitats with very little vegetation, such as industrial areas and gravel pits 
(Schwibinger and Bräu 2001). It can occur in other environments very poor in vegetation (coastal 
dunes: Gourvil and Sannier 2022). Its caterpillars are very variable, even within populations, from 
green (dorsal stripe usually blackish) to mostly brownish or reddish, with intermediates.

There probably exists an alpine ecotype of P. idas at high elevations in the Swiss Alps, inves-
tigated by Jutzeler (1989). These populations appear to be monophagous on Helianthemum spp. 
(Cistaceae) and may obligatorily depend on ants of the subgenus Formica (Coptoformica) Müller. 
However, weak interactions of caterpillars with species of Formica s. str. and Formica (Servifor-
mica) were also observed in a few instances.

Since further studies on caterpillar-ant relationships in P. idas are lacking, we cannot delineate ad-
ditional ecotypes in Europe. Populations of P. idas occurring in heathland, where feeding on common 
heather is reported, are known from different regions across Germany (Reinhardt et al. 2007; Bolz 
and Bräu 2013; Gelbrecht et al. 2016; Kolligs 2021), termed Calluna-type by Weidemann (1995). 
However, it seems doubtful to characterize ecotypes in this species on host plant usage alone, consid-
ering the fundamental importance of different types of myrmecophily. There is also a lot of regional 
variation as regards larval host plants. In Scandinavia, for instance, herbaceous Fabaceae are de-
scribed as the dominant host plants, but broom and common heather are also mentioned (Henriksen 
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and Kreutzer 1982; Bink 1992). One or few species of shrubby legumes serve as host plants of P. idas 
and its close relative Plebejus bellieri (Oberthür, 1910) in different parts of southern Europe (Jutzeler 
et al. 2003; Jutzeler and Leigheb 2004; Kolev 2005; Muñoz Sariot 2011), hence there could be a link 
to the broom ecotype. Nonetheless, there is no reliable information on the nature of myrmecophily in 
these regions, thus ecological networks have yet to be elucidated.

Conservation
The population investigated here has historically been much larger and was recorded from the 

northern Upper Rhine Valley in the German states of Rhineland-Palatinate and Baden-Württem-
berg, and in northern Alsace (France). In Rhineland-Palatinate it went extinct shortly after 1980 
(Haag et al. 2007). The steady decline in Baden-Württemberg has been documented by monitoring 
through the state’s species protection programme, which indicated a loss of about half of the sites 
between 1995 and 2009. Today there are only two known localities still inhabited by P. idas, thus 
the species is close to extinction in Baden-Württemberg. It is nevertheless possible that a few rem-
nants still persist in northern Alsace. Given the adaptive divergence of P. idas in the Upper Rhine 
valley, the population should be considered an evolutionarily significant unit with high conserva-
tion value (sensu Fraser and Bernatchez 2001).

In the Upper Rhine Valley, the preservation of heathland with broom (and of interspersed nutri-
ent-poor grassland on sand) constitutes an increasing struggle for nature protection management. 
This is due to ever rising nitrogen input, in these habitats largely through atmospheric deposition 
(e.g. Phoenix et al. 2012; Bähring et al. 2017), exacerbated by a particular high neophyte pressure 
of Canada Goldenrod (Solidago canadensis L.), American Black Cherry (Prunus serotina Ehrh.), 
Tree of Heaven (Ailanthus altissima (Mill.) Swingle) and others. An increase of ground cover by 
low vegetation occurs at some sites, and this likely reduces ant density in broom heathland. Revers-
ing this trend may henceforth require soil disturbance by choppering or sod-cutting (e.g. Niemeyer 
et al. 2007; Pedley et al. 2013; Walmsley et al. 2021). Within a habitat a mosaic of rotating plots of 
soil disturbance is recommended, as ant colonies might get impaired initially. Even so, it is difficult 
to ascertain whether P. idas has actually been negatively affected by changes in low vegetation. 
Comparison of the two remaining sites of occurrence seems to indicate that enhanced ground cover 
reduces the abundance of Lasius psammophilus and Formica rufibarbis, but not F. pratensis. The 
southern site, where regular high-intensity mowing in patches (but without soil disturbance) is 
undertaken (Fig. 12), exhibits less ground cover than the northern site, which is grazed by goats.

The reasons for the extraordinarily rapid range contraction of P. idas in the Upper Rhine valley 
are therefore far from being understood. These unknown factors obviously affect other populations 
of the broom ecotype as well (Dardenne et al. 2008; Perrein 2012; Maillard 2017), but not those 
of the river gravel ecotype. Ebert and Rennwald (1991) regularly detected pre-imaginal stages 
on smaller broom shrubs, with little surrounding vegetation, which have become rarer in the past 
decades. However, the present study has demonstrated that larvae can be found in the upper half 
of large shrubs, where Formica pratensis (and potentially Camponotus ligniperda) are available as 
ant partners, to some extent also F. rufibarbis (and probably F. cunicularia). Only L. psammoph-
ilus is largely limited to attending caterpillars positioned at lower heights but can ascend at least 
to 55 cm (Table 2). The importance of particularly small host plants for P. idas is thus lower than 
previously thought, certainly not accounting for the extent of the species’ decline in the area. Also, 
the current structure of broom patches is by itself an insufficient explanation. The associated ants 
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are thermophilous species and will no longer occur when a closed shrub cover is developed. As the 
presence of ants reduces larval mortality (e.g. Pierce et al. 1987; Hill et al. 2022), the interior of 
dense scrubland can hardly be suitable for the development of P. idas. While an increase of shrub 
cover has certainly occurred at many sites previously occupied by the species, fringes of broom 
patches should presently still provide reasonable habitat. A belt of well-spaced plants of different 
sizes persists at least in some sections at most former localities.

Conclusions
In Central and Western Europe Plebejus idas displays a number of ecotypes, which may differ 

in the nature of their interactions with ants, in addition to host plants and habitat structure. Pop-
ulations of the broom ecotype investigated here (northern Upper Rhine valley, also occurring in 
northern France) are facultatively myrmecophilous, while populations of the river gravel ecotype 
in Bavaria and Switzerland exhibit the traits of obligatory myrmecophily. Such fundamental dif-
ferences within a species of lycaenid regarding the association with ants have not been reported 
before. It can be concluded that, in P. idas, a large amount of biodiversity involves variation at the 
population level. Therefore, it is important for the preservation of genetic diversity to take this in-
traspecific variation into account in practical conservation management. The critically endangered 
population of the Upper Rhine valley constitutes a highly important conservation unit.
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