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Abstract. This study is focused on the presence of Freyeria	trochylus	(Freyer, 1844) and Zizeeria	karsandra 
(Moore, 1865) on Rodos Island, Greece. F.	trochylus	was first found there by Turati and Fiori in 1923 and 
Z.	karsandra by Bender in 1958. The distributional range of both species in Europe including the Mediterra-
nean and their habitat and ecology, including their associations with ants, together with their life history and 
larval hostplants are examined. The life cycle of Z.	karsandra is described and illustrated here for the first 
time for Europe as a whole.

Introduction
During recent surveys and studies of the butterfly fauna in the Dodecanese Islands conducted by 
the author (Galanos 2014, 2016, 2017), the distribution of two lycaenids, Freyeria	trochylus	(Frey-
er, 1844) and	Zizeeria	karsandra	(Moore, 1865), has remained unclear since their first historical 
records on the island of Rodos (see below).
Freyeria	trochylus	has been considered as one of the scarcest butterflies in Europe, although 

it is classified as of Least Concern (LC), according its status in the most recent IUCN Red List 
(Van Swaay et al. 2010). The species has a vast distribution in the Old World, from SE Europe, 
Africa and Madagascar to Αsia through Himalayas (de Freina 2014). In Europe, it is recorded 
from Turkey, Greece, Cyprus and Bulgaria (Makris 2003; Pamperis 2009; Langourov et al. 2013). 
In Greece, the focus of this paper, it has been reported in the provinces of Macedonia, Thessalia, 
Evvia, Hios, Peloponnisos, Samos, Thasos, Crete, Kasos and Rodos, whereas in Bulgaria it is 
currently known to exist only in a single location near the Bulgarian-Greek border (Ignatov et al. 
2013), a record which, however, is dubious (Langourov 2019, pers. comm.).

In Rodos, a single male specimen of F.	trochylus	was collected and recorded for the first time 
in August 1923 by Turati and Fiori (Olivier 1993). That was the third oldest record in Greece and 
Europe as a whole, following one in Crete in 1841 and another in Sterea Hellas (Evrytania and 
Parnassos) in 1861 (Frivaldszky 1845; de La Chavignerie 1861). The most recent reports for Rodos 
were by Klimesch in 1971 and 1983 (Olivier 1993).

Similarly, the known distribution of Z.	karsandra in Europe including the Mediterranean ranges 
from Algeria and Sicily to the east, through Tunisia, Libya, Egypt, Israel, Lebanon, Greece, Cyprus 
and Turkey (Hesselbarth et al. 1995; Makris 2003; Baytaş 2007; Benyamini 2009; Pamperis 2009; 
Viborg 2019). In Greece, its presence has been reported so far only on Rodos and Crete (Bender 
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1963; Olivier 1993; Pamperis 2009; Rowlings and Cuvelier 2018; Viborg 2019). On Rodos, it was 
reported for the first time as a new species of the butterfly fauna of the island by Bender in 1963. 
Based on the results of his survey on the island in May 1958, the specimen was recorded identified 
as Zizeeria	lysimon (Hübner, 1803), which is a synonym for Zizeeria	knysna (Trimen, 1862), the 
distribution of which, however, ranges from Algeria to the west and southern Africa to Madagascar 
(Bender 1963; Larsen 1986; Olivier 1993; Williams 2008).

It should be noted, however, that Bender’s report does not provide any data concerning dates, 
localities, collected specimens or photographs. To address this deficiency, the current study con-
tributes detailed bionomic information for both species, including photographs, videos available in 
online Suppl. materials 1–3, in addition to notes on hostplants, larval relationships with ants and 
general life cycle.

Material and methods
Photographs of live material of both species were taken in	situ	during field work and ovipositions 
on the larval hostplant of each species were captured on videos. Early stages of Zizeeria	karsandra 
were measured by taking the length across the body of larvae, as well as the length and width (at 
its broadest point) of the pupa, using a digital calliper (TOTAL TMT321501). In making measure-
ments between instars we referred to the works of Sakauchi et al. (2019) and Venkata Ramana et 
al. (2014). We were able to track the different larval stages by measuring larval frass particles in 
accordance with Bean (1959) and Southwood and Henderson (2000). No specimen collection was 
carried out due to conservation considerations and was not necessary since the species could not be 
confused with other lycaenids and detailed photos were taken. Taxonomy and nomenclature follow 
Wiemers et al. (2018) for the butterfly fauna, Hassler et al. (2019) and Kleinsteuber et al. (2016) for 
the flora. All photographs and videos by Christos Galanos.

Figure 1. Geographical position of the Island of Rodos in Greece. Distribution of Freyeria	trochylus (■) and 
Zizeeria	karsandra (●) in the studied area.
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Results and discussion
Freyeria trochylus

Freyeria	trochylus is Europe’s smallest butterfly. Its small size with a wingspan of 15–18 mm and its 
rapid flight when close to the ground are probably the main reasons why it has often been overlooked. 
It is a highly adaptable species to varying environmental conditions, especially to climatic and edaph-
ic ones (de Freina 2014). The species is protected by Greek Law (Presidential Decree 67/81).

In order to verify the presence of F.	trochylus	on Rodos, systematic field work was conducted 
by the author from August to November 2019 in four study areas (Fig. 1), from the northern part of 
the island southwards to Lindos. These are characterized by dry and stony ground exposed to high 
temperatures, where the occurrence of its likely hostplant, Andrachne	telephioides	L. (Fig. 2B, C, 
Suppl. material 4: Figure S6) had been documented.

From the 13th of August to the 19th of November 2019, 31 adults in total, males and females, 
were recorded (Fig. 2A, Suppl. material 4: Figure S5) and more than 50 plants with feeding marks 
were examined in detail, on which 26 caterpillars feeding or resting on leaves or shoots were 
found. In addition, more than 30 eggs (Fig. 2D), hatched and un-hatched, were counted and 8 ovi-
positions took place. All the female individuals were observed to lay eggs individually, exclusively 
on the leaves, stems and perianth of A.	telephioides plants (Suppl. material 1: Video S1), which is 
for the first time confirmed as the larval hostplant of F.	trochylus on Rodos, instead of Heliotropium	
hirsutissimum Grauer, as Olivier hypothesised (Olivier 1993).

As it turned out in the field, larvae of F.	trochylus have relationships with ant species, as many 
lycaenid larvae do to protect themselves from natural enemies like flies or wasps (Fiedler 2006; 
Obregón et al. 2015). Actually, most of them were found to maintain a mutually beneficial relation-
ship with worker ants of the Formicidae family (Fig. 2E, F), probably Camponotus	piceus Leach, 
1825, which is widespread and common in Mediterranean countries including Greece (Fiedler 
2019, pers. comm.) and is regarded as one of the most important ant associates of Palaearctic ly-
caenids (Fiedler 2006). The ants were observed feeding on larval secretions of the third and fourth 
instar, which are known to secrete nutritious liquids consisting of sugars and amino acids from 
their honey glands (Tolman 1995; Fiedler 2006).

As further investigations are still in progress regarding the life cycle of F.	trochylus	on Rodos, 
the only known related report for Greece to date is by Tolman, according to which the ovum stage 
lasts for about 1 week, while the pupal stage lasts about 2 weeks (Tolman 1995). On Rodos, this 
species is estimated to be on the wing throughout most months of the year spanning three genera-
tions, with the last record made on the 19th of November 2019.

Zizeeria karsandra
Zizeeria	karsandra is also a tiny butterfly with a wingspan of 15–20 mm, which flies quite rapidly 
near the ground and thus is easily overlooked. During a series of field surveys since early Novem-
ber 2019 its presence was documented at 5 localities from the northern part of the island westwards 
to Theologos and southwards to Lindos (Fig. 1).

The habitat where the butterflies were observed was typical of the species, namely open grassy 
places, roadside verges, moist and waste places near urban areas or next to the sea (Fig. 3C, Suppl. 
material 4: Figures S11–S15). The study areas were chosen on the basis of the occurrence of the 
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assumed butterfly´s hostplant, Polygonum	equisetiforme	Sm. (Fig. 3 B) (Benyamini 2004). The 
composition of plant communities did not differ among study areas. In particular, the following 
plants were found to be abundant: Amaranthus	blitoides S. Watson, A.	viridis L., Arundo	donax L., 
Capparis	orientalis	Veill., Cichorium	intybus ssp. glabratum (C. Presl) Wagenitz & Bedarff, Cyno-
don	dactylon (L.) Pers., Dittrichia	viscosa ssp. angustifolia (Béguinot) Greuter, Ecballium	elateri-
um (L.) A. Richard, Heliotropium	dolosum De Notaris, H.	hirsutissimum Grauer, Malva	multiflora 
(Cav.) Soldano et al., Ononis	spinosa L.,	Oxalis	pes-caprae L., Polygonum	equisetiforme, Portu-
laca	oleracea L., Ricinus	communis L., Theligonum	cynocrambe L., Thymelaea	hirsuta (L.) Endl. 
and Tribulus	terrestris L.

Field work was carried out on sunny mornings with temperatures ranging from 20 °C to 24 °C, 
during which time, 13 adults, of which six males and seven females were found to be very active 
flying or resting close to the ground (Fig. 3 A, Suppl. material 4: Figures S7–S9, Suppl. material 3: 

Figure 2. A: Female of Freyeria	trochylus	feeding on Heliotropium	hirsutissimum, Rodos, 13 Aug 2019; B: 
Andrachne	telephioides, the larval hostplant of F.	trochylus in Rodos, Rodos, 24 Sep 2019; C: Natural habitat 
occupied by F.	trochylus butterflies, Lindos, 21 Aug 2019; D: Egg of F.	trochylus on a fresh leaf of A.telephi-
oides, Pefki, 27 Oct 2019; E, F: Larvae of F.	trochylus in association with ant species, Rodos, 22 Oct 2019.
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Figure 3. A: Male of Zizeeria	karsandra, Rodos, 8 Nov 2019; B: P.	equisetiforme, the larval hostplant of 
Z.	karsandra in Rodos, Rodos, 1 Oct 2015; C: Natural habitat occupied by Zizeeria	karsandra butterflies, 
Rodos, 9 Nov 2019; D: Z.	karsandra caterpillar feeding on leaves of P.	equisetiforme, next to its eggshell, 
attended by a Tapinoma sp. worker ant near its nest, Rodos, 12 Nov 2019.

Video S3), while three ovipositions took place on fresh stems of P.	equisetiforme plants on the 8th, 
12th and 20th of November (Fig. 4A). The butterflies were observed to walk on the shoots, stopping 
intermittently to lay eggs, always individually (Suppl. material 2: Video S2).
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Additionally, a single larva of the second instar of this species with a length of 4 mm was found 
on the 12th of November to be attended by ants next to their nest (Fig. 3D). The ants were identified 
as worker ants of the genus Tapinoma Foerster, 1850, of the Formicidae family, which have been 
recorded as regular visitors for quite a number of lycaenid species in the Mediterranean (Fiedler 
2019, pers. comm.).

Following a similar pattern, larvae of Z.	karsandra	in India are attended by ants of the same 
genus, Tapinoma	melanocephalum	Fabricius, 1793 (Venkata Ramana et al. 2014), while in Spain 
(Cordoba) it has been documented that larvae of Z.	 knysna	are attended by more than one ant 
species, in particular, by Formica	cunicularia Latreille, 1798, Lasius	niger Linnaeus, 1758 and 
Pheidole	pallidula	Nylander, 1849 (Obregón et al. 2015). 

Concerning its flight period, Z.	karsandra is estimated to be on the wing throughout most months 
of the year spanning three generations, the first of which in early spring and the last in October-No-
vember, as it has been similarly reported on Crete (Pamperis 2009; Rowlings and Cuvelier 2018; 
Viborg 2019). A worn male of this species was found to fly on the 3rd of December, this being the 
latest report of the year in Greece.

In southern Turkey, Z.	karsandra	was recorded to be on the wing from the 5th of January to the 20th 
of December, having taken into account 164 records of adult butterflies (www.adamerkelebek.org).

Life cycle
In order to accurately study the life cycle of Z.	karsandra and its metamorphosis on its hostplant, 
P.	equisetiforme, during the period of the butterfly’s early life stages including egg, larva and pupa, 
the following experiment was conducted in	situ	by the author.

The shoots of the mature plants of P.	equisetiforme, where the larva that was found on the 12th 
of November 2019 and also where the female deposited its eggs on the 20th of November 2019 
(11:40 a.m.), were placed into transparent mesh bags and remained in	 situ, and meticulously 
closed preventing prospective predators from entering and simultaneously allowing both light 
and air to pass through. The larva in the first bag was found dead from parasitism on the 28th 
of November 2019; it was fully grown one or two days prior to pupation. The second bag was 
examined in	situ	three times a day during the ovum stage and was transferred to the laboratory 
after hatching with an average air temperature of 20 °C and humidity of 75%. Fresh shoots of 
P.	equisetiforme with flowers and leaves were supplied each day in the morning, while the bag 
was cleaned once a day. Larvae were alternatively supplied with leaves of Oxalis	pes-caprae L., 
which has been described as the hostplant of Z.	karsandra in Crete; however, they refused to 
feed on them.

Εgg: The egg deposited on the 20th of November hatched after 9 days of incubation, specifically, 
in the early morning of the 29th of November (Fig. 4A, B). It was white-greenish to bluish in col-
our when laid and turned into creamy grey on the last day before hatching. It measured 0.5 mm in 
diameter and 0.30 mm in height with a flattened profile and round shape.

Larva: The larvae passed through four instars and moulted thrice as confirmed from observa-
tions of their exuviae.

1st Instar: On the first day of hatching, the young larva measured 1.10 mm in length (Fig. 4C). 
Its body was cream to yellowish with long lateral hairs and its head was shiny black as it was in all 
instars. It was observed to consume only the soft parts of the perianth, avoiding leaves. This stage 
lasted for a week and the larva grew up to 2.1 mm.
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Figure 4. The metamorphosis of Z.	karsandra during the early stages of its life cycle. A, B: Egg of Z.	karsan-
dra before and after hatching on a fresh leaves of its hostplant, P.	equisetiforme; C: The new hatched larva 
of the 1st instar; D: The larva during the process of the first ecdysis into the 2nd instar; E: The 2nd instar larva 
moving on its hostplant; F: A comparison of the collected frass pellets of the fully grown larvae of the 2nd (L2), 
3rd (L3) and 4th (L4) instars. Scale bar: 1 mm; G: The 3rd instar larva, lateral view; H: The new moulted larva 
next to its exuvia after the process of the last ecdysis from the 3rd into the final and the 4th instar; I: The fully 
grown 4th instar larva, lateral view; J: the 4th instar larva at the pre-pupal stage, dorsal view; K, L: The new 
formed pupa, dorsal and lateral view, Rodos, 8 Nov 2019. All photographs by Christos Galanos.
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2nd Instar: An ecdysis was detected and photographed on the 7th of December, 8 days after 
hatching, marking the transition from the first to the second larval instar (Fig. 4D, E). During the 
process of the moulting the larva’s head became green in colour, while reverting to black after it 
was completed. At this stage, the larva’s body became greener and the frass pellets measured were 
clearly bigger than during the previous instar. The larva was observed feeding on leaves for the first 
time. This stage lasted for seven days and the larva grew up to 4 mm.

3rd Instar: On the 14th of December a second ecdysis took place marking the transition from the 
second to the third instar. At the same time, frass pellets became clearly bigger than in the previous 
instar and the larva grew up to 6.4 mm (Fig. 4G). This stage lasted for seven days.

4th Instar: On the 21st of December the last ecdysis was detected from the third to the fourth and 
final instar (Fig. 4H, I). At this stage frass pellets were found distinctly bigger than in the previous 
instar, while the larva grew up to 10.3 mm. This stage lasted for seven days.

In all cases concerning the process prior to ecdysis, the larvae were observed to be entirely still 
for approximately 36 hours. Frass were collected and measured comparatively. The comparison 
found each instar to be noticeably distinct from the others (Fig. 4F). It should be noted that the frass 
pellets were collected from a limited area where the larvae fed exclusively on the particular host-
plant, P.	equisetiforme, both localised frass and larval specialisation being regarded as significant 
parameters in such an experiment (Southwood and Henderson 2000).

Pupa: At the pre-pupal stage the fully grown fourth-instar larva became inactive, stopped feed-
ing and the last frass pellets were excreted. Subsequently, the larva became shorter and thicker 
before pupation (Fig. 4J). This stage lasted for three days (28th – 30th of December). The pupa was 
newly formed on 31st of December and it measured 8.2 mm in length and 3.7 mm in width at its 
broadest point (Fig. 4K, L). It was a translucent pale yellowish-green when first formed, while 
as the adult butterfly developed it eventually darkened and the wings and other parts of its body 
became visible through the pupal case. As it turned out, it was not attached to its cell by any girdle 
or the cremaster, however, the old larval skin remained attached to the end of the pupa for a few 
hours (Suppl. material 4: Figure S10). The pupa was transported back to its natural habitat with an 
average air temperature of 12 °C and humidity of 80%, where it was found having hatched on the 
19th of January 2020. This stage lasted for 20 days. Thus Z.	karsandra completes its life cycle in 61 
days (Egg: 9 days in	situ, larva: 32 days to the laboratory, pupa: 20 days in	situ).

In conclusion, P.	equisetiforme	is verified as the principal larval hostplant of	Z.	karsandra	on the 
island of Rodos and the early parts of its life cycle are also documented for the first time for Greece 
and for Europe as a whole in the present study, which, in particular, is focused on details of egg-laying 
habits, larval hostplant and habitat preferences, as well as on larval and adult behaviour. Furthermore, 
it contributes to knowledge on the identification of each larval instar of this species, the morphological 
traits and periods of each life stage and the development from egg to adult under climatic and environ-
mental conditions in Greece. It should be noted that detailed research on the biology of Z.	karsandra 
has been carried out only in India (Venkata Ramana et al. 2014; Harinath et al. 2015). Regarding the 
conservation status of Z.	karsandra in Greece, the species has been classified as Vulnerable due to 
overcollecting and the destruction of its habitat (Pamperis 2009), and thus it is protected by Greek Law 
(Presidential Decree 67/81). Its status in Rodos cannot be currently assessed because there have only 
been very few records; however, the most important threat can be assumed to be habitat change and 
loss due to residential development and road construction.
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Supplementary material 1

Video S1
Authors: Christos J. Galanos
Data type: multimedia
Explanation note: Female of Freyeria	trochylus, ovipositing on the leaves of its larval hostplant, 
Andrachne	telephioides. Rodos, 21 Aug 2019.

Copyright notice: This dataset is made available under the Open Database License (http://open-
datacommons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agree-
ment intended to allow users to freely share, modify, and use this Dataset while maintaining this 
same freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/nl.43.48535.suppl1

Supplementary material 2

Video S2
Authors: Christos J. Galanos
Data type: multimedia
Explanation note: Female of Zizeeria	karsandra, ovipositing on the shoot of its larval hostplant, 
Polygonum	equisetiforme. Rodos, 8 Nov 2019.

Copyright notice: This dataset is made available under the Open Database License (http://open-
datacommons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agree-
ment intended to allow users to freely share, modify, and use this Dataset while maintaining this 
same freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/nl.43.48535.suppl2

Supplementary material 3

Video S3
Authors: Christos J. Galanos
Data type: multimedia
Explanation note: A male individual of Zizeeria	karsandra resting on a leaf of Ononis	spinosa. 

Rodos, 8 Nov 2019. All videos by Christos Galanos.
Copyright notice: This dataset is made available under the Open Database License (http://open-

datacommons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agree-
ment intended to allow users to freely share, modify, and use this Dataset while maintaining this 
same freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/nl.43.48535.suppl3

http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/nl.43.48535.suppl1
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http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/nl.43.48535.suppl2
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/nl.43.48535.suppl3
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Supplementary material 4

Figures S5–S15
Authors: Christos J. Galanos
Data type: multimedia
Explanation note: Figure S5. A male individual of Freyeria	trochylus resting on grass. Rodos, 19 

Nov 2019; Figure S6. The larval hostplant of F.	trochylus, Andrachne	telephioides, in its natural 
habitat. Rodos, 24 Sep 2019; Figure S7. A male individual of Z.	karsandra at rest. Rodos, 19 
Nov 2019; Figure S8. A worn male individual of Z.	karsandra in the field. Rodos, 3 Dec 2019; 
Figure S9. A male individual of Z.	karsandra resting on a fresh leaf of Ricinus	communis. Ro-
dos, 9 Nov 2019; Figure S10. The pupa of Z.	karsandra next to its old larval skin on a dry leaf of 
its hostplant, Polygonum	equisetiforme; Figure S11–S15. The natural habitats of Z.	karsandra 
populations in 5 different localities on Rodos, where the presence of its native larval hostplant, 
P.	equisetiforme, was confirmed.

Copyright notice: This dataset is made available under the Open Database License (http://open-
datacommons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agree-
ment intended to allow users to freely share, modify, and use this Dataset while maintaining this 
same freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/nl.43.48535.suppl4
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	Bionomics of Freyeria trochylus (Freyer, 1844) and Zizeeria karsandra (Moore, 1865) (Lepidoptera, Lycaenidae) on Rodos Island, Greece
	Abstract.
	Introduction
	Material and methods
	Results and discussion
	Freyeria trochylus
	Zizeeria karsandra
	Life cycle

	Acknowledgements
	References
	Supplementary material 1
	Video S1

	Supplementary material 2
	Video S2

	Supplementary material 3
	Video S3

	Supplementary material 4
	Figures S5–S15


