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Until now, Saga pedo (Pallas, 1771) was known to occur in Croatia only in the Mediterranean bio-
geographical region and on the southern slopes of the Dinaric Alps in the Alpine region. Here we give 
the first record of the species' presence deep inside what is officially called the Alpine region and in 
the Peripannonian area in the Continental region of the country. Along with all known specimens and 
observation records, our results represent the updated distribution of S. pedo in Croatia. Some notes on 
ecology, field observations, and discussion about habitat preferences are also given.
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Vrsta Saga pedo (Pallas, 1771) u Hrvatskoj je do sada poznata isključivo iz mediteranske biogeograf-
ske regije i južnih padina Dinarida alpinske regije koji graniče s njom. U ovom radu donosimo prve 
dokaze prisutnosti vrste duboko u onome što se službeno zove alpinska regija te peripanonskom 
prostoru u kontinentalnoj regiji Hrvatske. Objedinjujući sve dostupne uzorke i opažanja, u rezultatima 
prikazujemo upotpunjenu rasprostranjenost vrste S. pedo u Hrvatskoj. Također dajemo i podatke o 
ekologiji, terenska opažanja i raspravu o stanišnim preferencijama ove vrste.
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INTRODUCTION
Predatory katydids of the subfamily Saginae are represented by six species in Europe 

(Cigliano et al., 2022). Two of them can be found in Croatia: the more common and re-
latively widely distributed Saga pedo (Pallas, 1771), and probably Saga natoliae Serville, 
1838 reported from the very south of the country by Adamović (1964) - a finding in need 
of confirmation (Skejo et al., 2018). They are the largest species of Orthoptera in Europe, 
with individuals of S. pedo reaching 75 mm in body length (S. natoliae is even larger) 
(Lemonnier-Darcemont et al., 2016), placing it among the largest insects in Croatia.

The habitat of S. pedo in Croatia has been considered to be associated with localities 
affected by the Mediterranean climate, as its known distribution encompasses only the 
coastal area of the Mediterranean region and a few islands within it, along with some 
rare findings at higher altitudes on Mt Učka, Mt Velika Kapela, Mt Velebit, Mt Dinara, 
and Mt Sniježnica (Krauss, 1879; Bucchich, 1886; Pungur, 1899; Padewieth, 1900; Wer-
ner, 1905; Karny, 1907; Kuthy, 1908; Ramme, 1951; Us, 1964; Tvrtković, 1982; Schuster 
et al., 1998; Bellmann, 2006; Skejo & Rebrina, 2013; Rebrina et al., 2015; Puskás et al., 
2018; Skejo et al., 2018; Rebrina & Tvrtković, 2019), landscapes dominated by karst 
topography (Croatian Geological Survey, 2009). The species inhabits well-preserved 
open habitats with few or no chemical inputs from agriculture, ranging from dry gra-
sslands, over maquis, to forest edges, and even vineyards and similar cultivated areas, 
up to altitudes of 1750 m a.s.l. (Lemonnier-Darcemont et al., 2016; Anselmo, 2019). The 
research methods recommended by Lemonnier-Darcemont et al. (2016) for estimating 
species abundance in a given area are the linear transect and the biocenometer.

As its common name suggests, animals of this species are obligate predators that 
feed on other insects, Orthoptera likely being its main prey (Anselmo, 2019). However, 
observation of an S. pedo nymph feeding on nectar was made by Peter F. McGrath 
(2020), indicating that this species could be opportunistic to some extent in its feeding 
habits, at least in some stages of development. Saga pedo is an interesting species when 
it comes to its genetics and reproduction. It has a pentaploid karyotype and reproduces 
by thelytoky (parthenogenesis in which only females are produced from unfertilized 
eggs), which likely enabled the species to be distributed over and colonize such a wide 
distribution range, especially when compared to its sexed congeners (Dutrillaux et 
al., 2009). Historical records and descriptions of S. pedo males do exist (e. g. in Pa-
dewieth, 1900; Ramme, 1951, Baur et al., 2006; photographs of male available at Ort-
hoptera.ch (2023)) but are questioned by Lemonnier-Darcemont et al. (2016). Recent 
studies proved the hybridization of S. pedo with other congeners in captivity, making 
this an interesting subject for future research (Lemonnier-Darcemont & Darcemont 
2007).

Even though S. pedo can be found across Europe and parts of western Asia (Ciglia-
no et al., 2022; introduction to the USA reported by Cantrall, 1972), it is not a common 
species due to its low population density and cryptic behavior (Holuša et al., 2013; 
Lemonnier-Darcemont et al., 2016, Anselmo, 2022). Saga pedo is the only species of 
Orthoptera strictly protected by law in Croatia (NN 144/13, 73/16) and is listed in Na-
tura 2000 Annex IV of the Habitats Directive. By IUCN criteria it is globally assessed 
as a vulnerable (VU) species (in need of assessment update) and as least concern (LC) 
in Europe, with trends of decreasing population sizes and population fragmentation 
being the main threats for the species (Baillie & Groombridge, 1996; Hochkirch et al., 
2016).
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This paper aims to gather all available records of S. pedo in Croatia, including lite-
rature data, citizen science observations and new unpublished records, with the goal 
of providing an updated account of the distribution of the species in the country. 
Habitat preference is gathered from localities with confirmed species presence.

MATERIAL AND METHODS
Institutional abbreviations used in this paper:
HPM—Croatian Natural History Museum, Zagreb, Croatia;
PMF—�University of Zagreb, Faculty of Science, Department of Biology, Entomology 

Collection, Zagreb, Croatia;
HNHM—Hungarian Natural History Museum, Budapest, Hungary;
NHMW—Natural History Museum, Vienna, Austria;
cGS—collection of Gergely Szövényi.

Museum specimens deposited in the Croatian Natural History Museum (HPM) were 
examined by Fran Rebrina and Josip Skejo. Field observations made by the authors 
were collected independently, through an extended period of fieldwork in Croatia not 
specifically focused on S. pedo. Specimens collected during fieldwork by Maks Deranja, 
Maja Mihaljević, Marko Pavlović, and Karmela Adžić (2020–2021) are deposited in the 
PMF collection (research permit ID: UP/I-612-07/20-33/27, 515-05-2-1-20-2; UP/I-612-
07/21-48/70, 517-10). Specimen identification follows the species’ original description 
(Pallas, 1771) and Saga Charpentier, 1825 species key provided by Lemonnier-Dar-
cemont et al. (2016). 

Additionally, social media platforms were examined for citizen science observations, 
namely (1) iNaturalist (www.inaturalist.org) by filtering observations of the species in 
the country with research grade, all observations confirmed by the authors; (2) Obser-
vation.org was examined by the authors, only observations supported by specimen 
photographs were considered, excluding duplicate observations; (3) Facebook group 
“Koji je ovo pauk/kukac?” (eng. “What spider/insect is this?”) where an observation of 
S. pedo made by Kristina Kirin was uploaded, other observations from Facebook are 
not included in the paper due to technical issues connected to linking references from 
the platform (links sometimes change with updates causing old ones to become inac-
cessible); (4) Biologer.hr observations of S. pedo confirmed as valid observations on the 
platform and by the authors; and (5) other citizen science sources—public forum (akva-
rij.net) and local online news portal (tportal.hr)—with species records gathered indi-
vidually by the authors. 

All observations collected are shown on a map made in QGIS version 3.28.1-Firenze 
to visualize the species’ distribution in Croatia (Fig. 1). The map of biogeographical 
regions was downloaded from European Environment Agency (EEA, 2016). Habitat 
photographs were taken by the authors during their individual field researches (Fig. 
2). Altogether 94 observations of S. pedo are reported for Croatia in this paper: 35 gat-
hered from literature data, 41 new records (author’s observations and other unpublis-
hed records, including specimens from HPM), and 18 citizen science observations (Tab. 
1, Fig. 1). All the observations were annotated with the altitude of the locality.
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RESULTS
The observation of S. pedo at the highest altitude is from Mt Dinara, SW from Pitomi vrh 

at 1293 m a.s.l. (Rebrina et al., 2015). In the northern part of the distribution, the highest 
altitude confirmed observation is 747 m a.s.l. on Mt Učka, Brgudac (obs. Jelić, D.). 

Observed habitats of S. pedo in Croatia vary depending on the biogeographical region, 
but generally are open rocky grasslands (Fig. 2) or garrigue and maquis habitats with little 
to no forest coverage. Although generally considered to be limited to areas with a Medi-
terranean climate, there are findings of S. pedo relatively deep in the Dinaric karst moun-
tain chains (Ljubovo, Mt Mala Kapela, Udbina, Mt Lička Plješivica) and one very isolated 
observation in the Peripannonian area of the Continental region, on an isolated karst 
mountain. All the observations, except for Mt Kalnik, are within the Dinaric karst area.

From the authors’ fieldwork observations, the species was more common earlier in 
the season in the period of May - June, while specimens are still nymphs and are acti-
ve during the daytime. Later in the season the species turns to crepuscular or nocturnal 
activity, correlating to a rise in daily temperatures. Specimens are adults in this period, 
utilizing shrubbery in their habitat to find cover, which makes them very hard to spot. 
During this period most success at finding specimens was observed during the evening, 
and specimens were especially easy to spot and confirm on roads (obs. Jelić, Deranja 
& Adžić in Puljane; Tvrtković & Perović in Istria; Tvrtković & Vuković above Sv. Juraj, 
Mt Velebit). Adults were also observed ovipositing in this period, during night surveys 
in July in Puljane. The species is confirmed only on larger islands (Fig. 1), the smallest 
being Kornat with an area of 32.44 km2.

Fig. 1. Findings of Saga pedo (Pallas, 1771) in Croatia, divided according to the basis of the record into 
literature data (all published records), citizen science, and new records (unpublished records and ob-
servations made by the authors). Biogeographical region boundaries are indicated on the map, following 
EEA (2016) geospatial data. North is indicated by the arrow; scale bar is in kilometers. The photograph 
of the S. pedo specimen is from Mt Kalnik in the Continental region, the most isolated find of the species 
in Croatia (photograph: Kristina Kirin).
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Our records of the S. pedo were not necessarily restricted to habitats rich in other 
Orthoptera species, though some localities like Ljubovo—where it was found among 38 
other species—do represent such habitats. The largest number of observed (but undo-
cumented) specimens was reported by Padewieth (1900) who saw around 100 specimens 
running from an outbreak of wildfire in Klarićevac. He also reports being rather unsu-
ccessful at capturing them on the occasion, catching only about 30 specimens. 

Fig. 2. Different habitats where Saga pedo (Pallas, 1771) is found in Croatia. Photographs represent ha-
bitats on the mainland, view from Mt Kalnik in the Pannonian lowland (A; photographed by K. Kirin); 
Duler meadow on Mt Dinara on the border of the Alpine region (B; photographed by N. Kasalo); on 
the S slopes of Mt Obruč in the Mediterranean region (C; photographed by M. Deranja); and habitat on 
islands of the Mediterranean region on Kornat (D; photographed by K. Adžić).

Based on the recent findings, the currently known S. pedo population is divided into 
minimally 11 disjunct subpopulations within Croatia: mainland population, Mt Kalnik 
isolated population, and island populations (isolated on nine islands). The species has 
severely fragmented populations in Europe (Hochkirch et al., 2016) which poses ad-
ditional constraints on its adaptive potential.

DISCUSSION
Only in the recent decade has it become standard to give precise localities including 

coordinates of the observation. This makes certain old records unreliable, e. g. a finding 
from Mt Učka (= Mte. Maggiore) made by Karny (1907) or findings attributed to the 
largest nearby city, e. g. Rijeka (= Fiume) listed as a locality by Pungur (1899), both 
examples covering large potential areas of observation. 

The finding of S. pedo from Mt Kalnik needs further research. As observation was 
uploaded to Facebook by Kristina Kirin at the end of the species’ activity period, it was 
not possible to organize additional fieldwork at the locality within the same season.
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The possibility of S. pedo being accidentally introduced is unlikely given the fact that 
the finding site is far from inhabited areas, which is why this observation is considered 
valid. The southern side of Mt Kalnik has xerothermic limestone rocky meadows bor-
dered with shrubs of pubescent oak (Quercus pubescens Willd.) and flowering ash (Fraxi-
nus ornus L.) woodland (Vukelić et al., 2008), probably similar to habitats on Villany 
Hills in Southern Hungary and to some other isolated European northwestern locations 
of S. pedo populations (Nagy & Nagy, 2000; Kenyeres et al., 2002; Krištin & Kańuch, 
2007). We consider it an isolated subpopulation. 

From our fieldwork observations it can be inferred that S. pedo is not restricted to 
habitats rich in other Orthoptera as main food resources. In fact, on islands such as 
Kornat, the species was found exclusively in habitats with a low Orthoptera diversity 
(Fig. 2C), but was absent from microhabitats preferred by most other species of Ort-
hoptera, e. g. in proximity to water sources. Saga pedo was only confirmed on larger 
islands in Croatia (Tab. 1, Fig. 1) and it is possible that habitat size and quality are the 
main factors determining habitat selection in the species. The species was not found 
on islands smaller than 30 km2, which indicates that it cannot survive in smaller isola-
ted areas with constant natural or human habitat change pressure without potential 
microrefugia, but this cannot be confirmed without additional research.

Our findings on the change in activity period during the day and night correspond 
to the records of Lemonnier-Darcemont et al. (2016). We estimated population size in 
the area with the linear transect method, 10, 20, and 40 m long transects, at 6 localities 
near Puljane in July. We consider the method to be unsuccessful in our case as we were 
able to detect only a single specimen, despite conducting transect reearch during the 
evening when specimens are easier to detect. Saga pedo individuals were seen in rela-
tively large numbers on the road during the night, which is recognized as a potential 
roadkill threat to the species by Lemonnier-Darcemont et al. (2016). It remains uncle-
ar why are there no more records of S. pedo roadkill in areas where the species is found. 
Given the unique morphological appearance of S. pedo it can easily be identified among 
other Orthoptera roadkill in Croatia (authors’ observations), making this an important 
source of information which should be employed in future research aiming to detect 
the species’ presence on new localities. 

Future research on S. pedo in Croatia should be focused on discovering new localities 
where the species is present or confirming its presence in underexplored areas such as 
Mt Kalnik, Mt Dilj and Mt Papuk in the Peripannonian area, the southern slopes of Mt 
Mala Kapela in Lika region (officially named Alpine region), southern slopes in the 
middle parts of the Mt Velebit, inland Dalmatia, and the southernmost part of the co-
untry (see area without data Fig. 1). Additional research into the ecology of the species 
is needed for a better understanding of its behavior, threats, and population trends. 
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