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It seems that the only Echiuroid species present in the Mljet National Park is Bonellia viridis. This
species is known world wide for its peculiar larval development and sexual dimorphism. The forked
proboscis females prefer to live in shallow sublittoral crevices in large stones and similar rocky envi-
ronments. Divers reported B. viridis to be a rather common marine invertebrate.
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Izgleda da je Bonellia viridis jedina vrsta zvjezdana (Echiura) koju nalazimo u Mljetskom Nacional-
nom parku. Radi se o Zivotinji poznatoj Sirom svijeta zbog posebnog razvoja li¢inaka i izrazitog spolnog
dimorfizma i nacina zivota odraslih jedinki. Velike Zenke s ra¢vastim rilom Zive ponajvise izmedu
kamenja i u pukotinama strmih i okomitih stijena. Prema opazanjima ronilaca na nekim se mjestima
u Nacionalnom parku B. viridis ¢ak moze smatrati cestom vrstom.

Kljucne rijeci: Echiura, Bonellia viridis, Jadransko more, Nacionalni park Mljet.

INTRODUCTION

In the entire Mediterranean Sea, six species of echiurans (Echiura Newby, 1940) were
recorded (MuriNa, 1984; van pER LanD, 2001; ANoNymous, 2008; Biseswar, 2009). Howe-
ver, in the Adriatic Sea only two species were identified: Bonellia viridis Rolando, 1821,
and Maxmuelleria gigas (M. Miiller, 1852) both belonging to the family Bonellidae Baird,
1868.

In the summers of 1995-2002, the student Thais Society for Underwater Research was
engaged in studies of benthic communities and biodiversity of marine fauna in the Mljet
National Park. The task was done principally on the basis of visual observations by skin
and scuba divers. The work resulted in eight bachelor theses, and in numerous profe-
ssional and scientific papers published elsewhere in Croatia and abroad.

The present contribution is the seventh in the series on the marine fauna of the Mljet
National Park. Except for the paper on echinoderms (Zavopnik, 2003) all other contri-
butions appeared in the journal Natura Croatica (Kruzic, 2002; Locan, 2003; DELL’ ANGELO
& ZAVODNIK, 2004; gILETIé, 2005; ZavobNIK, 2016).

HISTORICAL ACCOUNT

In Adriatic scientific literature echiurids appear only at the beginning of the nineteenth
century when big females of a littoral species Bonellia viridis attracted the interest of
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scientists (RoLaNDO, 1821). Males of this species were found in the Adriatic Sea and were
recorded three decades later (KowarLevsky, 1868; VEypovsky, 1878). The first critical re-
view of the Adriatic reports was provided by Carus (1885), followed a century ago by
MuriNa (1984), and ZavopNik (1994).

There are many reports of Echiura in Slovenian and Croatian areas, such as the Istri-
an peninsula (Vatova, 1928; Marcuzzi, 1972; MatyaSIC et al., 1975; ZAVODNIK & ZAVODNIK,
1986; SKeT ef al., 2003), the Kvarner archipelago (Zavopnik, 1994, 1998), Rijeka Bay (Za-
VvODNIK & Kovaci¢, 2000), and in Kornati archipelago (Zavopnik D. and BELamaric J.,
unpublished results).

MATERIALS AND METHODS

The research project into benthic communities and faunal biodiversity in the area of
Mljet National Park was carried out by high school students in the summer period. With
regard to the main topics of research the work was based on visual observations and the
collection of sediments and biological material by snorkeling, and skin and scuba divers
equipped with scientific and fishing equipment. The work along transects was previo-
usly shown to be successful (OrepIC et al., 1997; GuipeTTI et al., 2001; Lirgy et al., 2004).

Sixty five diving sites were explored (Fig. 1), mainly during the day. Occasionally, night
dives were organised as well. Two to ten divers were involved in each excursion. Obser-
vations on deep rock and sand habitats were carried out exclusively by scuba divers.

In the area of interest, hydrology and planktology were not considered. Benthic re-
search occasionally was documented by environmental photography.

The details of the majority of sites studied were presented in papers by ORepIC et al.
(1997), Kruzi¢ (2002), Zavopnik (2003), and SiLeTIC (2005).
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Fig. 1. Research area and surveyed stations.
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Fig. 2. A female’s divided proboscis in a natural environment. (Photo by P. Kruzi¢; taken at
Uvala Srednja, Pomena, at 8 m depth.)

Divers searched in particular for the presence of the forked proboscis of the female
B. viridis in subtidal gravel and rocky environments (Fig. 2). Observations were perfomed
along a 100 metre long rope marked at one meter intervals, and in 4-10 m path width.
At steep reefs and entrances to caves, and vertical or even an overhanding bottom con-
tour depth marks only were considered due to technical reasons.

The presence of big B. viridis (females only) was recorded from shallow sea 0.1 m at
low tide, to a maximum 56 m depth on a vertical rocky wall at Lenga cape — station
MLJ-16. At all the studied sites of the research, divers recorded data on rock and boulder
morphology and sediments.

To study sediment-dwelling echiurans, numerous grab hauls were done by the rese-
arch vessel Vila Velebita with an improved Van Veen 0.1 m? grab type at selected stations
(MLJ-101-127). The sediment was sieved through 1 mm? mesh. Live animals were extrac-
ted and preserved in 60 % alcohol or a neutralized 4 % formol solution.

RESULTS

In the search for echiurans, there were a total of 65 diving sites and 27 grab stations.
Divers were usualy engaged in daylight visual observations. No echiurans were found
in grab hauls. Similarly, the sediment collected using buckets, and Zahtila hand samplers
(OrePIC ef al., 1997) produced no results. Alas, a postal parcel containing few undeter-
minable worm pieces preserved in alcohol disappeared during transport to Mrs. Galina
V.V. Murina, Odessa (Crimea) who had agreed to examine the material.

While extended, the forked proboscis of an about 10 cm large Bonellia viridis female
can reach about one metre and half in length (Garms & Borwm, 1981; present paper).
Probosces were noted by divers at our stations MLJ-1, 10, 12, 13, 14, 16, 17, 18, 20, 22, 23,
28, 29, 30, 31, 40, 41, 45, 46, 49, 51, 53, 55 and 59, at 0-45 m depth (Fig. 1, Tab. 1). This
species appears to be a typical shade seeking creature, usually inhabiting various rock
and similar shelters, and even domestic refuse. Thus Bonellia was detected in some gla-
ss bottles drawn up in the course of our bottom cleaning actions at stations ML]J-1 and
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Tab. 1. Basic facts on the sites where Bonellia viridis was found in the Mljet. National Park
Exposure abbreviations: Sh — sheltered; Mo — moderately exposed; Ex — exposed to waves.
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&= B (Ol as Ol HSe | @z
1 | Soline channel 0-3 Under boulders E 0-10 Sh
10 | Amfiteatar 0-2 Rock 0-45 Ex
12 | Srednji rat (cape) 0-9 Steep rock 45 Ex
13 | Vanji skolj 0-48 Steep cliff SW 60-90 Ex
14 | Stitislet 0-42 Crevices in rocky wall SW 90 Ex
16 | Lenga (cape) 2-56 Crevices in rocky wall S 90 Ex
17 | Zavrti 0-32 Steep rock, overhang SW 0-120 Ex
18 | Rat Tojsti (cape) 0-40 Steep rock SW 45-90 Ex
20 | Hljeb (cape) 0-20 Rock, boulders SW 0-90 Ex
22 | Sikjerica (cape) 0-7 Gravel, rock SE 0-40 Mo
23 | Galijica islet 0-8 Gravel, rock, sand, litter S 20 Sh
28 | Glavat (island) 0-44 Rock, gravel, sand Y 10-70 Mo
29 | Debeli rat (cape) 0-47 Gravel, rock, sand NW 20-90 Mo
30 | Rat Glavat (cape) 0-47 Rock, sand N 40-90 Ex
31 | Glavat (island) 3-20 Rock, sand E ?-90 Mo
40 | Rat Lenga (cape SW) 0-16 Rocky wall SW 90 Ex
41 | Tijesno (strait) 0-32 Rock, sand S 30-90 Sh
45 | Tratinica (cove) 0-29 Rock, sand N 0-80 Sh
46 | Kobrava (island) 0-40 Rock, sand S 45-90 Sh
49 | Zazupci (cape) 5-10 Steep holloved wall N 70-90 Ex
51 | Rastupa (cape) 0-45 Steep rock, cliff NE 45-80 Ex
53 | Veli Most (cove) 0-27 Rock, sand, coral reef E 30-90 Sh
55 | Pristaniste 0-18 Gravel, rock, sand S 10-20 Sh
59 | Vratosolina 0-2 Gravel, rock E 20-45 Sh

MLJ-55. Rather few probosces of individual female specimens were seen in daylight (Fig.
2), while during night dives their appearance was characterised by divers as ,,common”.
Extended probosces measured from 80-147 cm in length.

BONELLIA VIRIDIS Rolando, 1821

From a systematic point of view the green spoonworm Bonellia viridis belongs to the
phylum Echiura, class Echiuroidea, order Bonellida, family Bonellidae, and the genus
Bonellia (MURINA, 1984; BiseswaR, 2009). Previously, echiurids and sipunculids were sy-
stematized in a polyphiletic subclass Gephyrea (QUATREFAGES, 1865; BATRD, 1868; SLUITER,
1912; FiscHER, 1922), a subclass that is no longer used. It seems that in Adriatic faunistic
literature, the term gephyrean was last used by Varova (1949).
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Because of its extreme sexual dimorphysm (WiLLczyNsk, 1960) B. viridis became
known world wide, and it is cited and figures in many University text books, in diving
manuals as well as academic literature, such as HeLLER (1864) and Brusina (1907), Ze1
& ZHANEL (1947), ERcEGOVIC (1949), KAESTNER (1956), HYmAN (1959), Ra¢aNt team (1963),
RiepL (1963, 1970), SToviCEK-STIRN (1963), GAMULIN-BrIDA (1970, 1974), GARMS & BoRM
(1981), CampBeLL (1982), Zavopnik (1994), Turk (1996, 2011), ZAVODNIK & SIMUNOVIC
(1997), AnprIC (1999), Ostor¢ (2000), HorricuTER (2003), BEREC et al. (2005), ANONYMOUS
(2008), and Bakran-PeTrICIOLI (2011). The name of this species appeared even in some
encyclopaedic sources (Yugoslavian Pomorska enciklopedija: Ercecovi¢, 1954, 1959; Zki,
1955; Sovetskaja encikopedija: ANoNymous, 1989; Encyclopaedia Britannica: Pickrorp,
1966; Fauna Europe: GaArMs & BormM, 1981; Zivalstvo Slovenije: SkeT et al., 2003; Wikipe-
dia, the free encyclopedia: ANonYMouUs, 2016).

With regard to its geographic distribution the species B. viridis was recorded in the
eastern Atlantic from Norway and Ireland to the Azores, Canary Islands, Congo, and
along the Namaqualano desert coast in Namibia (Murina, 2008). It also was recorded
in the Mediterranean and Red Seas, and in the Indian and Pacific Oceans (WIKIPEDIA
ENCYCLOPAEDIA, 2016). Its depth distribution is from 0-50 m in the Adriatic Sea, and to
about 100 m in the Mediterranean (absent in the Black Sea — ZEnkeviIC, 1963; ANONYMO-
us, 1989). Maximum depths noted in other world seas are about 400-2250 m (MURINA,
1984; Biseswar, 2009; WIKIPEDIA ENCYCLOPAEDIA, 2016). Consequently, B. viridis is a su-
bcosmopolitan species, recorded in tropical and temperate seas (MuriNa, 1984), most of
all in littoral and circumlittoral zones (P£rEs & Picarp, 1964; present paper). The distri-
bution of Bonellia in the Adriatic Sea recently was reviewed by Zavopnik (1994), and
along the Italian coast by ANonymous (2008).

In the eastern Adriatic, which is characterised by numerous islands, reefs and coves,
nocturnal females occur everywhere in sheltered spaces in unpolluted hard bottom
habitats, such as free spaces amongst large gravel and loose stones, below boulders, in
genuine rock and cliff crevices (ZiMmMERMANN, 1907; Brusina, 1907; STeuEr, 1910; Cori,
1928; ErceGoviC, 1949; GAMULIN-BRIDA, 1974; ZanTILA et al., 2000; present paper), and in
shallow water caves (Riepr, 1966). Much more rarely, it was observed in littoral algal
associations and sea grass meadows, or in burrows and shells of dead sessile animals
(Cori, 1912, 1928; BAUER, 1928; SCHEMBRI & JACCARINT, 1978; ZAVODNIK & éIMUNOVI(f, 1997;
BakraN-PeTrICIOLI (2011); present paper). Surprisingly, B. viridis females’ presence was
noticed within antique amphorae (P1carp, 1956). However, in the course of similar re-
search conducted in the northern Adriatic, no Bonellia was found (Lecac, 1974).

Green spoonworm females feed on organic detritus and small benthic animals killed
by venomous mucus that is not dangerous to man (MaRreti¢, 1975). In spite of the large
adult female proboscis, in the Adriatic area this species was never fished or consumed
by the inhabitants (FaBEr, 1883; Baki¢, 1967; Zavopnik, 1997), even in times of starvation
during war conditions (Baki¢ & Porovi¢, 1983).

As far as is known to the present writer, B. viridis is nowhere considered to be an
endangered species or protected by law.

DISCUSSION AND CONCLUSIONS

The echiuran worm Bonellia viridis is the only species of this genus registered in the
Adpriatic Sea. Another species of the family Bonellidae is Maxmuelleria gigas M. Miiller,
1852, which lives in sediments and has been reported from some north Adriatic offsho-
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re and channel stations (VaTova, 1928; Murina, 1984; Zavopnik, 1994; Rerini, 2008).
According to present knowledge, this second species perhaps is endemic in the area
studied (Murina, 1984; Sker et al., 2003; ANonymous, 2008).

The first critical review of the B. viridis distribution in the Adriatic Sea was provided
by Carus (1885) who highlighted the collections of biological material from the areas of
Losinj and Cres Islands. In his time the only way of finding B. viridis was by the visual
observation of seamen, or the occasional catch of specimens. An annotated discussion
of knowledge on these matters was presented in a concise review on Adriatic Echiura
and Priapulida (Zavopnik, 1994). The general distribution patterns of B. viridis in Euro-
pean seas were recently reviewed by VAN DEr LanD (2001) and Biseswar (2009).

In the Adriatic territorial waters of Italy, Echiurids were reviewed recently by Bianchi
and Castelli (ANonYMous, 2008), and in Slovenia by MaTjaSIC & Stirn (1975), and SkeT
(2003). Apparently, no recent information is available from the coasts of Bosnia and
Herzegovina, and Montenegro. From the sea off Albania some records were provided
by ScHEMBRI & JaccaRINI (1978), and Drora (2009).

New records of the presence of females in Croatian waters from two decennia ago
(ZavopNik, 1994) have to be added: Brioni National Park (Veli Brijun Island: Saluga cape,
and coves named Dobrika, Javorika, and Verige); Rasa Bay (Ubac, Mulac, Tunarica,
Prascarica) (ZAvODNIK & ZAVODNIK, 1986); Rijeka Bay: Mosc¢enicka Draga cove (ZAvVODNIK
& ZAVODNIK, 1994); Kvarneri¢: Pag Island and Skrda Islet (ZavopNix et al., 2006); Dugi
otok Island (Telasc¢ica Bay: Farfarikulac islet); Kornati Archipelago (islets named Balun,
Kasela, Lavsa, Levrnaka, Lunga, Mana, Panitula, Rasip, Ravni Zakan), and Kornat Island
(Statival cove); Mljet National Park (present paper); Velika Palagruza Island (Veliko zalo,
Stara vlaka); Peljesac peninsula (Trpanj); BiSevo Island (Modra Spilja), and Lastovo Island
(ANDRIC, 1999: Baske stijene; Zavopnik: Skrivena luka) (present paper: Fig. 3; Tab. 2).

The type material of the species was collected from the Sardinian littoral (RoLanDo,
1828), and in part in the Bay of Trieste, the Losinj archipelago, and the Vis Island (Sch-
MARDA, 1852; Carus, 1885). After the sensational discovery and description of the sexu-
al dimorphism of B. viridis, the species’ behaviour and habitats were studied. It was
confirmed that the females are typical cryptobenthic organisms that live sheltered in
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N

Fig. 3. Bonellia viridis recorded in Croatia. New sites not noted in review by Zavopnik (1994)
are marked by triangle (A).
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Tab. 2. New finding spots of Bonellia viridis females in Croatia not reviewed previously
(ZavopNik, 1994). Habitat abbreviations: Alg — Algae, seaweeds; cor — coralligenous bottom;
Cym - Cymodocea nodosa; Pos — Posidonia oceanica.

Survey areas and sites Location type Depth (m) Habitats surveyed
surveyed
VELI BRIJUN island 0-8 rock (Alg), sand (Cym)
Rt Saluga cape 1-8 rock (Alg)
Javorika cove 0-4 rock (Alg), sand (Cym)
Verige cove 2-5 rock (Alg)
ZALJEV RASA bay 0-23 rock, gravel, sand, mud
Rt Ubac cape 1-6 rock (Alg)
Rt Mulac cape 10-20 rock (Alg), gravel
Tunarica cove 0-10 rock, stones (Alg)
Luka cove 8-20 stones (Alg), sand
Prascarica cape 2-23 rock (Alg)
RI]ECKI ZALJEV bay 0-62 rock, gravel, sand, mud
Moscenicka Draga cove 1-5 rock, pebbles
DUGI OTOK island 1-13 rock (Alg), sand (Cym)
Farfarikulac islet 2-4 rock (Alg), sand
KORNATSKI OTOCI archipelago 0-105 rock, cor, sand, mud
Balun islet 1-3 rock
Kasela islet 0-12 rock (Alg), cor
Kornati (Statival) cove 0-13 rock (Alg), gravel,Pos
Lavsa islet 0-25 rock (Alg), gravel, Pos
Levrnaka islet 0-12 rock (Alg)
Lunga islet 2-5 rock (Alg)
Mana islet 0-65 rock (Alg), (cor)
Mala Panitula islet 0-12 rock (Alg)
Rasip islet 0-75 rock (Alg, cor)
Ravni Zakan islet 13-35 Pos bed
ROGOZNICA harbour 1-6 rock (Alg)
BISEVO island 0-6 rock (Alg)
Modra $pilja cave 1-5 barren rock
VELIKA PALAGRUZA island 0-28 rock, stones, sand
Veliko zalo beach 0-2 rock, pebbles
Stara Vlaka cove 1-4 rock, stones
PELJESAC peninsula 0-6 rock, sand
Trpanj moorings 0-3 mooring wall
MLJET island 0-95 rock, sand, cor
National Park beach, islets 0-56 present paper
LASTOVO island 0-7 rock, sand
Skrivena luka cove 3-7 rock, sand
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tight crevices and spaces below free stones, boulders, and concrete constructions, and
in cliffs (RiepL, 1966). In the sea of Mljet National Park, Bonellia lives in various sheltered
places in benthic communities. It frequently benefits from the empty borings of the date
mussel (Lithophaga lithophaga) (STEUER, 1910), it occurred in madreporarian coral Clado-
cora caespitosa bioherms (KruZzi¢, 2001, 2002), in shallow water associations of barnacles
Balanus perforatus, and in some subtidal seaweed settlements (present paper). Unfortu-
nately, due to lack of time in the course of our biocoenological research we have not
looked for planktonic larvae and dwarf males of this species (Schmarpa, 1852; VEYDOV-
sky, 1878) living as internal parasites in females.

Consequently, in Croatian shallow waters in the eastern Adriatic rocky bottom B.
viridis everywhere is a well distributed benthic species, i.e. in the North, Central, and
South basins.
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SAZETAK

Morska fauna Nacionalnog parka Mljet (Jadransko more, Hrvatska).
7. Strcaljci (Echiura)

D. Zavodnik

Prema dosadasnjim saznanjima stablo Strcaljaca (Echiura) u Jadranskom je moru zastu-
pljeno sa samo jednom porodicom (Bonellidae) i dvjema vrstama: Bonellia viridis Rolando,
1821, na stjenovitom dnu plitkog priobalnog podrudja, te Maxmuelleria gigas (M. Miiller, 1852)
koji se zakapa u dubljim podrudjima pomicnog uglavnom pjeskovitog dna. Zanimljivo je da
tipski materijal obje vrste dijelom potjece i s nalazista u sjevernom dijelu Jadranskog mora
(Carus, 1885).

Prilikom istrazivanja studentske udruge ,Thais” u moru Nacionalnog parka Mljet, roni-
oci su u dnevnim i noénim zaronima ¢esto naisli na obitavalista zelenog Strcaljca Bonellia
viridis, ponajvise u procjepima izmedju stijena i kamenja, u busotinama drugih organizama
(na primjer prstaca Lithophaga lithophaga) pa Cak i u nakupinama brambuljka Balanus perfora-
tus.



