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Lithistid Demosponges of Deep-Water Origin in Marine Caves of the North-Eastern Mediterranean Sea












	 
	ORIGINAL RESEARCH
published: 04 February 2021
doi: 10.3389/fmars.2021.630900





[image: image]

Lithistid Demosponges of Deep-Water Origin in Marine Caves of the North-Eastern Mediterranean Sea

Andrzej Pisera1* and Vasilis Gerovasileiou2

1Institute of Paleobiology, Polish Academy of Sciences, Warsaw, Poland

2Hellenic Centre for Marine Research (HCMR), Institute of Marine Biology, Biotechnology and Aquaculture (IMBBC), Heraklion, Greece

Edited by:
Joana R. Xavier, University of Porto, Portugal

Reviewed by:
John Hooper, Queensland Museum, Australia
Vacelet Jean, UMR 7263 Institut Méditerranéen de Biodiversité et d’Ecologie Marine et Continentale (IMBE), France

*Correspondence: Andrzej Pisera, apis@twarda.pan.pl

Specialty section: This article was submitted to Deep-Sea Environments and Ecology, a section of the journal Frontiers in Marine Science

Received: 18 November 2020
Accepted: 07 January 2021
Published: 04 February 2021

Citation: Pisera A and Gerovasileiou V (2021) Lithistid Demosponges of Deep-Water Origin in Marine Caves of the North-Eastern Mediterranean Sea. Front. Mar. Sci. 8:630900. doi: 10.3389/fmars.2021.630900

Desmas-bearing demosponges known as lithistids have heavily silicified skeleton and occur typically in bathyal environments of warm and tropical areas but may be found in certain shallow marine caves. Here we report, for the first time two lithistid species, i.e., Neophrissospongia endoumensis, and N. cf. nana, that were earlier known from Western Mediterranean marine caves, from four marine caves in the north-eastern Mediterranean, and their congener Neophrissospongia nolitangere from deep waters (ca. 300 m) of the Aegean Sea. All marine caves, and sections within these caves, where lithistids occur, have freshwater springs. We interpret this surprising association between lithistids and freshwater input by elevated concentration of silica in water in cave sections where such springs occur, being 8–11 times higher in comparison with shallow water outside caves, and comparable to that of deep waters, that promoted lithistids’ development. One of the studied caves harbored an abundant population of N. endoumensis which formed large masses. The age estimation of these lithistids, based on known growth rate of related deep-water sponges, suggest that they could be approximately 769–909 years old in the case of the largest specimen observed, about 100 cm large. These sponges could have colonized the caves from adjacent deep-water areas not earlier than 7,000–3,000 years ago, after the last glaciation, because earlier they were emerged. High variability of spicules, especially microscleres, and underdevelopment of megascleres may be related to silicic acid concentration.
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INTRODUCTION

Lithistids are those demosponges of various systematic position with “rocky” choanosomal skeleton [hence their name derives from the Greek word “λ[image: image]θoς” (lithos) meaning stone], that consist of articulated, more or less regular and usually strongly sculptured spicules called desmas. They inhabit mostly waters deeper than 100 m to about 2000 m, but some species occur also in shallow-water settings (Zea, 1987), including coral reefs (Vacelet and Vasseur, 1965; Hall et al., 2014), and marine caves (Pisera and Vacelet, 2011; Gerovasileiou and Voultsiadou, 2012).

The Mediterranean lithistid fauna includes 13 species of which 10 have been recorded in marine caves. These are Aciculites mediterranea Manconi et al., 2006, Desmanthus incrustans (Topsent, 1889), Discodermia polymorpha Pisera and Vacelet, 2011, Gastrophanella phoeniciensis Perez et al., 2004, Microscleroderma lamina Perez et al., 2004, Neophrissospongia endoumensis Pisera and Vacelet, 2011, N. nana Manconi and Serusi, 2008, Neophrissospongia nolitangere (Schmidt, 1870), Neophrissospongia radjae Pisera and Vacelet, 2011, and Neoschrammeniella bowerbankii (Johnson, 1863). The remaining three species that have not been reported from marine caves, but mostly from deep waters, are: Leiodermatium lynceus Schmidt, 1870, Leiodermatium pfeifferae (Carter, 1873), and Siphonidium ramosum (Schmidt, 1870). Therefore, the marine cave environment seems to be particularly favorable for lithistids, harboring 77% of the Mediterranean lithistid diversity, including six endemic species which are known only from a single marine cave but not from other habitats – at least so far – and could be considered cave-exclusive sensu lato (Gerovasileiou and Voultsiadou, 2012).

The problem with specific attribution of many lithistid sponges is the fact that numerous species are known only from a single, or two specimens and no systematic studies of intraspecific variability or/and environmental variability in their morphology exist. Even more it concerns their spiculation, that, in the case when more specimens are known, good SEM photos are available only for one specimen. Atop of these problems is the fact that particular regions in the same specimen, that differ in structure and function, differ also in details of desma morphology and ectosomal spicules types (see for example Theonella wrightae in Pisera and Pomponi, 2015; A. Pisera unpublished observations). Thus, one may suspect that some lithistid species may in fact be only environmental variants of earlier described species. Another problem is that only well oriented samples showing the surface of desma skeleton can be compared, and random cut surface of choanosomal skeleton shows apparently chaotic desma articulation (what is not true). A separate question concerns microscleres which often exhibit high variability that should be assessed independently.

Mediterranean lithistid records are generally few and geographically scattered (Van Soest et al., 2020), mostly from the northern section of the basin, with some exceptions (e.g., Perez et al., 2004). Although the sponge fauna of the Aegean Sea (north-eastern Mediterranean), and particularly its Greek waters, is the most comprehensively studied in the eastern Mediterranean basin (Voultsiadou, 2005a, b, 2009; Voultsiadou et al., 2016), only two lithistids have been recorded in this area. These are Discodermia polymorpha, reported asDiscodermia polydiscus (Bowerbank, 1869) from several locations, at a depth range of 10–360 m, including marine caves (Voultsiadou, 2005a, b; Pisera and Vacelet, 2011), and Leiodermatium lynceus, collected at 207 m depth, off Epidaurus (Peloponnese, southern Aegean Sea) by Vamvakas (1970). More recently, another lithistid, belonging to the genus Neophrissospongia was reported from a semi-submerged marine cave in Agios Efstratios Island, northern Aegean Sea (Dimarchopoulou et al., 2018).

During the last decade, numerous marine caves have been studied in the north-eastern Mediterranean Sea, shedding light on new records and new sponge species (Gerovasileiou et al., 2015; Lage et al., 2018, 2019). The discovery of lithistids from marine caves with freshwater input coupled with the acquisition of material from deep waters constitute the basis of this work. This study aims at (a) describing for the first time lithistid demosponges collected from shallow marine caves of the north-eastern Mediterranean Sea; (b) investigating environmental factors that potentially control their distribution and occurrence; and (c) comparing congeneric lithistids from marine caves and deep waters of the north-eastern Mediterranean Sea.



MATERIALS AND METHODS

During the last decade, approximately 40 marine caves and cave groups (i.e., sites with several caves and tunnels, sometimes connected) have been surveyed in the north-eastern Mediterranean Sea, and mostly in the island-dominated Aegean Archipelago, within different expeditions (Gerovasileiou et al., 2015; Sini et al., 2017; Galani et al., 2019). Lithistid sponges were found and collected from three marine caves (Figure 1) located on both northern and southern coasts of Crete (Aegean Sea: Blue Cave; Libyan Sea: Lithistid and Italian caves) and one cave (Trypia Spilia) in the isolated Agios Efstratios Island, northern Aegean Sea. The fact that the common feature between these marine caves was the presence of internal freshwater springs led us to collect water samples from the entrance zone and the internal freshwater springs in two of these caves (three replicates from each zone) in order to measure silicate concentration. In addition, the acquisition of a lithistid sample collected by the MEDITS Survey from deep waters of the south-eastern Aegean Sea, provided additional material allowing for comparisons between congeneric lithistids from marine caves and deep waters in the same ecoregion. Descriptions for each sampling site and event are provided below.
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FIGURE 1. Locations of the studied specimens in the north-eastern Mediterranean Sea (A–C) and other discussed occurrences of lithistid demosponges in Mediterranean marine caves (A).


Two caves are located on the south coast of Crete (Libyan Sea), close to each other (ca. 80 m away), within the marine area of the National Park of Samaria, in Sfakia area: the “Lithistid Cave” (named after this work) and the Italian Cave. The Lithistid Cave (35.2008°N, 24.1191°E) is a large, semi-submerged tunnel cave (0–6 m deep). Lithistids develop in the semi-dark and dark zones of the cave, where freshwater springs are present, at a distance of 15–40 m from the main semi-submerged entrance and 5 m from the second submerged entrance of the tunnel. The highest lithistid abundance and biggest specimens were observed in areas with freshwater mixing and close to freshwater springs. Mean silicate concentration at the internal cave zone was 7.170 μM ± 1.244 (SD) versus 0.663 μM ± 0.042 (SD) at the cave entrance. The cave harbors a rich sessile benthic community (high sponge abundance and cover) that is highly diversified from other marine caves of the north-eastern Mediterranean, possibly due to the influence of freshwater influx (Galani et al., 2019). The Italian Cave (35.2013°N, 24.1198°E) is a large, submerged cave with an internal air pocket. Its entrance is located at 8–12 m depth and leads to a narrow corridor, descending to 18 m depth, which separates the entrance zone from the internal cave chamber that is filled with cool fresh water. While this chamber is seemingly azoic, the cave entrance hosts rich benthic fauna, with a few small-sized lithistids developing on the overhanging walls and ceiling of the entrance, in proximity to small crevices of freshwater influx. No silicate measurements were made due to the small size of crevices and rapid water mixing. The water temperature in both Italian and Lithistid caves was 25–26°C (measured with a SUUNTO dive computer in July 2016 and August 2017) while it was ten degrees lower (16°C) in the internal freshwater chamber of the Italian Cave.

The Blue Cave is a large semi-submerged cave (0–17 m) located at Agia Pelagia area (35.4198°N, 24.9794°E), on the north coast of Crete (Figure 1). The cave hosts a rich sessile benthic community, including one new homoscleromorph sponge species that was recently described by Lage et al. (2018) from a dark sub-vertical tunnel descending from the cave bed. Few lithistids developed in a narrow crevice with freshwater influx, in the terminal section of the cave, at a depth of 3–4 m (Figure 2A). Mean silicate concentration at the opening to this crevice was 3.280 μM ± 1.365 (SD) versus 0.427 μM ± 0.137 (SD) at the cave entrance. Water temperature inside the cave was 25°C (measured with a SUUNTO dive computer in July 2017).
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FIGURE 2. In situ underwater photos of Neophrissospongia endoumensis Pisera and Vacelet, 2011. (A) Blue Cave, northern Crete; (B–F) Lithistid Cave, southern Crete. Photos by V. Gerovasileiou.


Trypia Spilia (meaning hollow cave in Greek) is a largesemi-submerged tunnel on the western coasts of Agios Efstratios Island (39.5349°N, 24.9777°E), northern Aegean Sea. The cave is characterized by a complex geomorphology and hosts a rich sessile benthic community that have been described in detail byDimarchopoulou et al. (2018). The presence of freshwater input dropping from theemerged ceiling and influx from springs in the shallow cave bed (1–2 m deep) was observed during sampling in July 2011, but not in earlier expeditions (August 2009), indicating a sporadic andephemeral character (V. Gerovasileiou, personal observation). Lithistids were found on the walls and floor of the semi-dark cave zone (10–30 m from the two entrances of the tunnel), where freshwater influx was observed. They had a mean surface cover of 0.4% throughout the cave and a maximum cover of 5.5%, count in 25 cm × 25 cm photoquadrats (Dimarchopoulou et al., 2018). The water temperature in the marine cave was 22–24°C (measured with a HOBO data logger in August 2009 and a SUUNTO dive computer in July 2011).

A deep-water lithistid was trawled during the 2018 MEDITS Survey in the frame of the Greek National Data Collection Project from a depth range of 313–352 m, off Tilos Island, in the Dodecanese Islands’ marine region, south-eastern Aegean Sea (Trawl start: 36.3534°N, 27.1804°E, depth: 313 m, Temp: 14.76°C; Trawl end: 36.3375°N, 27.1976°E, depth: 352 m, Temp: 14.72°C).

The sampled material was investigated morphologically under the binocular microscope, as well as under SEM. Preparation of samples followed that described by Pisera and Pomponi (2015). Samples for SEM analyses were sputter-coated with platinum and observed at 25 kV using a Philips XL-20 scanning electron microscope (Institute of Paleobiology, Warsaw). The investigated material is housed in the Institute of Paleobiology, Warszawa, under the collection number ZPAL Pf. 30.



RESULTS


Systematic Description

Order TETRACTINELLIDA Marshall, 1876

Suborder ASTROPHORINA Sollas, 1887

Family CORALLISTIDAE Sollas, 1888

Genus Neophrissospongia Pisera and Lévi, 2002


Type species

Corallistes nolitangere Schmidt, 1870



Remarks

There are four Neophrissospongia species reported from the Mediterranean Sea: N. nolitangere (Schmidt, 1870), N. endoumensis Pisera and Vacelet, 2011, N. radjae Pisera and Vacelet, 2011, and N. nana Manconi and Serusi, 2008. Other two known species, i.e., Neophrissospongia microstylifera Lévi and Lévi 1983 and Neophrissospongia galapagoensis Schuster et al., 2018, are reported from the Pacific. The species N. nolitangere was earlier reported from marine caves in the western Mediterranean but occurs also in the northern Atlantic Ocean (Azores, Madeira, Selvagens, and Canary Islands) (Cruz, 2002; Pisera and Vacelet, 2011; Carvalho et al., 2020). The report of N. cf. nolitangere form the Caribbean Sea (Pomponi et al., 2001) concerns most probably a new, yet undescribed species (A. Pisera, unpublished data). On the other hand, Neophrissospongia tubulata (van Soest and Stentoft, 1988) does not belong to Neophrissospongia (it represents a new undescribed genus – A. Pisera, unpublished).

The species N. endoumensis is known from a single marine cave in the western Mediterranean Sea (Pisera and Vacelet, 2011); N. nana occurs in a single marine cave in Sardinia, western Mediterranean (Manconi and Serusi, 2008) while N. radjae is known from a single marine cave in the Adriatic Sea (Pisera and Vacelet, 2011). Among those known from the Mediterranean and the Atlantic, two species (N. radjae and N. nana) have different habitus, i.e., either massive club shaped (N. radjae) or encrusting (N. nana); thus they are clearly different from our material from the north-eastern Mediterranean Sea. N. nolitangere may be ear-shaped to forming large folded masses (exactly like to studied specimens) while N. endoumensis, when small (only such specimen is known), is cup-shaped and can be developed to folded masses when large (this study). Also, the characters of exhalant and inhalant surfaces are similar in those two species not allowing for easy differentiation. The situation is not simpler in the case of skeletal characters: all these species have very similar dicranoclone desmas, streptaster-spiraster ectosomal microscleres, and microtylostyle choanosomal microscleres; differences between these two species are in small details.



Neophrissospongia endoumensis Pisera and Vacelet, 2011, Figures 2, 3A–G, 4–9.
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FIGURE 3. Morphology of studied specimens. (A–G) Neophrissospongia endoumensis Pisera and Vacelet, 2011. (A–C) Specimen ZPAL Pf. 30/1, fragments, Lithistid Cave, southern Crete. (A,C) Exhalant surface view; (B) Inhalant surface view; (D,E) Specimen ZPAL Pf. 30/2, Blue Cave, northern Crete; (D) Exhalant surface view; (E) Inhalant surface view; (F,G) Specimen ZPAL Pf. 30/3, Italian Cave, southern Crete complete contorted specimen in different views. (H–J) Neophrissospongia nolitangere (Schmidt, 1870), fragmentary specimen ZPAL Pf. 30/4, deep Aegean Sea, off Tilos Island [(H–J) inhalant surface views; (J) top view of a folded fragment].
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FIGURE 4. Neophrissospongia endoumensis, Pisera and Vacelet, 2011, Blue Cave, northern Crete. (A,B) Exhalant surface of the choanosomal skeleton of dicranoclone desmas, with system of canals corresponding to oscular openings (A); (C,D) Inhalant surface of the choanosomal skeleton of dicranoclone desmas; (C) General view showing net-like structure; (B) Details of articulated dicranoclones.
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FIGURE 5. Neophrissospongia endoumensis Pisera and Vacelet, 2011, Blue Cave, northern Crete. (A) Sculpture of dicranoclone desmas of the inhalant surface; (B) Young dicranoclone and ectosomal dichotriaenes inserted among desmas of choanosomal skeleton, exhalant surface; (C,D) Sculpture of dicranoclone desmas of the exhalant surface.
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FIGURE 6. Neophrissospongia endoumensis Pisera and Vacelet, 2011, Blue Cave, northern Crete; (A–E) Streptasters-spirasters microscleres; (F–L) Choanosomal microtylostyles, general view (F,H,J,L), heads (G,I,K); Ectosomal dichotriaenes in side view (M,N,O) and oblique view (P).
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FIGURE 7. Neophrissospongia endoumensis Pisera and Vacelet, 2011, Lithistid Cave, southern Crete. (A,B) Choanosomal skeleton on the exhalant surface. (A) General view of choanosomal desma skeleton with canal openings corresponding to oscula. (B) Details of dicranoclones desmas articulation and sculpture on the surface; (C,D) Choanosomal skeleton of dicranoclone desmas on inhalant surface; (C) Net-like organization of dicranoclone desmas and (D) details of dicranoclone desmas.



[image: image]

FIGURE 8. Neophrissospongia endoumensis Pisera and Vacelet, 2011, Lithistid Cave, southern Crete; Exhalant surface of the choanosomal skeleton. (A) Young desma inserted in a large mesh formed by fully developed desma; (B) Strongly arched and sculptured dicranoclone desma as seen in oblique view; (C) Strongly sculptured dicranoclone desmas as seen from the top; (D) Top surface of the cladome of the dichotriaene in situ; note that one arm is partly articulated with choanosomal skeleton of dicranoclones.
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FIGURE 9. Neophrissospongia endoumensis Pisera and Vacelet, 2011, Lithistid cave, southern Crete. (A–E) Streptasters-spirasters microscleres; (F–K) Choanosomal microtylostyles, general view (F,G,H), and their heads (I,J,K); (L–N) Ectosomal dichotriaenes in slightly oblique view.


N. endoumensis Pisera and Vacelet, 2011: 27, Figures 2H–J, 13–15 and Table 1.


Material Examined

Blue Cave, Agia Pelagia area, north coast of Crete (one specimen – collected on 11 July 2017 by Vasilis Gerovasileiou and Guilherme Muricy); Italian Cave, Sfakia, south coast of Crete (one specimen – collected on 19 August 2017 by Vasilis Gerovasileiou); Lithistid Cave, south coast of Crete (three fragmentary specimens – collected on 11 July 2016 by Vasilis Gerovasileiou and Thanos Dailianis).



Description

In habitus all investigated specimens are very similar (observed in situ in the caves mostly) being cup- to ear-shaped when small (Figure 2C), later they form large (up to 100 cm × 40 cm) folded masses with some cup-trumpet-tubular elements (Figures 2B,D–F). The investigated specimen from the Blue Cave is a complete slightly folded plate about 12 cm × 10 cm; it has wall with rounded margins and is about 1.2 cm (Figures 3D,E). The other specimen from the Italian Cave, southern Crete, measuring 11 cm × 9 cm, is more irregularly folded and complex (Figures 3F,G). There are three fragmentary specimens (fragments of larger folded sponges) investigated from the nearby Lithistid Cave that measure about 6 cm × 5 cm, and 1.4 cm thick wall; 8 cm × 6 cm large and 1.5 cm thick wall and 5 cm × 5 cm large and 1.5 cm thick wall (Figures 3A–C). In all specimens one side (inhalant) is smooth (Figures 3A,E,F), except faint growth lines, and display small 30–50 μm in diameter ostia that are densely distributed over most of the surface. They are vaguely grouped above underlying meshes of choanosomal skeleton. The other surface (upper one) displays round, about 0.5–1 mm large openings (oscula) that are at the level with sponge surface or in some regions slightly raised (Figures 3A,C,D). In furrows of the folds these openings are slightly larger, up to 2 mm in size and much more densely located.

In all studied specimens choanosomal skeleton consists of strongly tuberculated and arched dicranoclones that are approximately (it is difficult to measure articulated spicules) (285 μm minimum) 333–446 μm on average in size (see Table 1 for differences in specimens from particular caves). Dicranoclones form dense irregular choanosomal skeleton on the exhalant side (Figures 4A,B, 7A,B) and less dense, in the form of less regular net, on the inhalant one (Figures 4C,D, 7C,D). On exhalant surface of choanosomal skeleton openings (about 1 mm in size) corresponding to oscula are visible; often they are surrounded by irregularly radial furrows in the surface of the skeleton (Figures 4A, 7A). Dicranoclones densely covered (especially on exhalant side) by large, mushroom shaped tubercles that may bear smaller low tubercles (Figure 5). Ectosomal dichotriaenes with massive clades, and strongly tuberculated upper surface of the cladome; they are covered with numerous densely packed, vertically pointed, tubercles that bear (are divided into) several spines on their top. Cladomes are between 181 and 349 μm in diameter (it varies between particular caves: see Table 1). Rhabdomes are 434–766 μm long (see Table 1) and 30.8–55.0 μm thick at the top and with rounded lower tip.


TABLE 1. Spicules size of the studied sponges and other conspecific known material.

[image: Table 1]
Microscleres are of two types: choanosomal spinose microtylostyles, and massive streptasters/spirasters with short and thick arms covered with triangular low spines, concentrated in the ectosome. Microtylostyles are from 64.4 to 99.2 μm long and 1.21 to 2.89 thick, while streptasters/spirasters size varies between 10.3–17.5 × 9.8–14.2 μm (see Table 1).



Remarks

The investigated specimens differ from the holotype, the only one earlier known specimen that is cup-shaped, by forming large folded masses. This difference follows, most probably, from the fact that the holotype is much smaller/younger. Otherwise, all characters of the specimens from Crete are the same as in the holotype. Dichotriaenes in our material have slightly larger cladomes and longer rhabdomes; on the contrary microtylostyles may be longer in the holotype, and slightly larger are streptasters, but in all cases their size overlaps in part with our material. In all the studied caves several motile invertebrates (e.g., crinoids, sea urchins, and gastropods) were sheltering in the cavities of the lithistids’ folded plates while small-sized sessile taxa (e.g., brachiopods attached to exposed dead fragments of choanosomal skeleton, and thinly encrusting sponges) developed on the lithistids’ hard surface. Therefore, Neophrissospongia seems to have an important ecosystem engineering role in the marine cave ecosystem, providing micro-habitats to various taxa.

This species is very similar to N. nolitangere, being identical with it in habitus. The difference is in details of spiculation, mostly character of streptasters/spirasters and ectosomal dichotriaenes. Streptasters are more massive, regular and with shorter arms and larger in N. endoumensis than in N. nolitangere. Dichotriaenes in N. endoumensis have more complex and massive cladomes while its desmas are more massive, often with swollen central part, while in N. nolitangere they are rather linear. Anyway, these differences are small and great intraspecific variability, as shown by specimens from different caves (Table 1), allows to raise the question if these two nominal species are not only ecophenotypic variants (cave versus deep-water) of the same species (see section “Discussion”). These aspects should be investigated in detail, especially by systematic study of spicules variability contrasted with silica contents of sea water, and by molecular methods. Finally, it is worth to mention that similar problems to interpret variations in morphology have been encountered in case of different populations (especially bathyal and shallow water cave populations) of the sphinctozoan sponge Vaceletia having calcareous skeleton (Vacelet et al., 1992; Wörheide and Reitner, 1996; Vacelet, 2002).



Neophrissospongia nolitangere (Schmidt, 1870), Figures 3H–J, 10–12 and Table 1.
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FIGURE 10. Neophrissospongia nolitangere (Schmidt, 1870), south-eastern Aegean Sea (deep-water), off Tilos Island; Exhalant surface of the choanosomal skeleton. (A) General view of choanosomal desma skeleton with canal openings corresponding to oscula; (B,C) Details of dicranoclone desmas articulation and sculpture; (D) Ectosomal dichotriaenes in situ.
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FIGURE 11. Neophrissospongia nolitangere (Schmidt, 1870), south-eastern Aegean Sea (deep-water), off Tilos Island. Inhalant surface of the choanosomal skeleton; (A) General view of choanosomal skeleton to show irregular net; (B,C) Details of dicranoclone desmas articulation and sculpture; (D) Ectosomal dichotriaene in situ, among desmas.
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FIGURE 12. Neophrissospongia nolitangere (Schmidt, 1870), south-eastern Aegean Sea (deep-water), off Tilos Island. (A–E) Choanosomal microtylostyles, general view (A,B) and their heads (C–E); (F–H) Ectosomal dichotriaenes in lateral view; (I,J) Streptasters.


Neophrissospongia nolitangere (Schmidt, 1870);
Pisera and Vacelet, 2011: 26 cum syn., Figures 2C–G, 10–12 and Table 1; Carvalho et al., 2015: Figure 2B.


Material Examined

Aegean Sea; deep-water specimen from a depth of 313 to 352 m, off Tilos Island (Dodecanese Islands, southern Aegean Sea) (Figure 1). Collected on 12 July 2018 by Panagiota Peristeraki.



Description

The fragmentary specimen is about 9 cm × 6 cm large and represents a folded/contorted plate-like sponge with rounded margins; thickness of the wall is about 1.2 cm. One side smooth, with ostia, that are about 3–40 μm in diameters and organized in a vague field above underlying meshes of choanosomal skeleton. The opposite (exhalant) side with numerous oscula, about 0.7–1 mm in diameter, with slightly raised margins; they are evenly distributed over the entire surface.

Choanosomal desmas are strongly tuberculated dicranoclones (tubercles are mushroom-shaped, may be divided into low smaller tubercles) and arched, rather linear, and are 296–360 μm in size. They form irregular and dense net with small meshes on the exhalant surface, and irregular net with larger, 0.5–0.6 mm wide meshes on the inhalant surface.

Ectosomal dichotriaenes with regular and not branched (except slightly on tips) clades that bear on the upper surface numerous tubercles and spines (toward the tips) that may be divided into smaller spines. Cladomes are 299–411 μm in diameter, while rhabdomes are 543–904 μm long.

Microscleres are of two types: choanosomal spinose microtylostyles, and massive streptasters/spirasters with short and thick arms covered with triangular low spines, concentrated in the ectosome. Microtylostyles are from 90.8 to 116 μm long and 1.3–1.6 μm thick, while streptasters/spirasters size varies between 8–9 μm × 13–14 μm (see Table 1).



Remarks

This species is very similar in habitus to N. endoumensis described above. It differs from the investigated here specimens of N. endoumensis from Crete in details of spiculation. It has less massive clades/cladomes of the dichotriaenes that are more strongly tuberculated. Rhabdomes of the dichotriaenes are slightly longer in N. nolitangere. Meshes of choanosomal skeleton on the inhalant surface is less regular in N. nolitangere than in N. endoumensis; streptasters are smaller and less regularly developed, while microtylostyles are slightly longer and thinner than in N. endoumensis from Crete. See also remarks for N. endoumensis above.



Neophrissospongia cf. nana Manconi and Serusi, 2008, Figure 13.


[image: image]

FIGURE 13. Neophrissospongia cf. nana Manconi and Serusi, 2008, (A,B) Habitus; underwater photo of sponges in situ; (C) Choanosomal skeleton of confused and malformed dicranoclone desmas; (D) Young (not completely formed; note open axial canals) dichotriaene. Photos (A,B) by V. Gerovasileiou.


cf. Neophrissospongia nana Manconi and Serusi, nov. sp.: p. 73–76, Figures 1–4 and Table 1.


Material Examined

Trypia Spilia Cave, Agios Efstratios Island, north Aegean Sea (fragmentary specimen ZPAL Pf. 30/5 – collected on 5 July 2011 by Vasilis Gerovasileiou and Elena Akritopoulou).



Description

The studied material consists of small fragments of a small encrusting sponge found in one cave (Trypia Spilia) in Agios Efstratios Island. An original sponge is about 6 cm in max diameter, low domical and rounded in shape (Figures 13A,B). Choanosomal skeleton consists of very irregular tuberculated desmas (dicranoclones) that form very irregular (confused) choanosomal skeleton. Desmas are so irregular that they can be interpreted as pathologic/not fully developed. No microscleres were observed. Only one young (not fully developed) dichotriaene with axial canals, still not closed, has been found.



Remarks

The investigated specimens lack important characters, i.e., microscleres, and well developed dichotriaenes that are either underdeveloped or pathologic, making precise determination impossible. In habitus and irregularity of the skeleton it resembles mostly the specimens from Sardinia described as N. nana (Manconi and Serusi, 2008). We are inclined to interpret our specimen as pathologic (possibly due to low silicate content of water). The same might concern species N. nana described by Manconi and Serusi (2008).



DISCUSSION


The Provenance of the Lithistid Cave Fauna

A number of lithistid demosponges are known only from a single marine cave: Aciculites mediterranea from Grotta dei Laghi, Sardinia, Italy (Manconi et al., 2006), Gastrophanellaphoeniciensis and Microscleroderma lamina from Lithistid Cave, Chak El Hatab, Lebanon (Perez et al., 2004), Neophrissospongia nana from Grotta delle Terrazze, Sardinia, Italy (Manconi and Serusi, 2008), N. endoumensis from Grotte d’Endoume, Marseille, France (Pisera and Vacelet, 2011), N. radjae from a cave in Korčula Island, Croatia (Pisera and Vacelet, 2011), and also some undescribed species from the Canary Islands (A. Pisera, unpublished data). In the context that cave lithistids fauna consist of species often not known outside particular caves, a question arises if these species are really restricted to this habitat and evolved within the cave system, representing cave-exclusive fauna, or are just vestiges of unrecognized deep-sea populations whose larvae just colonized suitable shallow caves from some yet unknown deep-water populations. The hypothesis of cave-exclusive (stygobiotic) fauna for lithistids should be rather rejected due to the fact that some of these species occur in geographically distant and fragmented marine caves; N. radjae in a single Adriatic cave and also in Spanish (Alboran Sea) caves (A. Pisera, unpublished data), and N. endoumensis in Marseille and now in caves of Crete. Thus, exchange of their propagules between these caves seems impossible, especially if we consider time available since cave colonization (see below).

A similar hypothesis has been suggested for the demospongeLycopodina hypogea (Vacelet and Boury-Esnault, 1996), belonging to the carnivorous deep-sea family Cladorhizidae, that was first described from a submarine cave with deep-sea affinities in Marseille (Trois Pépés Cave), then was recorded in two other caves in Marseille and the Adriatic Sea (Bakran-Petricioli et al., 2007) and was recently observed to thrive in several deep-water areas in the Mediterranean Sea (e.g., Aguilar et al., 2011; Bo et al., 2020) and in the north-eastern Atlantic (Chevaldonné et al., 2015). Another typical example of deep-sea sponges known from submarine caves is the hexactinellid Oopsacas minuta Topsent, 1927 that was known from the deep western Mediterranean Sea and Trois Pépés Cave in Marseille (Vacelet et al., 1994) and was later found in caves of the Adriatic Sea and several deep-water sites in the western and central Mediterranean basins (Bakran-Petricioli et al., 2007). The usual occurrence of several deep-water or “cryptobiotic” (i.e., preferring cryptic habitats) species in caves, which originate from external marine environments but become characteristic of this particular habitat only secondarily, has been also described as “secondary stygobiosis” (Gerovasileiou and Bianchi, in press, and references therein).

Dark marine caves present several analogies with deep-sea ecosystems and have been characterized as natural “mesocosms” of the bathyo-abyssal zone, providing an easily accessible model for the study of deep marine ecosystems (Vacelet, 1996; Harmelin and Vacelet, 1997). Themain ecological features shared between marine caves and deep-sea ecosystems include the lack of light (and primary production), oligotrophy and, in some cases, density-trapped seawater which remains cold and at a nearly constant temperature all year round (Vacelet et al., 1994; Harmelin, 1997), among others. Such conditions allow for the colonization of propagules of deep-sea species which are upwelled from adjacent deep-waters; for instance, this is the casefor many bathyal species in Trois Pépés Cave, whose likely source of propagules is the nearby Cassidaigne Canyon (Vacelet et al., 1994; Vacelet, 1996; Harmelin and Vacelet, 1997). Large populations of lithistid sponges have been recently described in the deep Mediterranean Sea, specifically aggregated clumps of Leiodermatium pfeifferae on the top of seamounts off the Balearic Islands (Maldonado et al., 2015). Indications that such unrecognized deep-water populations of lithistid sponges, which may be a source of propagules for shallow marine caves, exist in the deep north-eastern Mediterranean Sea, include the here described occurrence of N. nolitangere from the south-eastern Aegean Sea (313–352 m) and photos of tetractinellids on low outcropping reefs (473 m depth), possibly Neophrissospongia, taken by a Remotely Operated Vehicle in the central Aegean Sea (Figure 15A in Bo et al., 2020 and unpublished sources of V. Gerovasileiou). It is also worth noting that the steep southern margin of Crete, and specifically the marine area off Samaria, where two of the surveyed caves are located (Italian and Lithistid caves), is incised by numerous gullies and deep canyons. The occurrence of N. endoumensis in caves on both southern and northern coasts of Crete indicates that populations should exist in intermediate areas as well, which encompass extensive carbonate rocky coasts, with a high number of still unstudied marine caves, some of which have internal freshwater influx (V. Gerovasileiou unpublished data), but also deep waters. More specifically, the 200 m isobath is only ca. 2 km away from the Italian and Lithistid caves and ca. 3.5 km from the Blue Cave, while it is much closer to the coasts in intermediate locations between these caves (based on data from the EMODnet Bathymetry portal1). Agios Efstratios is one of the most isolated islands in the Aegean Archipelago, being approximately 30 km away from the nearest island (Lemnos), and is surrounded by waters deeper than 200 m (ca. 11 km from Trypia Spilia), standing in the center of the northern Aegean Sea (Dimarchopoulou et al., 2018).

It was also suggested that some submarine cave organisms may be “very old [even Mesozoic] elements” of relictual character and that “marine caves served as faunal refuges over very long periods of time” (Hart Jr., Manning and Iliffe, 1985). Lithistids from Lebanese caves have been characterized as “palaeoendemic” remnants of the subtropical/tropical assemblages, which thrived in the Mediterranean during warm periods of its history and survived only in the warmer south-eastern section of the basin during the subsequent cooling episodes (Perez et al., 2004). This hypothesis cannot be maintained in the case of the studied lithistids from submarine caves of Crete in particular, and the Mediterranean in general (but in fact it concerns any shallow water marine caves) because it is ahistorical, i.e., not accounting for physiographic changes leading to formation and appearance of caves, palaeogeography and sea level changes during long periods of time. In the Mediterranean case such events and sea level changes include, for example, Messinian salinity crisis (about 5.6 My ago) (Bianchi et al., 2012), and more recently last glaciation that is global and lasted between 115,000 and 11,700 years ago, causing sea level drop of about 145 m in the region of Crete about 20,000 years ago (Lambeck and Purcell, 2005).

Caves themselves cannot be of Mesozoic or even Paleogene in age. Most of the karstic caves in the Mediterranean regionoriginated subaerially, most probably during glaciations (especially last glaciation, i.e., during the period between 115,000 to 11,700 years ago) and were submerged after (Arko-Pijevac et al., 2001). Thus, cave invertebrates, including the studied here lithistid demosponges must have colonized the surveyed caves rather recently, after the last glaciation. During the last glaciation sea level around Crete was about 145 m lower than today, similarly as in the rest of the Mediterranean, and still about 10 m below the present sea level about 7,000 years ago and about 2 m lower about 3,000 years ago (Lambeck and Purcell, 2005). One has to remember that during Holocene relative sea level stands in western-central and eastern parts of Crete were considerably different due to tectonic movements (Mourtzas et al., 2016). Having in mind those values, the colonization of the studied caves that are 3–12 m deep could occur between about 7,000 and 3,000 years ago, but not earlier (depending on the cave).

The only relictual sponges known to date are fossilized lithistids (“mummies” – sponges preserved as complete specimens by early precipitation of calcium carbonate, see Matyja, 1978; Pisera, 1997) from Trois Pépés Cave (Pisera and Vacelet, 2011). They may be interpreted as relicts from previous submergence of the cave, about 8,000 years ago, or during earlier warm interglacial periods. Similar fossilized relictual sponges were observed in Sardinian caves (A. Pisera, unpublished) but were described also from deep Mediterranean waters (Allouc, 1987).

In the case of very old, relictual character of lithistid sponges, one should expect either much larger sponges to occur, or numerous fossilized (dead) sponges that should accumulate in a cave (lithistids due to their articulated skeleton preserve well after death). None of these is observed in all known to us caves (not only here reported). Very little is known about growth rate of lithistid demosponges. The only systematic study is the report by Ellwood et al. (2007) on growth rate of Corallistes undulatus Lévi and Lévi, 1983 (closely related genus to Neophrissospongia) from deep waters off New Caledonia, that was about 20 × 30 cm large, and revealed values between 1.1 and 1.3 mm/year, giving 135–160 years old. Should we apply these values to the largest specimen observed in the Lithistid Cave, that was 100 cm × 40 cm in size (Figure 2B), the estimated age of this specimen is between 769 and 909 years, if longer dimension is used. Although this is only a first approximate estimation, in the absence of other data for comparison, it equally indicates relatively new (in accordance with known geological history and sea level changes) colonization of the caves.



Silica Content of Sea Water and Occurrence of Lithistid Demosponges

Lithistid demosponges with their dense choanosomal skeleton consisting of articulated desmas are heavily silicified, being even called “hypersilicified” sponges. They occur mostly in deep waters below 100 m, being very common at several hundreds of meters, where silica concentration is much higher than in shallow water. Numerous species of lithistid demosponges, including Neophrissospongia, are known from Mediterranean marine caves (Pisera and Vacelet, 2011; Gerovasileiou and Voultsiadou, 2012), as well as from the Atlantic and Pacific oceans (A. Pisera, unpublished data). This is usually explained by the fact that the dark zones of marine caves are characterized by conditions similar to bathyal depths (see previous section) by being dark, oligotrophic and often with low temperature. Nevertheless, in the studied marine caves lithistids were not found exclusively in dark zones, but also close to entrances and in semi-dark zones, while water temperatures reached 22–26°C in summer versus 14.7°C in the deep Aegean Sea (313–352 m), where N. nolitangere was trawled.

Lithistid demosponges are found in some, but not all dark submarine caves. Their absence from some caves and presence in others may be caused by chance: lack/presence of deep-water sources of propagules, unfavorable/favorable physiographic conditions of the sea floor near the caves, and similar factors. We have identified, however, an interesting coincidence between the occurrence of lithistid sponges (in case of the Lithistid Cave of large masses of these sponges) in different marine caves of the oligotrophic eastern Mediterranean Sea; all caves – and sections within these caves – where lithistids were found have freshwater springs. In addition to our observations from the north-eastern Mediterranean, Perez et al. (2004) found dense populations of lithistids in a shallow (2–5 m deep) cave of Lebanon, Levantine Sea, including areas with freshwater mixing. Publications reporting lithistids from other Mediterranean marine caves do not provide specific information on freshwater input, except for caves with freshwater infiltrations in their inner and upper portions (Pouliquen, 1972). Such infiltrations (e.g., through cracks and percolations of rocks) are very common in Mediterranean marine caves but are usually sporadic and/or seasonal (Gerovasileiou and Bianchi, in press).

This association between caves with freshwater springs and lithistids is surprising and difficult to understand at the first moment due to the fact that lithistid demosponges are typical marine invertebrates. This situation is easier to understand if we consider that silicic acid concentration of water in such parts of the caves are 8–11 times higher (and comparable to deep seawater at several hundred meters) than its concentration in water near the cave entrance (and average of surface water in the area). In the case of Blue Cave silicic acid concentration is 3.280 μM ± 1.365 (SD) in the zone where lithistid sponges occur (similar values of about 2–3 μM characterized seawater at a depth of 200–300 m in the Cretan Sea, Souvermezoglou and Krasakopoulou, 2000) versus 0.427 μM ± 0.137 (SD) at the cave entrance. In the Lithistid Cave silicate concentration is 7.170 μM ± 1.244 (SD) in the zone where lithistid sponges thrive (6–11 μM for several hundred meters deep in the eastern Mediterranean Sea, Krom et al., 2014) versus 0.663 μM ± 0.042 (SD) at the cave entrance. In addition to the lithistid populations, other “hypersilicified” sponges (geodiids) also occur in high abundances and/or size in the Lithistid cave, but are uncommon in external environments of Crete, except for rocky areas with freshwater springs (V. Gerovasileiou, personal observations). The specimens of N. nolitangere found off Tilos Island, at about 300 m depth, occurred in waters characterized by values of 2.5–3 μM (Souvermezoglou and Krasakopoulou, 2000) that are still lower than those observed in the studied caves. Such differences may be significant for lithistids, with their heavily silicified skeleton as proven by desma-less theonellids occurring in shallow water (thus very low in silicic acid) of the Great Barrier Reef (Hall et al., 2014). Higher siliceous acid concentration, resulting from hydrothermal vents, is recalled as a factor promoting sponge growth in shallow waters of Indonesia (Bertolino et al., 2017). The importance of silicic acid concentration (however, much more extreme and under experimental conditions) for spiculogenesis in demosponges was demonstrated by Maldonado et al. (1999), while correlation between this concentration and disruption of spiculogenesis in natural conditions in other heavily silicified demosponges, i.e., geodiids was discussed by Cardenas and Rapp (2013). They have demonstrated that some spicules in shallower water characterized by lower silica concentration may become irregular and underdeveloped as it is the case of our N. cf. nana, for example. Also, high variability of spicules in other species described here may be of similar origin. Specifically, the difference between microscleres (that are the first to react to lower silica concentration – Cardenas and Rapp, 2013) between N. endoumensis and N. nolitangere could be the result of such dependence, and we should check if these two nominal species could be just ecomorphological variants. One has to remember that such correlation is not a simple one and not associated with particular level of silicic acid concentration alone, and probably depends on other associated factors such as food availability and temperature (Cardenas and Rapp, 2013). This possibility must be investigated more systematically in case of other marine caves with lithistid sponges with quantitative approaches and molecular methods.



Conclusions

All the three Neophrissospongia species described in this study are reported for the first time from the eastern Mediterranean Sea, revealing a broad geographic distribution, and are also new elements for the sponge fauna of Greece. The species N. endoumensis, previously known from only a single cave in Marseille (France), was described from three shallow marine caves on both southern and northern coasts of Crete. One of these caves harbored an abundant population of this lithistid that may reach large size (100 cm × 40 cm) and old age (approximate estimation between 769 and 909 years). Another species, i.e., N. nolitangere was described from deep waters (ca. 300 m) off Tilos Island (south-eastern Aegean Sea) and N. cf. nana from a shallow marine cave in Agios Efstratios Island (northern Aegean Sea). The studied caves in Crete had to be colonized by these sponges relatively recently, i.e., not earlier than 7 ky, and most probably 2–3 ky ago from yet unknown deep-water sources, as proven by the presence of N. nolitangere and other lithistids in the deep north-eastern Mediterranean Sea. To our opinion they are not relictual forms from the past that survived in marine caves from long time ago as sometime suggested.

Here we hypothesize that the presence of these lithistid sponges in specific marine caves of this marine area, out of the several tens of explored caves, was controlled not only, as postulated earlier, by the fact that dark zones of the studied caves resemble deep-water environment by lack of light and oligotrophy, but also because these parts are characterized by relatively high (as for the Mediterranean) concentration of silicic acid, delivered to the caves by freshwater sources occurring in these sections. This conclusion is also supported by the presence of other “hypersilicified” sponges in high abundances and size in these marine caves, which are uncommon in other habitats, and also from observations in other marine caves with freshwater springs.

We also hypothesize that high intraspecific variability of spiculation, as well as underdevelopment of spicules and/or pathologic development of the skeleton (our N. cf. nana) may be caused by great differences in, and/or low silicic acid concentration. If this is true then conspecificity of N. nolitangere and N. endoumensis must be seriously considered and investigated in a more rigorous way, as well as a possibility that N. cf. nana (and N. nana itself) is just an underdeveloped ecomorph of some other known species.

The occurrence of such slow-growing and ecosystem-engineering invertebrates of deep-water origin in shallow marine caves with particular characteristics, within an oligotrophic marine basin, highlight an urgent need for further study, appropriate management, and conservation actions.
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Species/specimen Desma Dichotriaenes Microtylostyles Streptasters
Neophrissospongia nolitangere (Topsent, 1904; 350-500 pm rhabdome 450-1200 wm 10-183 um x 8-10 um
Azores) long / cladome 230-310 pm in

diameter
Neophrissospongia nolitangere (from Pisera and 289-382 pm rhabdome 313-800 pm long / cladome  74-137 pm long / 8.4-15.4 pm x 6.1-
Vacelet, 2011) 160-313 wm in diameter 1.4-2.1 pm thick 129 um
Neophrissospongia nolitangere (ZPAL Pf. 30/4; 296-368 pm rhabdome 543-904 pm long / cladome 90.8-116 pm long / 8-9 um x 13-14 um
Aegean Sea) 299-411 wm in diameter 1.3-1.6 pm thick
Neophrissospongia endoumensis (from Pisera and ~ 318-490 pm rhabdome 320-615 pm long / cladome  68.8-123 pm long / 12.7-20.1 pm x 11.4-
Vacelet, 2011) 248-283 pm in diameter 1.6-1.7 pm thick 16.6 um
Neophrissospongia endoumensis (ZPAL Pf. 30/2; 333-446 pm rhabdome 434-696 pm long / cladome  69.2-84.8 pm long / 13.0-15.8 pm x 10.0-
Blue Cave) 265-337 in diameter 2.25-2.89 pwm thick 13.1 wm
Neophrissospongia endoumensis (ZPAL Pf. 30/3; 346-438 pm rhabdome 464 —624 pm 84.1-99.2 pm long / 11.7-17.5 pm x 9.8-
[talian Cave) long / cladome 249-349 pm in 1.21-2.04 pm thick 14.2 pm

diameter
Neophrissospongia endoumensis (specimen ZPAL ~ 285-436 pm rhabdome 487-766 pm long / cladome  64.4-89.6 pm long / 10.3-17.3 pm x 9.86—

Pf. 30/1; Lithistid Cave)

181-295 wm in diameter

1.5-1.9 uwm thick

13.1 um
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