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Hydrothermal waters enriched in silica promote the development of a
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Dipartimento di Scienze della Terra dell’Ambiente e della Vita (DISTAV), Università degli Studi di Genova, Genova, Italy

(Received 27 October 2016; accepted 28 December 2016)

Abstract
Two shallow hydrothermal vents were investigated by SCUBA diving to evaluate their influence on the structure and
diversity of a sponge community living close to the vent outflow, in the equatorial Pacific Ocean just off the coast of North
Sulawesi, Indonesia (1°40.361ʹN, 125°8.112ʹE). No sponges identified were vent-obligate species, since they are found in
the surrounding coral reefs too. The sponges were strongly attracted by the vent, concentrating in an area of a few meters
around it, where they reached covering values up to 70% in the deeper vent and up to 42% in the shallower one. The high
silica concentration, 8.5 mg L−1Si (deep vent) and 5 mg L−1Si (shallow vent), in hot spring water (90°C) was the putative
environmental factor driving the sponge settlement and growth. These organisms take advantage of the increased silica
availability that, facilitating skeleton formation, probably promotes sponge growth. This hypothesis is in agreement with the
evidence that the spicules of the sponge specimens living around the hot springs have a thickness about double that of
conspecific specimens present on the coral reefs at least 300 m away.
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Introduction

Hydrothermal vents are peculiar habitats that offer a
unique opportunity to investigate the effects of
extreme environmental conditions on biodiversity
(Amils et al. 2007). Despite the convenience of
studying shallow-water structures, due to their easier
accessibility, deep hydrothermal vents have always
received more interest from the scientific community
because they host peculiar, sometimes endemic fau-
nas characterized by unusual physiological adapta-
tions (Tarasov et al. 2005).

Several studies have shown that shallow vents are,
in general, colonized by communities that are sub-
sets of the surrounding biota, where no vent-obligate
species are recognized (Fricke et al. 1989; Pansini
et al. 2000; Cardigos et al. 2005). However, there is
evidence that biodiversity is proportionally higher at
the sites closest to the hydrothermal vents and that
vent proximity is more important than depth and
distance from the shore (Morri et al. 1999; Pansini
et al. 2000; Bianchi et al. 2011). These evidences are

in contrast with the opinion that the total number of
macrobenthic species reduces close to the vents
(Fricke et al. 1989; Tarasov & Zhirmunsky 1989;
Kamenev et al. 1993; Thiermann et al. 1997).
Studies on communities associated with shallow-

water hydrothermal vents date back to the beginning
of the 20th century (Hinze 1903), but an exhaustive
global inventory of these outflows is still lacking and
information on these structures is fragmentary when
compared with that on deep-sea hydrothermal
springs (Tarasov et al. 2005). Shallow-water hydro-
thermal vents are recurrent in tectonically active
areas of the West Pacific (Ferguson & Lambert
1972; Tarasov et al. 1986, 1988, 1990, 1991;
Sarano et al. 1989; Sorokin 1991; Tarasov 1991;
Hashimoto et al. 1993; Kamenev et al. 1993;
Pichler & Dix 1996), the coasts of California (Vidal
et al. 1978; Stein 1984), Iceland (Fricke et al. 1989;
Olafsson et al. 1991) and the Azores (Cardigos et al.
2005). Even in the Mediterranean Sea, these habitats
have been extensively studied (Bavestrello et al.
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1995; Dando et al. 1995; Morri et al. 1999; Pansini
et al. 2000; Bianchi et al. 2011).

The influence on biodiversity of shallow-water
hydrothermalism is variable according to the different
examined groups (Bianchi et al. 2011). Sponges are
among the most important components of these sessile
communities (Fricke et al. 1989; Benedetti Cecchi
et al. 1998; Tarasov et al. 1999), and a possible attrac-
tive effect due to the spring activity is still debated.
Some authors have stated that in both the western
and eastern Mediterranean, the proximity of hydro-
thermal vents had no influence on sponge distribution
(Laborel 1960; Bavestrello et al. 1995). More detailed
studies (Pansini et al. 2000) suggest a warm-water
affinity of the sponge fauna associated with the vent
sites. Moreover, Geodia cydonium in the vent commu-
nity ofMilos Island (Aegean Sea)might take advantage
of increased silica availability around the outflows. In
the same area closeness to vents seemed to have negli-
gible effects on sponge cover, despite a primary effect
on species diversity (Pansini et al. 2000).

The abundant development of demosponges all
over Matupi Harbor (Papua New Guinea), an area
characterized by diffuse hydrothermalism, results in
the accumulation of large amounts of sponge spi-
cules in the sediment (Tarasov et al. 1999). Also in
this area, it was suggested that sponge growth might
have been stimulated by volcanic emissions enriched
in silicon (Tarasov et al. 1999).

In the Grotta Azzurra at Capo Palinuro (South
Tyrrhenian Sea), the unusual large size of the speci-
mens of G. cydonium living in the cave was related to
the occurrence of warm sulfur-rich water springs
(Morri et al. 1994) and to the abundant presence
of sulfur-oxidizing bacteria associated with these
emissions (Southward & Southward 1993; Morri
et al. 1994).
In this study, we investigate two shallow hydro-

thermal springs, located on a sandy bottom at 20 and
25 m depth, in the equatorial Pacific Ocean, just off
the coast of the extreme tip of North Sulawesi
(Indonesia). The aim of this work is to evaluate the
influences of vent outflow on the structure and diver-
sity of the sponge-dominated benthic community
that thrives in this area.

Materials and methods

The studied hydrothermal vents are located in a
popular dive site known as “Yellow coco” (1°
40.361ʹN, 125°8.112ʹE), along the coast of North
Sulawesi facing Bangka Island (Figure 1). The
North Sulawesi Peninsula is characterized by the
presence of 129 volcanoes, responsible for gas emis-
sions from the sea bottom in several coastal zones
(Manini et al. 2008; Zeppilli & Danovaro 2009).
In the studied site, the underwater seascape con-

sists in a coral reef ending on a sandy ground at

Figure 1. Study area and location of the Yellow coco diving site.
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about 18 m depth. The two outflows arise from the
sandy bottom at 20 (HV20) and 25 m (HV25)
depth, 150 and 200 m off the coast, respectively.

Sampling was carried out in October 2014 and all
field activities were performed by SCUBA diving.

Sampling was carried out along four orthogonal
line transects 10 m long, starting from the hot
springs. In each transect photographic sampling,
water sampling and temperature measurements
were conducted at increasing distances (0, 1, 3, 5
and 10 m) from the vent.

Photographic sampling involved the use of square
frames with 50-cm sides (Bianchi et al. 2004). A
total of 20 images for each vent were collected and
analyzed to evaluate the sponge covering.

Water sampling was performed always close to the
bottom in order to measure the concentration of
dissolved silica. The collected water was filtered
using 0.45 μm pore size cellulose acetate filters
(ø 47 mm) in order to eliminate any particulate
matter, and frozen to await further laboratory analy-
sis. The silicate concentrations were determined in
40 water samples (20 for each vent) following
Hansen and Grasshoff (1983), using a Jasco V530
spectrophotometer.

In both of the studied areas, temperatures inside
the sediment were measured by SCUBA divers by
means of a glass thermometer.

In addition, sub-samples of the sponges found in
the square frames were collected to allow their iden-
tification. Sponge specimens were fixed in alcohol
70%. The spicule complement of each sponge speci-
men was analyzed according to Rützler (1978).
From 30 measurements for each spicule type, size
range and mean were calculated. Whenever possible,
skeletal architecture was examined under light
microscopy. We followed the classification given by
Hooper and van Soest (2002), and the updated
nomenclature reported in the World Porifera
Database (Van Soest et al. 2016).

In Tedania (Tedania) dirhaphis Hentschel, 1912
and Xestospongia muta (Schmidt, 1870) (two of the
most common species living close to the vents), the
width of 500 spicules per type (100 spicules per five
specimens) was measured and compared with that of
five specimens living on the coral reef at least 300 m
far away. Differences in the calculated averages (±
standard error, SE) were tested by the Student’s t-
test.

Results

Both of the studied vents were characterized by a
continuous outflow of hot water springing from the
sandy bottom, easily detectable thanks to the opaque

cloud caused by fresh water mixing with salt water
(Figure 2a). Visual observations indicated that HV25
had a flow rate approximately double that of HV20.
At both vents, the temperature of the water flow-

ing through the sediments is about 85–90°C. At
HV20 the average temperature, 1 m from the center
of the outflow, is around 82°C, while at HV25 it
decreases, at the same distance, to 47°C. At a dis-
tance of 3 m from the source, the average tempera-
ture in both vents decreased to 32–34°C and
remained quite constant for the entire length of the
transects (Figure 3). One meter above both vents,
the water temperature was about 40°C.
The silicate concentration evaluated at the vent

outflow, immediately over the sandy bottom,
reached high values ranging from about 5 mg L−1Si
at HV20 to 8.5 mg L−1Si at HV25. In both sites at 1
m from the vents, silicate concentrations dropped to
1–0.08 mg L−1Si. At the HV25 site the silicate con-
centration increases again (2 mg L−1Si) along the
transect at a distance of 3 m from the vent, thus
suggesting the presence of a secondary, smaller out-
flow (Figure 3).
A visual survey of the bottom communities clearly

showed a concentration of benthic macrofauna in
proximity to the outflows (Figure 2). The vent com-
munity was mainly composed of sponges, with sev-
eral large specimens belonging to Haliclona (Reniera)
sp., Cladocroce cf. burapha Putchakam, de Weerdt,
Sonchaeng & van Soest, 2004, Xestospongia muta
(Schmidt, 1870), Mycale (Mycale) grandis (Gray,
1867), Tedania (Tedania) dirhaphis Hentschel,
1912, Cinachyrella nuda (Hentschel, 1912), Dysidea
sp. and Ircinia sp. Cladocroce cf. burapha grew also as
an epibiont on colonial hydrozoans (Figure 2f). The
second most representative taxa of benthic organ-
isms in terms of abundance were solitary and colo-
nial ascidians belonging to the genera Didemnum,
Rhopalaea, Oxycorynia and Clavelina.Sertularellid
and plumularid hydrozoans were widespread as epi-
bionts of sponges and ascidians. At HV25, whip
gorgonians of the genus Juncella were detected
along the transect. Comatulid crinoids composed
the vagile fauna.
The quantitative study of the sponge covering

showed in both sites the highest values in an area
within 3–5 m of the vents. Around the outflow of
HV20 the maximal covering reached 42%, while at
HV25 the maximal covering reached values of 70%
(Figure 3).
In order to assess the influence of the water flow

on the silica deposition, the average spicule width
was measured in two specimens of Xestospongia
muta (oxeas) and Tedania (Tedania) dirhaphis (styles
and tylotes), respectively, which lived both close to
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Figure 2. Main components of the benthic communities around the vents: (A) sponge specimens visible through the cloud caused by warm
fresh water mixing with the surrounding marine water; (B) a large horny sponge surrounded by small-branched sponges and crinoids; (C)
general view of the community characterized by large sponges and colonial ascidians. Vagile fauna is represented by crinoids; (D)
Cinachyrella nuda; (E) a large colonial ascidian close to the water spring; (F) a sponge partially overgrowing a colonial hydroid; (G) dense
coverage of branched sponges and hydrozoans.
te: Tedania (Tedania) dirhaphis; mg: Mycale (Mycale) grandis; ir: Ircinia sp.; ha: Haliclona (Reniera) sp.; cl: Cladocroce cf.
burapha; dy: Dysidea sp.; ox: Oxycorynia sp.; xm: Xestospongia muta; di: Didemnum sp.; ph: plumularid hydrozoans.

Sponges and hydrothermal vents 131



the vents and at a distance of about 300 m from the
outflows. In all cases, the thickness of the spicules
coming from specimens living close to the vents was
about double when compared with that of specimens
living far from the water sources (p < 0.01; Figure 4).

Discussion

The studied community and particularly the sponge
assemblage were formed by species commonly living
on the neighboring coral reef, without any obligate
species. This situation confirms the data already
recorded around other shallow-water vents in differ-
ent locations: Kolbeinsey, North Iceland (Fricke

et al. 1989), Aegean Sea (Pansini et al. 2000) and
the Azores (Cardigos et al. 2005).
Nevertheless, our data suggest a strong attractive-

ness of hydrothermal vents for sponges, allowing
them to bypass their usual requirement of a hard
substratum for settling. In fact, the species recorded
during this study generally settle on coral rocks and
not on sand. The vents are indeed “islands” of hard-
bottom communities scattered on a wide extension
of sandy bottoms. The role played by the hot springs
in the sponge concentration is clarified by the quan-
titative transects showing how the maximal sponge
abundance is centered close to the vent, with a rapid
and steady reduction as the distance from it

Figure 3. Trends of the average (± standard error, SE) water temperature, silica concentration in the water and percent sponge covering
obtained along four 10-m-long transects starting from both vents (HV20 and HV25).
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increases. This evidence confirms previous observa-
tions coming from Indonesian reefs (Tarasov et al.
1999), and the assumption of Grassle (1986) that
members of phyla lacking a blood vascular system
are able to live close to the hot springs.

The ecological factors inducing sponges to settle
close to the vents can be of different nature. In some
situations, it was hypothesized that sponges are able
to feed on the abundant sulfur-oxidizing bacteria
recorded as associated with warm sulfur-rich water
springs (Southward & Southward 1993; Morri et al.
1994). Almost all of the studies in the literature on
shallow-water hydrothermal vents reveal high che-
moautotrophic production (Tarasov 2006), which
locally enhances trophic conditions (Southward
1989). However, it is not yet known to what extent
the spring-associated sponges are able to use the high
chemoautotrophic production of the vent bacteria
(Fricke et al. 1989), although it is highly probable
that they benefit from this enhanced food supply.
Unfortunately, we have no data about the chemosyn-
thetic production of the Yellow coco vents, notwith-
standing the organoleptic characteristic of the vent
outflows and the lack of colored bacterial mats,
which leads us to consider the sulfur emission
negligible.

Given the awesome concentrations of silicates in
the outflows, up to 10 times higher than in the
surrounding water, we can assume that silica is one
the main attractive factors promoting the settlement
and growth of sponges in an area of a few meters
around the vent. Past evidence emphasized the exist-
ing link between the high concentrations of silica in
the vent fluids and the increased species richness of
sessile epibenthic assemblages (Bianchi et al. 2011).
Here we demonstrate that the sponge abundance

also is remarkably enhanced by silicon-enriched
emissions. The effect of high silica concentration
on the vent sponge community is in agreement
with the record of thicker spicules. It has been
already stated that silica concentration drives spicule
width, as demonstrated by both laboratory (Elvin
1971; Pè 1973) and field (Stone 1970; Bavestrello
et al. 1993) studies. Moreover, other studies
(Maldonado et al. 1999; Cárdenas & Rapp 2013)
have demonstrated that variations in silica concen-
tration are able to modulate the production of the
different spicule kinds.
Shallow hydrothermal vents were considered

unstable in time and space (Desbruyeres et al.
2000), due to the presence of strong currents and
rapid fluid dilution at the vent site (Cardigos et al.
2005). This is particularly true for a benthic com-
munity that draws nourishment from the outflow. In
the Yellow coco vents, it is likely that is not the food
supply but the silicon enrichment that mainly drives
the community structure. This is highlighted by the
presence of large specimens of Xestospongia muta, a
sponge with a very slow growth rate, presumably
with an age of tens of years (McMurray et al. 2008).
The restricted amount of data on the presence of

sponges in the biotic communities of hydrothermal
vents (Fricke et al. 1989; Tarasov et al. 1999; Pansini
et al. 2000) does not help in understanding how
sponges can withstand the high temperature of sedi-
ment where they settle. However, damage resistance
and desiccation reduction, both improved by a
toughened outer layer, have been observed in the
sponge Cinachyrella voeltzkowii (Barnes 1999). Even
though, at present, we have no evidence of the struc-
tural organization allowing sponges to withstand the
excessive heat, it seems acceptable to hypothesize

Figure 4. Average spicule width (+ standard error, SE) of Xestospongia muta (oxeas) and Tedania (Tedania) dirhaphis (styles, tylotes)
collected close to the vent and 300 m away from it. All of the differences obtained were statistically significant (Student’s t-test).
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that, as occurs in C. voeltzkowii, the strengthening of
the peripheral coating, at the cell/substratum inter-
face, can act as a successful barrier.
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