
ABSTRACT. — The negative effects of quartz on
biological systems are well known, from a clinical
point of view, since the XVIII century, anyway the
influence of quartz on the marine benthic organisms
and communities is underestimated. Interactions
between organisms and minerals (biomineralogy)
could play a major role on the life cycle of a species
and on the spatial distribution and structure of
marine and freshwater benthic communities.
Various biosystems, at different levels of
complexity (cell,  organism, species, and
community) show, in fact, the ability to recognise,
select, react, and possibly use the mineral fraction.
A negative influence of quartz on the biological
activity has been demonstrated, due to the toxic
activity of the silanolic radicals on the surface of the
crystalline quartz, which interferes with animal
metabolism.

The aim of this paper is to review the selective
response by benthic organisms to the quartz
presence and evaluate the primary role of quartz in
affecting the development, settlement and growth of
many species. Such selectivity may cause spatial
anomalies in species composition, diversity and
biomass in marine and freshwater communities and,
consequently, have important consequences on basic
and applied ecology.

RIASSUNTO. — Gli effetti nocivi del quarzo sui
sistemi biologici sono ben conosciuti, da un punto di
vista clinico, a partire dal XVIII secolo, ma il ruolo
del quarzo sugli organismi e sulle cominità
bentoniche è tuttora in via di investigazione. Le
interazioni tra organismi e minerali (biomineralogia)
può giocare un ruolo fondamentale sul ciclo vitale di
una specie e sulla distribuzione spaziale e sulla
struttura di comunità bentoniche marine o di acqua
dolce. Diversi biosistemi, con differenti livelli di
complessità (cella organismo, specie e comunità))
mostrano infatti l’abilità di riconoscere, selezionare,
reagire con, e possibilmente usufruire della frazione
minerale. L’influenza negativa del quarzo
sull’attività biologica è stata dimostrata e correlata
all’attività tossica dei radicali silanolici sulla
superficie dei cristalli di quarzo, che interferisce con
il metabolismo animale.

Lo scopo di questo lavoro è di rivisitare la
risposta selettiva degli organismi bentonici alla
presenza di quarzo e di valutare il ruolo primario
del quarzo su sviluppo, insediamento e crescita di
molte specie. Tale selettività può causare anomalie
spaziali nella composizione, diversità e biomassa
delle specie in comunità marine e dulcaquicole, e,
in conseguenza, avere ricadute nell’ecologia di
base ed applicata.
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INTRODUCTION

In the last decades great attention has been
paid to the process of deposition and
dissolution of biominerals, mainly carbonates,
that have a particular role in the marine
community dynamics (McCall and Tevesz,
1982) and a fundamental importance in the
CO2 budget.

On the contrary less attention has been paid
to the biomineralogy that is the complex of
interactions between biological systems, at
different levels of complexity (cell, organism,
species, and community), and the mineral
substance they come in contact within the
marine and freshwater environments. Various
biosystems, in fact, show the ability to
recognize, select, react, and possibly use the
environmental mineral fraction. The reactions
towards different minerals may be very
different: it is well known, for example, that
crystalline silica (quartz) acts differently from
amorphous opal and chalcedony. In several
vertebrates, for example, the inhalation of
quartz dusts is responsible of severe lung
diseases like silicosis and bronchogenic cancer
(Donaldson and Borm, 1998).

The aim of this paper is to review the
primary role of quartz in affecting the
development, settlement and growth of many
aquatic species. Such selectivity may cause
spatial anomalies in species composition,
diversity and biomass in marine and freshwater
communities (Cerrano et al., 1999a;
Bavestrello et al., 2000; Guidetti et al.,
submitted) and, consequently, have important
influences on basic and applied ecology.

PATHOLOGICAL EFFECTS OF QUARTZ

While quartz (crystalline silica) seems to
have a negative effect at different biological
levels, no diseases related to the amorphous
form have ever been reported (Iler, 1979).
Toxicity of other forms of silica, such as
diatomaceous earth, is still much debated
(Fubini et al., 1989; IARC, 1997).

Although the pathogenic potential of quartz
as rock–forming mineral is already well
known, the action at cellular level is still
substantially unclear. This activity could be
related to chemical processes taking place at
the surface of grains in contact with the cells
(Fubini and Wallace, 1999). Several factors
have been identified to contribute to the onset
of a chronic inflammation process in
vertebrates, among which, ROS (reactive
oxygen species) production. Lipid peroxidation
is activated during this process, with
subsequent interference with arachidonic acid
metabolism and damage to DNA (Fubini,
1998), followed by the release of cytokines
(Lardot et al., 1998), and nitrogen oxide
(Blackford et al., 1997).

The study of these processes requires a
detailed knowledge of the hydrophilic and/or
hydrophobic properties of the different silica
forms (Bolis et al., 1991), while biochemical
studies will be necessary to evidence the role of
ascorbic acid in increasing toxicity of some
silica polymorphic forms towards cell lines
(epithelia and macrophages). The outcome of
this research is expected to shed new light on
toxicity mechanisms of quartz powders, not
only in animal models, but also in the case of
human silicosis.

Finally, chemical research should interpret
and justify, from a surface structure point of
view, molecule interaction and behaviour
patterns when the cell comes in contact with
the mineral to be recognised.

COMMUNITIES LEVEL

Regarding soft bottoms communities in situ
experiments on the development of meiofauna,
evidenced that, in artificially enriched sands
containing different percentages of quartz, the
biomass and the specific structure of the
meiobenthic community are inversely
proportional to the amount of present quartz,
suggesting a significant inhibition due to the
quartz presence (Cerrano et al., 1999a).

The effects of the mineralogical composition
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of rocks as dolostones, limestones,
serpentinites, basalts, gabbros, quartz–arenites,
granites, quartzites, on the marine hard bottom
communities’ structure, in comparable
conditions of food availability and water
movement, have been studied in different
Mediterranean areas (Liguria, Tuscany
Archipelago, Sardinia) (Bavestrello et al.,
2000; Cattaneo–Vietti et al., 2002; Faimali et
al., submitted).

To discriminate substrate–related–variability
from space–variability (as samples closer in
space should be more similar to each other than
those further apart), it was necessary to use an
appropriate spatially multi–resolution nested
sampling design (Underwood and Chapman,
1996). Concurrently, to avoid small–scale
patchiness of substrate, observations were
performed at two different spatial scales (400
cm2 and 10,000 cm2).

Results demonstrate that benthic
communities growing on quartz–rich rocks
(quartz–arenites, granites, quartzites) are less
diverse and show a simpler physiognomy
compared to those growing on carbonatic rocks
(Bavestrello et al. ,  2000; Faimali et al. ,
submitted) (Fig. 1).

However, each taxa may respond in different
way: vermetids, for example, are significantly
more frequent on granitic substrates in
comparison with carbonatic ones. This group of
sessile, filter feeders gastropods are in fact
favored by algal–free substrata as occurs on the
Sardinian granite rocks, since algal canopy
disturb their trophic activity (Schiaparelli and
Cattaneo–Vietti, 1999). 

The overall negative quartz effect acts
mainly during the early stages of colonization
and gets reduced as the succession goes on.
Many sessile organisms, in fact, lay calcareous
structures that offer a secondary substrate to
later colonists, thus annulling the quartz effect.
This could be the case of encrusting
macroalgae and bryozoans which operate a
«biological conditioning» of the substrate. 

Nevertheless, the quartz effect could be
maintained in high energy communities or
where the grazing is heavy, because these

frequent disturbs produce periodical population
«zeroing», which prevents the community to
reach a mature condition and exposing bare
quartz–rich substrates. 

PIONEER COMMUNITIES

The structure of macrobenthic communities
is often influenced by microbial films
(Scheltema, 1976). The settlement of the
marine bacterium Vibrio coli on sand grains of
different mineralogical composition clearly
evidences that calcareous substrata are more
suitable for bacterial adhesion than quartzitic
ones.

Studies of early development of marine
benthic communities on quartz and amorphous
silica (opal) evidence an important role played
by minerals in structuring the biofilm. The
growth of diatoms, one of the main
components of the biofilm, is influenced by
the availability of different silica sources.
Three diatom strains: Cylindrotheca
fusiformis ,  Navicula sp., Skeletonema
costatum incubated in controlled conditions,
with mineral (quartz sand and two pure quartz
dusts with variable degree of
hydrophilicity/hydrophobicity) and biogenic
(diatomaceous earth and sponge spicules)
silica substrates showed different growth
patterns. Higher values of growth were showed
with quartz particles while, in contrast, low
values of growth were found in the presence of
the biogenic amorphous silica substrates. The
high value of the silicon uptake of all diatom
species in the presence of the crystalline
substrates in culture conditions seemed to
confirm the preferred exploitation of silicon
from crystalline sources with respect to the
amorphous biogenic mineral substrates. Thus,
the uptake is not mediated by solubilised
oligomeric silica but by a direct interaction
between diatoms and the solid substrate. Such
interaction is highly specific either for diatom
species and silica particles (Penna et al.,
2003).
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Fig. 1 – Mean (±1 standard deviation) number of species (a) and total substratum cover (b) of the epibenthic assemblages in
three sites characterised by different mineralogy. For each site, quartz–rich rocks (quartzite or granites) (white bars), and
rocks poor in or deprived of quartz (grey bar) are represented (from Bavestrello et al., 2000).



AUTOECOLOGICAL ASPECTS

Many benthic species react differently in
presence of some kinds of silica, suggesting the
existence of complex mechanisms to recognize
and select, at cellular level, the different
surface properties of the mineral.

Sponges, which have a modest or absent
spicular component in the skeleton, often
incorporate foreign materials such as opaline
spicules, quartz and silicate grains dropped on
their surface. Generally, this matter is
incorporated into the collagenous fibers for
strengthening the sponge skeleton (Teragawa,
1986a, b). This is one of the most interesting
and yet least known behaviour in sponges
(Bavestrello et al., 2003).

The common Atlanto–Mediterranean
demosponge Chondrosia reniformis
(Bavestrello et al., 1995; 1996; 1998a, b), in a
high sedimentation environment, is forced to
select the settled material, thus avoiding to
incorporate high amounts of carbonates, which

are the most abundant settling fraction, as
confirmed by the comparison on trapped
material collected near the investigated sponges
(Bavestrello et al., 1996). In fact, the percent
composition of mineral grains found in the
sponge (quartz, plagioclase, sanidine, muscovite,
chlorite, sodic amphibole and opaline spicules)
mirrors always the trapped sediments, except for
the lack of carbonates (calcite and dolomite)
which are predominant in the sediment.

This selectivity can be switched on and off
during the species biological cycle. During
asexual reproduction, in fact, propagules of this
species acquire a sort of affinity also for
carbonates, thus allowing the sponge to settle
also on this type of substrate (Bavestrello et al.,
1998b).

The quartz selection is performed on the
sponge surface (pinacoderm), which also
differently reacts to different forms of silica.
When the quartz grains settle on the sponge,
the pinacoderm breaks and the pinacocytes
contract themselves to form a rim around them
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Photo 1 – A : Foreign bodies gradually engulfed by the cells of the sponge surface (pinacocytes) in Chondrosia reniformis.
B: Quartz grains in different phases of engulfing (a) and spicule completely enveloped by pinacocytes. (Scale bars. a: 50
µm; b: 5 µm) (from Bavestrello et al., 2003).



(Photo 1a), while the presence of opaline
spicules elicits a motile response of
pinacocytes that quickly recover them (Photo
1b).

In the sponge body these two kinds of silica
have different fates: the quartz grains are
strongly etched (Photo 2), rounded, made
uniform in size (about 30 µm) and expelled as
pellets, while the amorphous silica (chalcedony
and opal) are stored (Bavestrello et al., 1995).

The SiO2 dissolution is evidenced, in
laboratory, by a sharp increase of dissolved
silica in the water where quartz–treated
sponges were reared: over 50 hours the
dissolved silica reached a maximum value of
0.1 mg/l, starting from zero. 

The dissolution process of quartz in
Chondrosia reniformis is due to the ascorbic
acid activity, which reaches in sponges levels
from 1 to 10 µg/g wet weight of tissue. Such
acid represents the reducing agent of the

proline hydroxilation in collagene biosynthesis
in the sponge (Garrone, 1978) and, owing to its
antioxidant properties, is likely to act as an
inhibitor in the competition for substrate or as
an antifeeder (Cerrano et al., 1999b). The
quartz dissolution mechanism by ascorbic acid
has been partially clarified: it is supposed to
change the quartz surface features, leading to
an increased radical production (Fenoglio et
al., 2000).

A possible relationship between silica
turnover and symbiosis may be postulated. The
Mediterranean sponge, Chondrilla nucula,
presenting a remarkable population of
autotrophic symbionts, increases its biomass
during summer months and its spicules show
impressive signs of corrosion (Bavestrello et
al., 1993). This phenomenon suggests a drastic
increase of the ascorbic acid levels to protect
against the increasing levels of free radicals
due to the increased photosynthetic activity. It
is possible to speculate that in such conditions,
the levels of ascorbic acid in the sponge tissues
become so high to determine the partial
dissolution of the sponge spicules. 

LARVAL ECOLOGY

The adhesion of the dispersion phases
(larvae, asexual propagula) of sessile
organisms to a substrate is a key event in the
biological cycle of the species and the mineral
nature of the substrate plays an important role
in this process. In many invertebrates, the
adhesion culminates with the larval
metamorphosis, which can be fully performed
in all its complex phases only after the larva
has successfully settled on a properly selected
substrate, thus avoiding any negative impact
from an unsuitable substrate to its growth.
Considering that free–swimming larvae have
generally limited chance of survival (some
days at maximum), their ability to interact with
the substrate is fundamental.

In laboratory experiments it was observed
that the cypris settlement of the barnacle
Balanus amphitrite is influenced by the nature
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Photo 2 – Foreign matter incorporated by the sponge
Chondrosia reniformis, after tissue dissolution evidencing
etched quartz particles and unaltered opaline spicules (scale
bar: 50 µm) (from Bavestrello et al., 1995).



of substratum (Faimali et al., submitted) as well
as by biofilms structure. In addition, the biofilm
formation is influenced by the substratum
(marble, quartz, glass, and cembonit), as
number of settled micro–organisms and
microbenthic community biodiversity, which
could depend not only on chemical nature of the
substrate, but also on its microtexture. With
biofilm ageing, the attractiveness of different
substrates tends to disappear.

Laboratory studies on the larval ecology of
hydroids have showed that the crawling
planulae of Eudendrium glomeratum have a
five fold stronger selectivity for carbonates
than quartzitic sediments (Bavestrello et al.,
2000).

Also among the sessile marine tunicates, the
selection of a suitable substrate by the larvae is
an important and critical factor determining the
distribution of species. Laboratory experiments
showed that larvae can discriminate between
the substrates based on their silica content.
Surprisingly, surface roughness did not
influence larval attachment. Under the same
laboratory conditions, the larvae that attached to
quartzite grew faster and had a wider area of
contact with the substrate than those that grew
on carbonaceous stones (Groppelli et al., 2003).

Clear evidence of quartz action was observed
also in the development of a freshwater fish,
the ciclid Pelvicachromis pulcher. Laboratory
tests have shown that this species selectively
chooses the type of substrate where to lay eggs
(Maradonna et al., 2003). Quartz, in fact,
interferes with its development: while 90% of
embryos placed in a carbonaceous sand have
successfully metamorphosed, 100% of embryos
placed on quartz–rich sand died on day 8 of
their development.

In the larvae grown on quartzitic substrate, a
decreased expression of most of the genes
analysed was observed. In fact, IGF–II, one of
the most important fetal growth factors, was
found to have less expression in the larvae
developed on quartz. Looking at the GADPH,
we found the expression of this gene to be
totally inhibited in the larvae developed on
quartz. GADPH is one of the key enzymes of

the glycolytic pathway through which the cells
produce ATP. 

In the same larvae, only the molecular
chaperone HSP70, which is involved in the
folding of the nascent polypeptide chain
(Kelley, 1999), was found to have a higher
expression. Since it has been reported that
induction of HSP70 makes cells more resistant
to a number of cellular injuries (Mayer et al.,
2000; Airaksinen et al., 1998; Misra et al.,
1989; Mosser and Bols, 1988), the higher
levels of this gene found in the present work
indicate that the quartz represents a source of
stress for the larvae, which attempt to recover
through an over–expression of HSP70. 

CONCLUSIONS

Several abiotic factors (water temperature,
moisture, light and water movement) are
considered involved in the spatial distribution
of benthic marine organisms. The results of the
studies conducted on the interactions between
biological aquatic systems and silica indicate
that the well known pathogenic effects of
quartz on mammalian lungs represent only an
example of a more wide phenomenon
involving, at different levels (larval ecology,
development and species life cycle), all the
invertebrate groups. This response to the
presence of quartz, which is so widespread in
nature, could explain possible differences and
anomalies found in the structure of marine
communities, due to quartz toxic action. 

The unsuspected ability to recognize, select
and use amorphous silica and quartz rocks, by
different groups of protists and lower
metazoans indicate the importance of the
surface properties of minerals in the
interactions with cells.

ACKNOWLEDGMENTS

This work was financially supported by MIUR
Italian funds. The authors wish to thank Isabella
Memmi (Siena) and an anonymous referee for
constructive suggestions.

Interactions between aquatic biological systems and silica 147



REFERENCES

AIRAKSINEN S., RABERGH C.M.I., SISTONEN L. and
NIKINMAAA M. (1998) — Effect of heat shock and
hypoxia on protein synthesis rainbow trout
(Oncorhynchus mykiss) cells. J. Exp . Biol., 201,
2543-2551.

BAVESTRELLO G., BONITO M. and SARÀ M. (1993) —
Silica content and spicular size variation durino an
annual cycle in Chondrilla nucula Schmidt
(Porifera, Demospongiae) in the Ligurian Sea. Sci.
Mar. 57, 421-425.

BAVESTRELLO G., ARILLO A., BENATTI U., CERRANO

C., CATTANEO-VIETTI R., CORTESOGNO L.,
GAGGERO L., GIOVINE M., TONETTI M. and SARÀ

M. (1995) — Evidence of quartz dissolution by the
sponge Chondrosia reniformis (Porifera,
Demospongiae). Nature, 378, 374-376.

BAVESTRELLO G., ARILLO A., CALCINAI B., CERRANO

C., LANZA S., SARÀ M., CATTANEO-VIETTI R. and
GAINO E. (1998a) — Siliceous Particles
Incorporation in Chondrosia reniformis (Porifera,
Demospongiae). Ital. J. Zool., 65, 343-48.

BAVESTRELLO G., BENATTI U., CALCINAI B.,
CATTANEO-VIETTI R. CERRANO C., FAVRE A.,
GIOVINE M., LANZA S., PRONZATO R. and SARÀ M.
(1998b) — Body Polarity and Mineral Selectivity
in the Demosponge Chondrosia reniformis. Biol.
Bull., 195, 120-125.

BAVESTRELLO G., BENATTI U., CATTANEO–VIETTI R.,
CERRANO C. and GIOVINE M. (2003) — Sponge
cell reactivity to various forms of silica. Micros.
Res. Tech. 62, 327-335. 

BAVESTRELLO G., BIANCHI C.N., CALCINAI B.,
CATTANEO-VIETTI R., CERRANO C., MORRI C.,
PUCE S. and SARÀ M. (2000) — Bio–Mineralogy
as a Structuring Factor for Rocky Bottom
Communities. Mar. Ecol. Prog. Ser., 193, 241-49.

BAVESTRELLO G., CERRANO C., CATTANEO-VIETTI R.,
SARÀ M., CALABRIA F. and CORTESOGNO L. (1996)
— Selective incorporation of foreign material in
Chondrosia reniformis (Porifera, Demospongiae).
Ital. J. Zool., 63, 215-220.

BLACKFORD J. A., JONES W., DEY R. D. and
CASTRANOVA V. (1997) — Comparison of
inducible nitric oxide synthase gene expression
and lung inflammation following intratracheal
instillation of silica, coal, carbonyl iron, or
titaniumdioxide in rats. J. Tox. Environ. Health,
51, 203-218.

BOLIS V., FUBINI B., MARCHESE L., MARTRA G. and
COSTA D. (1991) — Hydrophilic and hydrophobic
sites on variously dehydrated crystalline and
amorphous silicas. J. Chem. Soc. Faraday Trans.
87, 497-505

CATTANEO-VIETTI R., ALBERTELLI G., BAVESTRELLO

G., BIANCHI CN., CERRANO C., CHIANTORE M.,
GAGGERO L., MORRI C. and SCHIAPARELLI S.
(2002) — Can rock composition affect sublittoral
epibenthic communities? P.S.Z.N.I Mar. Ecol,
23/1, 65-77. 

CERRANO C., ARILLO A., BAVESTRELLO G., BENATTI

U., CALCINAI B., CATTANEO-VIETTI R.,
CORTESOGNO L., GAGGERO L., GIOVINE M., PUCE

S. and SARÀ M. (1999a) — Organism–quartz
interactions in structuring benthic communities:
towards a marine bio–mineralogy? Ecol. Lett., 2,
1-3.

CERRANO C., BAVESTRELLO G., BENATTI U.,
BONPADRE S., CATTANEO-VIETTI R., GIOVINE M.
and SARÀ M. (1999b.) — Incorporation of
Inorganic Matter in Chondrosia reniformis
(Porifera: Demospongiae): the role of water
turbolence. Mem Queens Mus, 44, 85-90

DONALDSON K. and BORM P.J. (1998) — The Quartz
Hazard: a variable entity. Ann. Occup. Hyg., 287-
94. 

FAIMALI M., GARAVENTA F., TERLIZZI A., CHIANTORE

M. and CATTANEO-VIETTI R., submitted. The
interplay of substrate nature and biofilm formation
in regulating Balanus amphitrite Darwin, 1854
larval settlement. J. Exp. Mar. Biol. Ecol.

FENOGLIO I., MARTRA G., COLUCCIA S. and FUBINI B.
(2000) —Possible Role of Ascorbic Acid in the
Oxidative Damage Induced by Inhaled Crystalline
Silica Particles. Chem. Res. Toxicol., 971-975.

FUBINI B. (1998) — Surface Chemistry and Quartz
Hazard. Ann. Occup. Hyg., 42, 521-30.

FUBINI B., GIAMELLO E. and VOLANTE M. (1989) —
The possibile role of surface oxygen species in
quartz pathogenity. Inorg. Chim. Acta, 163, 187-
189.

FUBINI B. and FALLACE W.E. (1999) — Modulation
of silica pathogenicity by surface processes. In:
Adsorption Properties of Silicas, Papirer E.(Ed).
20, 645-664. Mercel Deker, New York.

GARRONE R. (1978) — Phylogenesis of connective
Tissue. Morphological aspects and biosynthesis of
Sponge intercellular matrix. S.Karger, Basel 250
pp.

GROPPELLI S., PENNATI R., SCARI G. and DE

BERNARDI F. (2003) — Influence of the substrate
on larval settlement of Phallusia mammillata. Ital.
J. Zool., 70, 321-326.

GUIDETTI P., BIANCHI C.N., CHIANTORE M.,
SCHIAPARELLI S., MORRI C. and CATTANEO–VIETTI

R., submitted. — Living on the rocks: substrate
mineralogy and structure of subtidal rocky
communities in the Mediterranean Sea. Oecologia.

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER

(1997) — Silica, some silicates, coal dust and
para–aramid fibrils. Monographs on the

R. CATTANEO-VIETTI, G. BAVESTRELLO, C. CERRANO, M. CHIANTORE, L. CORTESOGNO and L. GAGGERO148



evaluation of carcinogenic risk to humans. Vol.
68, Lyon, France.

ILER R.K. (1979) — The Chemistry of Silica.
Plenum Press, NY, 363 pp.

KELLEY W.L. (1999) — Molecular chaperones: how
J domains turn on Hsp70s. Curr. Biol., 9, 305-308.

LARDOT, C.G. HUAUX F., BROECKART F.R.,
DECLERCK P.J., DELORS M., FUBINI B. and LISON

D.F. (1998) — Role of urokinase in the fibrogenic
response of the lung to mineral particles. Am. J.
Resp. Crit. Care Med., 157, 617-628.

MARADONNA F., BAVESTRELLO G., CARDINALI M.,
OLIVOTTO I., CERRANO C., GIOVINE M. and
CARNEVALI O. (2003) — Role of substrata on
larval development of the freshwater teleost
Pelvicachromis pulcher. Molec. Reprod. Develop.
(in press).

MAYER M.P., SHROEDER H., RUDIGER S., PAAL K.,
LAUFEN T. and BUKAU B. (2000) — Multistep
mechanism of substrate binding determines
chaperone activity of Hsp70. Nat. Struc. Biol., 7,
596-593.

MCCALL P.L. and TEVESZ M.J.S. (eds) (1982) —
Animal–Sediment Relations: the Biogenic
Alteration of Sediments (Plenum Press: New
York). 

MISRA S., ZARAFARULLAH M., PRICE–HAUGHEY J.
and GEDAMU L. (1989) — Analysis of stress
induced gene expression in fish cell lines exposed

to heavy metals and heat shock proteins. Bioch.
Biophys. Acta, 1007, 325-333.

MOSSER D.D. and BOLS N.C. (1988) — Relationship
between heat shock protein synthesis and
thermotolerance in rainbow trout fibroblast. J .
Comp. Physiol., 158 B, 457-467.

PENNA A., MAGNANI M., FENOGLIO I., FUBINI B.,
CERRANO C., GIOVINE M. and BAVESTRELLO G.
(2003) — Marine diatom growth on different
forms of particulate silica: evidence of
cell/particle interaction. Aq. Microb. Ecol., 32,
299-306.

SCHELTEMA R.S. (1976) — Biological interactions
determining larval settlement of marine
invertebrates. Thalassia Jugosl., 10, 263-296.

SCHIAPARELLI S. and CATTANEO-VIETTI R. (1999) —
Functional morphology of the vermetid feeding
tubes. Lethaia, 32, 41-46.

TERAGAWA C.K. (1986a) — Particle transport and
incorporation during skeleton formation in a
keratose sponge Dysidea etheria. Biol Bull., 170,
321-334.

TERAGAWA C.K. (1986b) — Sponge dermal
membrane morphology: histology of cell mediated
particle transport during skeletal growth. J.
Morphol., 190, 335-48.

UNDERWOOD A.J. and CHAPMAN S.D. (1996) —
Scales of patterns of distribution of intertidal
invertebrates. Oecologia, 107, 212-224.

Interactions between aquatic biological systems and silica 149




