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Abstract. Polychaetes are important in the early stages of bioerosion of newly
available coral substrate often as a result of coral death by disease, bleaching, Crown-
of-Thorns starfish attack etc., and physical destruction during storms. A succession
of polychaetes are recruited to the substrate, which it is hypothesised, facilitates
subsequent recruitment by sponges, sipunculans and molluscs that are dominant in
‘mature’ boring communities. Recruitment of boring polychaetes varies according
to the type of substrate available, season and geographical location of substrate, and
environmental factors such as light, water quality, depth and wave exposure. The
mechanisms by which polychaetes bore still require further investigations.
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Introduction

Present day coral reefs are dynamic systems as were fossil reefs (Vogel 1993),
resulting from the balance between reef growth and erosion both physical and
biological. Biological erosion consists of losses of calcium carbonate by organisms
boring into the substrate. It involves a wide variety of borers such as microalgae,
fungi, sponges, molluscs, polychaetes and sipunculans (Hutchings 1986), which
often results in a honeycombed structure. Then when endolithic algae and fungi are
embedded in the substrate (Le Campion-Alsumard et al. 1995), it makes it highly
susceptible to grazing by herbivores such as echinoderms, molluscs and certain
species of fish (Bellwood and Choat 1990; Conand et al. 1998), which physically
remove the substrate containing the algae. This porous structure also makes the
substrate more susceptible to physical and chemical erosion, as water is pumped
into the borings and buffeted by waves and currents that may cause dislodgement
of parts of the coral substrate, especially upright dead coral colonies (Glynn 1997).
Water movement facilitates the chemical dissolution of calcium carbonate substrates
and while no detailed measurements have been made on the dissolution of reef
substrate, a study by Fulton and Bellwood (2005) on rates of dissolution of gypsum
(calcium sulfate) in reefal environments found that rates varied significantly with
wave motion. While gypsum dissolves faster than calcium carbonate it does provide
an indication of the relative rates of dissolution in a variety of reefal environments
and that areas of high water movement experience the highest rates of dissolution,
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although relative to biological erosion rates are very small. It is important to stress
that these agents of reef destruction, biological, chemical and physical, interact
all together and vary between habitats and geographical areas in space and time
(Le Campion-Alsumard et al. 1993). All rates of bioerosion will of necessity include
a component of chemical and physical erosion, as dissecting out the individual
components is not possible.

Once a coral colony dies as a result of various events such as predation, disease
or being physically dislodged by storms, it is rapidly colonised by micro-organisms
including endolithic algae, viruses (Tribollet et al. 2005) and presumably bacteria,
which are attracted to the dying or dead coral tissue. The surface of this dead colony
rapidly becomes pale green as algae colonises both the surface and the substrate
immediately below the surface (Chazottes et al. 1995).

Recruitment of boring organisms is believed to be entirely via pelagic or benthic
larvaec which settle on the substrate, metamorphose and rapidly bore into the
substrate (Hutchings 1986). As live corals are active carnivores, recruitment onto
live coral colonies is difficult or restricted to areas where polyps are damaged or
very scarce. In contrast, dead corals or dead parts of live coral colonies and coral
substrate are actively bored. Traditionally, only mature bored colonies have been
studied, where conspicuous borers include extensive sponge colonies, bivalves
and sipunculans (Glynn 1997). However, it is also important to understand the
initial stages of bioerosion, and to determine the substrate susceptibility, and to
assess if these initial stages have an influence on the development of mature boring
communities. In situ studies on massive colonies of Porites lobata Dana, 1846
ranging from living colonies to 100% dead colonies in French Polynesia showed
that boring rates increased with the time elapsed since the death of the colony, and
that the dominant agents of boring also changed with increasing age of the coral
structure (Peyrot-Clausade et al. 1992). As coral reefs are becoming increasingly
degraded by bleaching events, diseases, Crown-of-Thorns starfish attacks etc.
(Wilkinson 2004), it is becoming more and more critical to understand how the
balance between reef construction and reef destruction is being altered, and which
can lead to loss of reef framework and all the ensuing consequences of this (Glynn
1997; Holmes et al. 2000; Salvat et al. 2001).

To date virtually all the experimental studies have been carried out on
massive species of Porites Link, 1807, with only one study (Musso 1994) using
colonies of Acropora Oken, 1815. Preliminary studies on the complete infauna
(borers + nestlers) on a range of coral substrates composed of a variety of
morphological types of coral at One Tree Island, Great Barrier Reef, found
considerable differences between branching, massive and columnar type corals in
terms of the biomass and diversity of infauna (Hutchings 1974). The highest biomass
and diversity occurred in the substrates composed of the massive species and the
least in the samples of dead organ pipe corals. This suggests that borers favour
substrates composed of large colonies of dead massive species as these habitats
are less vulnerable to physical destruction and provide sufficient space for borers
to either become large as in the case of some polychaetes, sipunculans or bivalves,
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or form massive colonies such as sponges (Hutchings 1974). Branching thickets of
Acropora have limited numbers of borers as the physical dimensions of the branches
limits large borings from forming (Hutchings et al. unpublished data).
Traditionally, boring sponges, molluscs and sipunculans have been regarded
as major bioeroders and, certainly, they are responsible for substantial losses of
coral substrate in mature boring communities (Hutchings 1986; Perry 1998). The
mechanisms by which these animals bore are reasonably well documented and
include both chemical dissolution as well as mechanical abrasion or a combination
of both (Lazar and Loya 1991; Mao Che et al. 1996; Schonberg and Wilkinson
2001). These organisms are conspicuous when coral colonies are broken open and
as well, they are easily recognised in fossil coral reefs. During the past 20 years
using experimental techniques, the initial stages of bioerosion of recently killed
coral has been investigated in the Pacific both in relatively pristine and disturbed
environments. This review discusses the findings of these studies dealing with
polychaete borers. To assist in this review line drawings of the common polychaete
borers and the structures which they use to bore are provided in Figures 1 to 3.

Study techniques

To study the recruitment of the early borers to recently killed coral substrates,
colonies of live coral are collected, typically one of the massive species of Porites.
The layer of live polyps are trimmed off and regular sized blocks are cut using a
band saw. Any blocks with signs of boring are discarded. The resultant blocks are
then washed, dried and measured and so when the samples are returned to the reef
and firmly attached, one is certain that no living organisms are present in them.
The blocks (Fig. 2A) are then collected at intervals to document the distribution
and abundance of the infauna, over time, allowing the succession of borers to be
determined. Early studies used to place the blocks in an acid mixture, to dissolve
the calcium carbonate substrate and to extract the animals, which are often small
and impossible to extract in any other way (Kiene and Hutchings 1994). Following
dissolution, the resultant residue consists of a matrix of endolithic algae and a suite
of animals, and it is relatively easy to extract them intact and to sort them to species.
More recently, the collected blocks are cut in half, one to be treated as above, the
other to be used to determine boring, accretion and grazing rates, and allowing net
rates of gains or losses to be calculated (Fig. 2B; Tribollet et al. 2002).

Bioeroders

Distinguishing between nestlers and borers

The polychaetes extracted after acid dissolution include both borers and species
that enter the coral substrate after borings have been established to settle inside.
The latter are referred to as ‘nestlers’ or ‘opportunistic species’ (Hutchings 1983)
and separating them from borers can be problematic. However, knowing the
morphology and ecology of the groups, as well as examining the species in situ
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in coral substrate, allows the identification of the real borers, and to characterise
their borings. Some of these polychaete borers are also found in other calcareous
substrates such as limestone and mollusc shells, especially species of spionids and
sabellids. One genus of the polychaete family Sabellidae, Caobangia Giard, 1893,
are found boring into mollusc shells. They occur in ‘blind-ending tear drop-shaped
burrows’ according to Giard (1893). Later, Jones (1969, 1974) was able to expand
these descriptions based on additional material becoming available and moved the
genus into a new family Caobangiidae. The genus represented by several species
was found in 22 species of molluscs from fast flowing streams in South East Asia and
the Philippines at elevations from 800 to 1300 m. This genus appears to be restricted
to freshwater and only bores into mollusc shells belonging to several genera. Recent
phylogenetic studies have suggested that the family should be placed back within
the Sabellidae (Beesley et al. 2000).

Which polychaetes bore?

Polychaetes which dominate the initial stages of colonisation of experimental
substrates belong to a wide range of families and species. They have been observed to
occupy tight borings, similar to its body width, although sometimes more than twice
its body length (Chughtai and Knight-Jones 1988). Those belonging to sedentary
species (such that they cannot be extracted from the borings easily) are certainly
borers, while those occupying cavernous borings and moving freely are nestlers.
Basically, there are only two options for providing an explanation of how boring
species can actually bore into hard substrates. First they can secrete substances
to dissolve the substrate or, secondly they can use hard structures such as teeth
or spines (Fig. 1D, H-I) to physically erode the substrate. Perhaps a combination
of both mechanisms is also possible. Among polychaetes, one of the best known
groups of borers are the polydorids, which include several species of Spionidae
(e.g., Polydora Bosc, 1802 and Dipolydora Augener, 1914) having modified
chaetae on the 5 chaetiger; Fig. 1B, H-I). Polydorids are known to bore into a wide
variety of calcium carbonate substrates including mollusc shells and limestone as
well as coral substrates (Blake and Evans 1973; Zottoli and Carriker 1974; Simon
et al. 2006). While some polydorids are found in benthic muddy substrates (Wilson
2000), all species occurring in coral substrates are regarded as borers and are always
found in tight fitting borings. The exact method of boring is unknown in corals but
has been extensively studied in commercial mollusc species (Evans 1969). Thus,
it is not surprising that the boring mechanism by these polychaetes has been the

Fig. 1 A Anterior end of Notaulux sp.; arrow indicates glandular collar; scale 1 mm.
B Anterior end of Polydora sp.; arrow indicates position of modified chaetiger 5; scale 1.5 mm.
C Anterior end of Lysidice Savigny, 1818; scale 2 mm. D Dissected jaws of Lysidice sp.;
scale 0.6 mm. E Anterior end of Dodecaceria sp.; scale 1 mm. F Transverse section of
Notaulux in thoracic region; Alcian blue / fast red stain; scale 150 pm. G Transverse section
of thoracic segment of Eunice Cuvier, 1817 showing notopodial gland. H-I SEM of spines
of Polydora sp. from Porites spp. at Lizard Island; scale 10 pm. (dm = dorsal musculature,
n = nephridium, ng = notopodial gland, ns = notochaetae, oe = oesophagus, vgs = ventral
glandular shield, vim = ventral musculature, s = chaeta, cs = capillary chaeta; Figures A-E:
redrawn from Day 1967)
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best studied, as their extensive borings reduce the value of the infested shells and,
if heavily infested, may be lethal to the molluscs. It was suggested that boring was
assisted by the modified chaetae on chaetiger 5 (Fig. 1B, H-I) and that the ventral
epithelium and segmental mucus glands produced acid mucopolysaccharides
(Dorsett 1961), which may bring about decalcification by acting as chelating agents
(Simkiss and Tyler 1957). Nevertheless, Polydora websteri Hartman, 1943, could
still bore after removing the modified chaetaec (Haigler 1969). The same species
boring into Crassostrea Sacco, 1897 and Mytilus Linnaeus, 1758, secretes a viscous
fluid, which dissolves interprismatic and interlamellar organic matrices and then
dissolves the exposed crystals (Zottoli and Carricker 1974). However, the actual
composition of the fluid was not determined. Although this substance has not been
further identified, it was suggested that it is secreted along the body of the worm
and that it is able to dissolve mollusc shells (Sato-Okoshi and Okoshi 1993). It
seems likely that similar processes occur when polydorids bore into coral substrate.
These polychaetes are among the earliest colonisers of the experimental substrates
and after just 3 months, they may already form dense colonies. Species of Polydora
may spawn in either summer or spring, while other polydorids deposit egg capsules
in winter, which release pelagic larvae in spring (Blake 1969). Recruitment varied
between sites, depending on the local composition of the polydorid populations and
environmental conditions, which suggests that competent larvae may be available
for recruitment throughout much of the year (Hutchings et al. 1992).

Another well represented group are species of Dodecaceria Orsted, 1843
(Cirratulidae). After successful recruitment by pelagic larvae, and establishment,
these worms can then rapidly build up large populations within a chamber (Figs.
1E, 3E). They use asexual reproduction where adult worms split up into individual
segments, and each developing into miniature worms, using the process of
fragmentation (Gibson 1977). However, these asexually produced recruits appear
unable to produce their own borings (Gibson and Clark 1976). This group of
polychaetes is also commonly found boring into calcareous substrates in both
temperate and tropical areas. These animals must secrete an acid like secretion,
as they have no hard structures capable of eroding the substrate. The flask-shaped
chambers are connected to the exterior by a narrow passage and these surface
deposit feeding animals protrude their long palps from the chamber to collect fine
sediments which are washed into or onto the substrate (Fig. 3E). Dodecaceria
concharum Orsted, 1843 produces a straight boring in bivalve shells, which tend
to expand towards the blind end, but the method by which it bores is not known
(Evans 1969). Dodecaceria species are present within 3-6 months of exposure in
experimental coral blocks and they are abundant in areas where the substrates are
subjected to high sediment loads from river run off or from nearby inter reefal areas
where regular trawling occurs (Hutchings et al. 2005; Osorno et al. 2005).

Fig. 2 A Experimental block of Porites collected after 12 months of exposure. B Block cut
into slices revealing internal borings; arrow indicates worm boring. C Longitudinal section
along Notaulux boring under the SEM; scale 30 pm. D Longitudinal section of Notaulux under
SEM; scale 30 um. E Lysidice sp. boring in Porites under SEM; scale 30 um. F Lysidice sp.
boring in Porites under SEM; scale 30 um. G Eunice sp. in Porites; scale 30 pm
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Another family which has several boring representatives are the Sabellidae
(Chughtai and Knight-Jones 1988), which include species of Notaulux Tauber,
1879, Megalomma Johansson, 1926, Pseudopotamilla Bush, 1904, Perkinsiana
Knight-Jones, 1983 and Terebrasabella Fitzhugh and Rouse, 1999. Common in all
experimental coral blocks is a species of Notaulux, which has been referred to as
Hypsicomus Grube, 1870 (see Peyrot-Clausade et al. 1992 and subsequent papers;
Fig. 1A). Most species of Hypsicomus were transferred to Notaulux (see Perkins
1984) and subsequently an additional species of Notaulux including an illustration
of a longitudinal section of the tube buried deep within Porites was described
(Nishi and Nishihira 1999). Nofaulux seems to be very common throughout the
Indo-Pacific and typically includes boring species (J. Gil pers. comm.). However, it
is still unclear, whether it represents one widely distributed species or several. This
group of fan worms are found in tight fitting flask-shaped tubes lined with chitin
and, in both experimental and ‘natural’ habitats, they are found penetrating deep
into almost pristine coral, but still maintaining an opening allowing them to expand
the branchial crown for filter feeding and respiration (Figs. 2C-D, 3A-B, D). Like
Dodecaceria they have no hard structures capable of eroding the substrate. Thus,
boring by an acid-like secretion must be assumed. Sabellids have well developed
glands at the base of the branchial crown, although attempts to identify the nature
of the substances extruded by these glands were unsuccessful (Hutchings unpub.
data; Fig. 1F). However, this is the most likely secretory area, given that the rest of
the body is far less glandular. Studies on species boring into limestone on the Welsh
coast strongly indicate that the substrate was removed by chemical dissolution aided
by the boring irrigation of the cavity by muscular action and faecal removal by cilia
(Chughtai and Knight-Jones 1988). These authors also found that the chaetae rarely
exhibited any sign of damage or wear which could have resulted from mechanical
boring into hard rock. Another group of sabellids, the fabriciniids, have also been
identified as borers (Peyrot-Clausade et al. 1995) but the data supporting this is
weak as the animals are very small and about the size of the pores in the coral
matrix. While present in the earliest experimental blocks, fabriciniid borings are
impossible to distinguish from the coral structure.

The other group of polychaete borers are the eunicids and several species are
involved (Fig. 1C). They typically do not occur until several months after the
experimental substrates have been exposed and they become more abundant as
the boring communities mature. Eunicids (including species of Eunicidae and
Dorvilleidae) have well developed, complex jaws (Fig. 1C-D) and occur in well
developed borings (Figs. 2G, 3C, F). Detailed examinations of the walls of these
borings using SEM reveal gouges resembling tooth marks, and fragments of coral
substrate are often found between the numerous teeth which constitute these
complex jaws (Hutchings unpubl. data; Fig. 2E-F). Acid secretion may also occur
although this has not been documented (Fig. 1G).

In summary the identification of boring species of polychaetes depends on the
shape of the boring relative to the animal, the distribution of borings in the substrate
both in the experimental substrates as well as in in situ substrates. Polychaete borings
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Fig. 3 A Boring of Notaulux sp.; scale 1 mm. B Notaulux sp. emerging from boring; scale 1 mm.
C Eunice sp. in boring; scale 1 mm. D Sabellid boring in section of experimental block; scale
10 mm. E Dodecaceria sp. in section of experimental block; scale 10 mm. F Eunicid boring
in section of experimental block together with a sipunculan tube; scale 10 mm

are characteristic in shape so that examining thin sections of substrate in order to
measure rates of loss of calcium carbonate, will allow identification of borings as
belonging to polychaete worms rather than to other borers (Hutchings et al. 2005;
Fig. 2B-C). More detailed information on the exact mechanism of boring is needed
but it is difficult to study these small worms. However, it should be possible now
to actually measure the microenvironments within individual borings to detect acid
secretion and characterise its composition, although to date this has not been done.
The only detailed investigation was undertaken by Zottoli and Carriker (1974) who
studied boring in Polydora by examining live worms living in artificial preparations
of polished shell covered with plastic film. They found that the worms can settle
in crevices on the shell surface and they slowly penetrate the shell forming a U- or
flask-shaped cavity by secreting a viscous fluid which dissolves the interprismatic
and interlamellar organic matrices and then the exposed crystals. SEM of the borings
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reveal a complex pattern of internal dissolution. They found no evidence of chaetal
abrasion on the shell walls even under high magnification. It seems likely that a
similar process of boring would occur in coral substrates.

Succession of borers

Experiments carried out both on the Great Barrier Reef and the Coral Sea as
well as in French Polynesia clearly show a succession in the polychaete borers.
Newly available substrate is heavily colonised by Polydora spp., (Spionidae),
Schistomeringos Jumars, 1974 (Dorvilleidae belonging to the eunicids) and
Notaulux (Sabellidae), with initially increasing densities that decline after 12-15
months. With increasing exposure, other eunicids arrive as well as Dodecaceria spp.
In mature boring communities, large eunicids are common, often reaching many cm
in length (Hutchings et al. 1992). The relative densities of the different borers vary
according to habitat and location. In the northern Great Barrier Reef, Polydora sp.,
favoured more oceanic sites, whereas Dodecaceria sp. preferred more inshore sites
with higher levels of turbidity (Osorno et al. 2005). In contrast, in French Polynesia
Polydora spp. favoured the more polluted sites where turbidity run off levels were
high (Hutchings and Peyrot-Clausade 2002). Unfortunately, no long term data were
available from the most polluted site at Faaa, as the experimental substrate was
completely eroded after only two years of exposure (Pari et al. 1998). At Faaa,
the densities of polychaete borers were determined after 6 months of exposure.
However, the grazing rate by the echinoid Echinometra mathaei Blainville, 1825
which was present in high numbers, was such that the surface of the blocks was
being heavily eroded, so that the borers present in the peripheral areas of the
experimental substrate were constantly being removed, so the recorded densities of
the borers were seriously underestimated. Nevertheless, the presence of Polydora
and Dodecaceria was reported at this highly polluted site (Peyrot-Clausade et al.
1995; Pari et al. 1998; Hutchings and Peyrot-Clausade 2002).

Due to the nature of the boring communities, the substrate must always be
destroyed to extract the borers. Thus, while one can document the densities and
species composition at a particular point and time, and then compare them with the
next sampling time, this may not reflect the real dynamics of the boring community
during the period between sampling. Some polychaetes have life cycles ranging
from a few weeks to several months, so that it is possible that generations have come
and gone between the sampling periods. All studies on early stages of bioerosion
have found considerable variation between replicate blocks collected at the same
sampling period. However, these differences are less than those found between sites,
suggesting that recruitment patterns at the local scale are variable. Certainly, larvae
recently settled on the block are extremely vulnerable to predation or they may be
easily washed off by local currents (Sebens and Johnson 1991) until they actually
bore into the substrate. In fact, the highest density of larvae of boring sabellids
occurred around surface concavities, which provides shelter from wave action, but
also harbor many predators (Chughtai and Knight Jones 1988). They suggest that, at
this stage, larvae are most vulnerable so that a high mortality must be presumed.
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Seasonality of recruitment

A distinct seasonality of recruitment has been demonstrated, reflecting that of
breeding for many of these polychaete borers (Hutchings and Murray 1982;
Hutchings et al. 1992; Hutchings and Peyrot-Clausade 2002). Maximum recruitment
occurs during the summer months, with windward and reef flat sites being preferred.
Recruitment varies over time at a particular site and patterns of recruitment vary
between sites over time (Hutchings and Peyrot-Clausade 2002). However, any newly
available substrate is colonised rapidly regardless of the time of year (Hutchings et
al. 1992). In addition, at Lizard Island (Great Barrier Reef), significant variations
between years occurred at individual sites, likely reflecting variations in larval
supply, and / or recruitment success, which in turn will be modified by variations
in weather patterns between years (Hutchings et al. 1992). In addition, significant
differences occurred between sites over a four-year period at Lizard Island, with a
windward slope site at 10 m and the reef flat being the preferred recruitment sites
for borers (Kiene and Hutchings 1994). Similar patterns were found over a five-year
period, in French Polynesia (Pari et al. 2002).

Rates of boring

The few published rates of worm borings include both polychaetes and sipunculans
(Peyrot-Clausade et al. 1992; Kiene and Hutchings 1994; Osorno et al. 2005).
However, they are not directly comparable as Osorno et al. (2005) determined
rates of loss from examining thin sections and estimating the volume of the boring
volumes, whereas the other two studies estimated rates of loss of calcium carbonate
by measuring the volume of the worms. The highest rates recorded at Lizard Island
(Great Barrier Reef) were 0.104 kg/m? (Kiene and Hutchings 1994), whereas those
recorded in French Polynesia were 0.1979 kg/m? (Peyrot-Clausade et al. 1992). But
rates which included both polychaetes and sipunculans across the Great Barrier
Reef varied from 0.113 = 0.066 to 0.356 + 0.243kg/m? (Osorno et al. 2005). It must
be taken into account that all these net rates are almost certainly underestimates, as
worm borings in the outer layers of the substrate are habitually being removed by
grazers, and the borings of small worms are difficult to identify in thin sections.

Discussion and future areas of research

While polychaetes have been shown to be important colonisers of newly available
coral substrate, their importance declines as the boring community ages so that other
boring agents tend to become dominant. It has been suggested that the small borings
created by the polychaetes and their high rate of turnover facilitates the recruitment
of other borers such as sponges, bivalves and sipunculans which are never found
in substrates made recently available. However, it seems difficult to actually test
this hypothesis, taking into account our knowledge of the actual settlement and
larval boring process. An additional problem is to actually measure the polychaete
boring rates, as those calculated from thin sectioning of bored substrates by Pari et
al. (2002) and Osorno et al. (2005) are almost certainly underestimates. Moreover,
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although sipunculans tended to be less numerous than polychaetes, these authors
grouped polychaetes and sipunculans together as worm borings. Measuring rates
may also be problematic as these early colonising borers occur in the surface layers
of the substrate, and this is the region more susceptible to being removed by grazers
unless it is protected by heavy layers of silt, which inhibit the development of
endolithic algae (Osorno et al. 2005).

Another area requiring urgent attention is the resolution of the species-level
taxonomy of the taxa involved. This will reveal whether some boring species are
really widely distributed Indo-Pacific species, as currently suggested, or a suite
of cryptic species. However, this will require major taxonomic revisions of the
groups.

Finally, while this review has by default concentrated on experimental studies in
French Polynesia and the Great Barrier Reef (Australia), similar data are required
from the eastern Pacific and the Caribbean. Some bioerosion studies have been carried
out in Indonesia (e.g., Holmes et al. 2000) but did not look at the polychaetes. In
the tropical eastern Pacific, the bioerosion by polychaetes in Pocillopora Lamarck,
1816 was investigated, revealing that, although present at all the study sites, were
the least important of the bioeroders (Londofio-Cruz et al. 2003).

Most of the experimental work referred to above used blocks of Porites.
However, one study on Acropora has been carried out (Musso 1994). In this case,
polychaetes were found to be important early colonisers, suggesting that similar
processes would occur in both coral species. As the amount of dead coral continues
to increase with increasing reef degradation (Wilkinson 2004), we are witnessing
increasing bioerosion rates (Pari et al. 2002), suggesting that the initial colonisation
of substrates by polychaetes is important in facilitating the subsequent processes.
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