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ABSTRACT

The influence of the tube-building spionid Polydora ciliata Johnston on benthic community, sediment properties and
exchange processes through the sediment surface was investigated. Findings showed that spionid tube lawns (eight or more
tubes. cm-2) lowered sediment stability and enhanced accumulation of suspended particles. Organic matter was selectively
transported into the sediment via feeding, which enriched sediments by up to 100 %. Only a slight increase in fluid transport in
the upper sediment layers was attributed to P. ciliata. Polydora tube lawns significantly increased abundance and diversity of
meio- and macrofauna. Further, they increased food input to the sediments and substrate area for colonization by micro- and
meiofauna. Their fecal pellets may serve as a food source for meiofauna and chemotrophs in deeper sediment layers. Hence,
Polydora ciliata, a well known pioneer species, reconditions disturbed sediments. where it may represent a food item for
benthic grazers.

RESUME

Influence du Polychéte Spionidé tubicole Polydora ciliata sur les parametres benthiques, la faune associée et les
processus de transport

On a étudié l'influence du polychete Spionidé tubicole Polydora ciliata Johnston sur la communauté benthique, sur les
propriétés des sédiments et sur les processus d'échange a travers la surface du sédiment. Les résultats ont montré que les
pelouses de tubes de spionidés (huit ou plus tubes par cm?) réduisaient la stabilité du sédiment tandis qu'elles favorisaient
I'accumulation des particules en suspension. De la matiere organique €tait sélectivement transportée dans le sédiment a travers
le processus de nourrissage. ce qui enrichissait le sédiment jusqu'a 100 %. Seule une faible augmentation du transport des
fluides dans les sédiments superficiels a pu &tre attribuée a P. ciliata. Les pelouses de tubes de Polydora augmentent
significativement 'abondance et la diversité de la méio- et de la macrofaune. De plus, elles augmentent I'apport de nourriture
dans les sédiments et créent le substrat pour la colonisation par la micro- et méiofaune. Leurs excréments peuvent servir
comme source de nourriture pour la méiofaune et les chémotrophes dans les couches profondes de sédiment. Ainsi. P. ciliata,
espece opportuniste bien connue, améliore les sédiments perturbés, ou elle peut représenter une source de nourriture pour les
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brouteurs benthiques.

INTRODUCTION

Tube-building benthic organisms significantly affect processes at the sediment-water interface by their
behavior, e.g. feeding, burrowing, defecation and tube irrigation (ALLER, 1978; FERAL, 1989; FRITHSEN &
DOERING, 1986; McCALL & TEVESZ, 1982; Noil & Noi1, 1991; RHOADS, 1974; SCHMAGER, 1988; WEINBERG &
WHITLATCH, 1983; WEINBERG, 1984; WHITLATCH & ZAJAK, 1985). Tubes which protrude into the water column
influence direction and speed of the laminar bottom current (CAREY, 1983; VOGEL, 1981), the sedimentation rate
of sinking particles (CAREY, 1983) and sediment stability (ECKMAN et al., 1981). Therefore, tube-building
organisms affect associated fauna (ECKMAN & THISTLE, 1991; OLAFSSON et al., 1990; REICHARDT, 1986,
TRUEBLOOD, 1991, WOODIN, 1981). The extent of this influence depends upon tube diameter, density of
colonization (NOWELL & CHURCH, 1979), microbial binding of the sediment surface (FAGER, 1964; ECKMAN e
al., 1981) and sediment structure (RHOADS et al., 1978).

In Kiel Bight (western Baltic Sea) the spionid polychaete Polydora ciliata Johnston is one of the most
important opportunistic species (KOLMEL, 1979). After deterioration of environmental conditions P. ciliata can
occur in high densities. Eight or more tubes per cm? sediment surface are here defined as Polydora tube lawns. In
a study by WEIGELT (1991) a mass occurrence of opportunistic species (Polydora sp., Capitella capitata, Diastylis
rathkei, Harmothoe sarsi) was used to indicate oxygen depletion.

This study concentrated on the influence of this spionid on benthic organisms, sediment parameters and
transport processes through the sediment-water interface. A comparison of natural sediments from Kiel Bight with
and without Polydora lawns addressed the following questions: 1. Does a dense tube lawn stabilize or destabilize
the sediment ? 2. Do the activities of P. ciliata have an impact on other organisms ? 3. What is the influence on
processes of fluid transport ?

MATERIAL AND METHODS

Sediment and fauna were sampled 10 times between May and November 1987 at a fixed station
(54°33°N,10°14°E) with a depth of 19 m in Kiel Bight, Baltic Sea. Sediment with and without tube lawns was
collected using a Reineck grab (20 x 30cm opening). Subsamples were extracted with cylindrical Plexiglas cores
of 10 cm (redox and biomass analyses) and 5 cm (meiofauna) diameter. Macrofauna was collected with a Van
Veen grab (0.1 m? collecting area). Fluid transport rates in the sediment were studied in 30 cm long Plexiglas
cores (10 cm in diameter) containing "artificial" sediment prepared by sieving through 500 pm mesh, incubation
without aeration for 5.5 weeks and homogenization. Polydora was added to half the samples, and tube lawns were
soon established.

In I-cm intervals relative sediment stability using a fall cone penetrometer (Geonor AS, Oslo, EKMAN, 1947),
grain size (ATTERBERG, 1905, modified) and water content (gravimetric) were measured. Relative stability was
estimated from the penetration depth of a vertically falling cone which is released directly above the surface of the
studied sediment layer. The measurements were conducted shipboard to avoid transport related artifacts. Redox
potential was measured with a platinum Eh-electrode (Ingold. Pt-4800-MS5) in 0.5 cm intervals.

For biomass analyses sediment was cut into 0.5 and 1 cm layers for intervals above and below 3 cm,
respectively. five parallels for chlorophyll @ and pheopigments (UNESCO method, JEFFREY & HUMPHREY, 1975),
adenosine triphosphate (ATP ; PAMATMAT et al., 1981) and organic matter (POM) (combustion at 500 °C for 24 h)
were measured for respective intervals from five cores. Individuals of P. ciliata were randomly selected and
measured for ATP.

For meiofauna analyses defined volumes of sediment from 1 cm intervals were preserved in a buffered
formalin/seawater solution (4 %) with Rose Bengal (stains protoplasm). Meiofauna (> 45 pum) was extracted
according to JENSEN (1983). Macrofauna was sieved (500 pm) and preserved in a buffered formalin/seawater
solution (4 %). Numeration and identification of major taxa were made using a dissecting microscope.
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Fluid transport (DICKE, 1986; KITLAR, 1991) in the sediment was measured using sodium bromide solution
added o water above the sediment (o a concentration about 50 times higher than natural. For four days water was
regularly monitored for changes in concentration, after which sediments were sectioned, porosity determined and
bromide concentration in the porewater measured (KREMLING, 1983).

RESULTS

Analyses of grain size and redox potential revealed that the sediment was silty sand (SHEPARD, 1954) and
became anoxic (JORGENSEN & FENCHEL, 1974) below 1 c¢m depth. The data for redox potential and grain size
spectra showed no related differences over time or between the sediments with and without Polydora lawns. For
all sampling dates relative sediment stability increased with depth, reflecting an increase in sand content from
about 42 to 55 % from the surface to 8 cm depth. Relative stability of sediment with tube lawns was slightly
lower, i.e. the fall cone penetrated 1 to 3 mm deeper into the sediment. The porewater content generally decreased
from about 60-70 % wet weight at the sediment surface to about 36 % in 6-8 cm depth; for samples with a tube
lawn values were about 5-10 % higher (Fig.1). In 5.5 cm sediment depth the porewater content of the samples
without a lawn are starting to be larger than the values for the samples with lawns.
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FIG. 1. — Porewater content (% of sediment wet weight (WW)) of the sediment on 27 August 1987. Mean values with

standard deviations (bars) of three measurements per sediment depth layer. FIG. 2. — Abundance of foraminifera in the
sediment on 8 May 1987. Mean values with standard deviations (bars) of five measurements per sediment depth layer (two
measurements per depth layer below 5cm). FIG. 3. — Chlorophyll a content of the sediment. Mean values with standard
deviations (bars) of five measurements per depth layer. (a) 8 May 1987, (b) 1 July 1987. FIG. 4. — ATP-content of the
sediment. Mean values with standard deviations (bars) of five measurements per depth layer in a mixed sample. (a) 8 May
1987, (b) 1 July 1987.

Significant differences between sediments with and without lawns were found for biomass parameters in the
sediment. Chlorophyll a content at the surface of samples with a lawn was approx. 2.5 times higher than in the
sediments without a lawn on 8 May 1987 (Fig. 3a). On 1 July both sediment types had similar mean
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concentrations in the surface layers (Fig. 3b). Likewise, mean ATP-concentrations in sediments with a tube lawn
were 10 times higher in the surface layer (Fig. 4a). After subtraction of Polydora-ATP, the ATP-content in the
sediments with a tube lawn was still 5.5 times higher. On 1 July the difference between the sediments was smaller,
but the total ATP content had increased (Fig. 4b). The organic matter content was very similar in both sediment
types on 1 July 1987, and surface values of 22-24 mg POM. cm-3 increased to about 28mg POM. cm-3 below 1 cm

sediment depth.

The meiofauna analysis showed differences in diversities and abundances between the two sediment types.
Representatives of the following groups were found: Nematoda, Harpacticida, Ostracoda, Halacarida, Turbellaria,
Foraminifera, Tardigrada, larvae of Decapoda, Mollusca and Priapulida. In sediments with a tube lawn meiofauna
was more diverse and 2 to 3 times more abundant than in the sediments without a lawn, i.e. 112.6 vs. 44.9
individuals. cm-3 in the upper cm of the sediment. Corresponding differences for nematodes (84 vs. 40 ind. cm-3 in
0-0.5 ¢cm) and the foraminifer Elphidium sp. (approx. 13.6 vs. 1.5 ind. cm-3 in 0-0.5 cm) (Fig. 2) were especially
large. Regarding macrofauna, mostly juvenile organisms were found, and diversity and abundance were greater in
sediments with a moderate Polydora population (Tab.1). Besides Polydora ciliata the agglutinated foraminifer
Ammotium cassis Parker was the most common species (3519 vs. 157 ind. 0.1 m-2 in sediments with and without a
lawn, respectively). The foraminifera were located directly below or between Polydora tubes.

TABLE 1. — Macrofauna abundance (ind. 0.1 m-2) in sediments with a moderate (less dense than a tube lawn)
population of P. ciliata and with few P. ciliata.

Macrofauna With many P. ciliata With few P. ciliata
Foraminifera ]
Ammotium cassis 3519 157
Elphidium sp. 42

Priapulida

Halicryptus spinulosus 18 3
Halicryptus larvae 3 2
Bivalvia

Mysella bidentata 79 6
Mytilus edulis 11 2
Arctica islandica 6 1
Corbula gibba R

Cerastoderma edule 1
Polychaeta

Polydora ciliata 1142 22
Capitella capitata 91 20
Heteromastus filiformis il 37
Paraonis gracilis 54 SIl
Harmothoe sp. 18 5
Anaitides maculata 9 3
Pectinaria koreni 4

Scoloplos armiger 3

Nephtys sp. |

Eteone elongata |

Ostracoda 13 4
Malacostraca

Diastylis rathkei 62 4
TOTAL 5152 318

Studies on fluid transport in artificial sediments showed slightly increased transport rates (0.1-0.2 mg bromide.
cm-3 in addition to molecular diffusion) down to 6¢m sediment depth in the samples with a tube lawn (Fig. 5). It
was assumed that the samples without tube lawn represent the pure tracer input by molecular diffusion as all
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macrofauna was excluded before the experiments were started. The molecular diffusion coefficient (Ds = 5.0+/-
0.8. 10-6 cm. s-1) is quite low compared to the coefficient in natural sediments in Kiel Bight (KITLAR, 1988).

DISCUSSION

CHARACTERISTICS OF POLYDORA CILIATA JOHNSTON. — Polydora ciliata Johnston (body length < 30 mm) is a
cosmopolitan polychaete (RAMBERG & SCHRAM, 1983) which expresses typical opportunistic life patterns
especially in disturbed environments (PEARSON & ROSENBERG, 1978; RUMOHR, 1980) and reproduces nearly the
whole year round with pelagic larvae (RAMBERG & SCHRAM, 1983). It is able to increase very rapidly forming
spionid tube lawns. One reason for the concentrated settlement of spionid larvae next to adult individuals may be
the chemosensory recognition of conspecific tubes or of chemical analogs of the tube cement (JENSEN, 1991).
Video sequences from the present study site showed that Polydora tube lawns covered an area of 10 to 20m?2.
Within these lawns were tubeless zones of 0.8 to 1 m2 area, reasons for this colonization pattern are unknown. P.
ciliata builds an approx. 5-cm long U-shaped tube which protrudes out of the sediment. The polychaetes either
filter feed on suspended particles in the bottom water or deposit feed on sediment when the current falls below
acertain speed (DAUER et al., 1981; TAGHON er al., 1980). Filter feeding can be important for maintenance of
water quality within moderately polluted systems (DAVIES et al., 1989). Filter feeding by pelagic spionid larvae
can influence phytoplankton stocks (WATRAS et al., 1985) via selectivity during feeding. The fecal pellets are
stored in specific parts of the tube between 1 and 3 cm sediment depth (SCHAFER, 1962).

Fluid Transport
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FIG. 5. — Biogenic fluid transport in artificial sediment with tube lawns measured by the concentration of bromide in the

sediment pore water in three parallel experiments. (Samples without tube lawns were assumed to represent the pure tracer
input by molecular diffusion. They served as base line (0-value in the graphs) in the calculations).

EFFECT ON SEDIMENTS. — Decreased relative sediment stability and higher water content are associated with
burrowing, tube building, defecation and irrigation of the tubes by P. ciliata populations. The expected differences
in grain size (FERAL, 1989; LUCKENBACH er al., 1988) between the sediments with and without a tube lawn were
not evident and could be caused by the sample treatment, as samples were treated with hydrogen peroxide to
destroy organic aggregates. Redox profiles will be discussed later.

EFFECT ON BIOMASS IN THE SEDIMENT. — Differences in total biomass parameters between sediment types
can be attributed to behavior and life history of Polydora ciliata. The 2.5-fold higher concentration of chlorophyll
a in the samples with a Polydora lawn at the beginning of May may result from active suspension feeding and
passive trapping of sedimenting algae by tubes protruding out of the sediment (ALLER & ALLER, 1986: BAILEY-
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BROCK, 1984: CAREY, 1983). Laminar current is reduced to about 20 to 30 % on the lee side of tubes (CAREY,
1983), which accordingly, increases sedimentation rates (BUHR, 1979; WARNER, 1979). Samples with tube lawns
contained approx. 50 pg chl @ . cm-3 more than the ones without lawns. Expressed as organic carbon (Co @ chl a
= approx. 40 : 1, BANSE, 1974) this additional amount of organic carbon corresponds to sedimentation during a
regular spring phytoplankton bloom in this region (SMETACEK, 1980). In addition large amounts of benthic fecal
pellets and flocculant detritus were trapped between the tubes. This highly concentrated organic material
represented an ideal food source for other fauna. A study by YAP (1991) showed increased numbers of benthic
organisms in response to greater food supply. Results of the ATP measurements and meio- and macrofauna
analyses are hence not surprising. The higher meiofauna diversity and abundances down to 9 cm sediment depth
in the samples with a Polydora lawn were presumably a result of increased amount of organic matter (ALONGI,
1985), enlarged substrate surface for meiofaunal and bacterial colonization on oxygenated tubes (BELL & COEN,
1982; BELL, 1985), and of the deep-reaching bioturbation of the more diverse and abundant macrofauna in these
sediments. Large standard deviations in meiofauna abundances and diversities might be caused by patchiness in
sedimented material induced by minor differences in water current and bottom topography (ECKMAN & THISTLE,
1991). Nematodes and foraminifera seemed to be best adapted to these fast-changing environmental conditions
(LINKE & LUTZE, 1993). MOODLEY (1990) found for the southern North Sea that living benthic foraminifers
(including Elphidium sp.) were enriched in areas with large amounts of organic carbon. The populations increased
with rising temperature and increasing input of organic carbon. Enriched foraminifer densities were not restricted
to the surface sediment but also extended into deeper sediment layers. The fact that the macrofauna was mainly
comprised of juvenile organisms might be an indicator of a recent oxygen deficiency situation which had killed
the benthos.

On 1 July the situation had changed. Differences in sediment biomass between the two sediment types were
much smaller. During summer phytoplankton populations in the western Baltic Sea are strongly regulated by
intense zooplankton grazing. This results in a large reduction of sedimenting chl a (SMETACEK, 1980).
Consequently, no or only little additional food could be trapped between the tubes. The fresh phytoplankton
material that had sedimented in May very probably was consumed by fauna within days (GRAF, 1987). This is
supported by the concentration of organic matter at the sediment surface, which with 22-24 mg poM. cm-3 was low
compared to POM data at this station throughout the year (EVERSBERG, 1990). The increased sediment
temperatures (8 May 1987: 3.4 °C vs. 1 July 1987 : 6.4 °C) very possibly caused the general increase in ATP-
biomass in both sediment types. The difference in the degree of food input between both sediment types in May
resulted in dissimilar growth rates and development of biomass. The sediments with a tube lawn showed a
significant ATP maximum at the sediment surface, which may be directly associated with the tube lawns (BELL,
1985), whereas sediments without lawns were characterized by an ATP maximum below the 1-cm deep
chemocline. This subsurface maximum may be due to chemoautotrophic bacteria and sulfate consumers. During
periods with very little sedimentation of organic matter such a subsurface ATP maximum has been observed in
other studies (GRAF, 1986, 1987).

IMPACT ON FLUID TRANSPORT RATES. — Only slightly increased fluid transport rates in the sediments with
tube lawns were observed. In natural sediments of the same area KITLAR (1988) found that Nephitys sp., Pectinaria
koreni Malmgren and Halicryptus spinulosus Von Seibold exerted a stronger influence relative to results of this
study. Because of the behavior (e.g. tube irrigation) and life strategy of P. ciliata one would expect largely
increased transport rates for fluids. In addition the surface for diffusion processes is largely increased by a dense
colonization by U-shaped tubes (FOSTER-SMITH, 1978). ALLER (1983), on the other hand found that tight tubes
which are coated by organic material hinder the exchange of anions because of their negatively charged tube
walls. This might lead to low fluid-transport rates. This could also explain why there were no significant changes
in the redox potential of the sediment. It seems that these U-shaped P. ciliata tubes represent a nearly closed
system which allows only a minor exchange between the sediment surface and deeper sediment layers.

ECOLOGICAL IMPLICATIONS

This study indicates that dense P. ciliata tube lawns can significantly improve the environmental conditions for
other benthic species by loosening the sediment texture, increasing fluid transport into the sediment, increasing the
concentration of easily degradable POM and enriching the diversity and abundance of benthic fauna. Therefore, in
areas with disturbed sediments dense assemblages of this spionid polychaete are important as reconditioners of the
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sea bottom. As the conditions in certain areas of the sea floor worsen from year to year, e.g. due to eutrophication,
oxygen deficiency and trawl-fishing, animals such as P. ciliata become important for the re-establishment of a
benthic community.

SUMMARY

This study addresses the influence of Polydora ciliata on sediment properties, associated fauna and transport
processes through the sediment surface. The investigation area was a 19 m deep station in Kiel Bight (western
Baltic). Samples were taken from sediments with and without Polydora tube lawns with a box corer and grab
during 10 cruises between May and November 1987. Each lawn was approximately 10 to 20 m? within which
tubeless zones were present. Sediments were analyzed for redox potential, shear strength, grain sizes, porewater,
particulate organic matter, chlorophyll a, living biomass as ATP and composition of macro- and meiofauna. In
addition, experimental studies on defaunated sediments were conducted to address transport of fluids.

Relative (o sediments without tube lawns the sediment stability in samples with a lawn was greater, and
porewater content was lower. After sedimentation of the phytoplankton bloom in May, chlorophyll ¢ and ATP
concentrations were about 2.5 and 10 times higher in the sediment surface of the samples with a lawn compared
with those without, respectively. In sediments with lawns, diversity and abundance of meiofauna and macrofauna
were greater. Only slightly increased fluid transport rates through the sediment surface in the presence of tube
lawns was observed.

The enhanced accumulation of organic matter by dense Polydora assemblages is a result of both the filter-
feeding activity of the polychaetes and of the trapping eftect of the tube. This additional food source and increased
tube-related substrate area for colonization significantly improve the environmental conditions for other benthic
organisms. Theretfore, dense P. ciliata assemblages can be important as reconditioners of disturbed sediments.
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