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ABSTRACT 

The influence o f the tube- building sp ionid Polydora cilio/a .Io hnslon on benthic community, sed iment properties and 
exchange processes th ro ugh the sediment surface was in ves tiga ted . Findin gs showed that spionid tube lawns (eight o r more 
tubes. cm-2) lowered sediment s tabili ty and enhanced accumul ation o f suspended partic les. Organic matte r was selectively 
t.ransported into the sedim ent via feeding, which enrichecl sediments by up to 100 %. Gnly a slight increase in fluid tra nsport in 
the upper sediment layers was atlributedto P. ciLimC/.. Polydora tube lawns s ignificantl y increased ab unda nce and di versity 01" 
meio- and macrofauna . Further. they increased food input to the sediments and subslrate area fo r co lo niza tion by micro- and 
meiofaun 3. T he ir fecal pe ll e ts may serve as a food source fo r meiofaun a and chemotrophs in deeper sediment layers. Bence. 
Polydora ciliaU/. a weil known pio neer species. reco nditi ons di sturbed sediments. where it may represe l1l a food item fo r 
benthic grazers. 

RÉSUMÉ 

Influence du Polychète Spionidé tubicole Polydora cilia/a sur les paramètres benthiques, la faune associée et les 
process us de transport 

On a é tudi é l'influence du po lychète Spionidé tubico le Polydora cilia/a Johnston sur la commun auté benthique. sur les 
proprié tés des sédiments e t sur les process us d'échange il tra vers la surface du sédiment. Les résultats ont montré que les 
pe louses de tubes de spio ni dés (huit ou plus tubes par cm2 ) réduisa ient la s tabilité du sédiment tandis qu 'e lles favorisaient 
l'accumulation des part icules cn suspension. De la matière o rganiq uc éta it sé lec ti vement transportée dans le séd im ent à travers 
le process us de no urri ssage. ce qui enrichissait le sédiment ju squ 'à 100 %. Se ule une fa ible augmenta tion du transport des 
fluid es dans les sédime nts superfic ie ls a pu ê tre attribuée à P. cilim(/. Les pe lo uses de tubes de Polydora augmentent 
s ignifi cativement l'abondance e t la divers ité de la méio- e t de la macrofau nc . De plus. elles augmentent l' appor t de nourri tu rc 
dans les sédiments et créent le substrat pour la colonisa tio n par la micro- et méiofaune . Leurs excréments pe uve nt serviJ 
comme sow'ce de nourriture pour la méio faune elles chémotrop hes dans les couches pro fondes de sédim ent. Ain si, P. cilia{{/. 
espèce opportuni ste bien connue, amélio re les sédiments perturbés, où e lle peut représenter une source de nourrituJe pour les 
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interna tionale des Polychètes. Mé/ll . Mu s. /1a1I1 . His/. /1(1/ .. 162: 493-501. Pari s ISBN 2-85653-214-4. 
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brouteurs benthiques . 

INTROD UCTION 

Tube-buil ding benthic organisms significantl y af fecl processes al tll e sedimenl-wat.er interface by their 
behavior, e.g. feeding, burrowing, defecation and tube irrigation (ALLER. 1978; FË RAL, 1989; FRITHSEN & 
D OERI NG, 1986; M CCALL & TEVESZ, 1982; NOJl & NOJl, 1991; RHOADS, 1974: SCHMAGER, 1988; WEINBERG & 
WHITLATCl-I, 1983; W EINBERG, 1984; WHlTLATCH & ZAJAK, 1985). Tubes which protrude into tlle waLer column 
influence direction and speed of tlle laminar bottom CUITent (CAREY, 1983; VOGEL, 1981), tlle sedimentalion l'ale 
of sinking particles (CAREY, 1983) and sediment stability (ECKM AN el al ., 1981) . Therefore, tube-building 
organisms affect associated fauna (EC KMAN & T l-IISTLE, 1991; OLAFSSON el a l. , 1990; REICHARDT, 1986, 
TRUEBLOOD, 1991, WOODIN, 198 1). The ex tent of tlli s influence depends upon tube diameter, densily of 
colonization (NOWELL & Cl-IURCI-I, 1979), microbial binding of tlle sediment surface (FAGER, 1964; ECKMAN el 
al. , 198 1) and sediment structure (RHOADS et al. , 1978). 

In Kiel Bight (western Baltic Sea) tlle spionid polychaet Polydora ciliata Johnston is one of the most 
important opportuni sti c species (KÙLMEL, 1979). At'ter delerioration of environmental conditions P. ciliata can 
occur in high densiLies. Eighl or more tubes pel' cm2 sediment surface are here defined as Polydora tu be lawns. In 
a sludy by WEIGELT (199 1) a mass occulTence of opportunisLic species (Polydora sp., Capitella capitala, Diastylis 
rathkei, HarmolllOe sarsi) was used lO indicate oxygen depleLion. 

This study concenLrated on tlle influence of this spionid on bentllic organisms, sediment parameters and 
transport processes tlu'ough tlle sediment-water interface. A comparison of natural sediments from Kiel B ight Witll 
and witllout Polydora lawns addressed tlle following questions: 1. Does a dense tube lawn stabilize or destabi lize 
the sediment ? 2. Do tlle activilies of P. ciliata have an impact on otller organisms ? 3. What is tlle influence on 
processes of fluid transport ? 

MATERIAL AND METHOD S 

Sediment and fa una were sampled 10 times between M ay and N ovember 1987 at a f i xed station 
(54°33 'N, 100 14'E) witll a deptll of 19 m in K iel Bight , Baltic Sea. Sediment Witll and witllOut tube lawns was 
colleCled using a Reineck grab (20 x 30cm opening). Subsamples were ex tracted witll cylindrical Plex iglas cores 
of 10 cm (redox and biomass analyses) and 5 cm (meiofauna) diameter. M acrofauna was collected witll a Van 
Veen grab (0. 1 m2 collecling area). Fluid transport rates in tlle sediment were studied in 30 cm long Plexi glas 
cores (1 0 cm in diameter) containing "arlificial" sediment prepared by siev ing tllrough 500 ).un mesh, incubation 
witllOut aeraLion for 5.5 weeks and homogenization. Polydora was added to half tlle samples, and tube lawns were 
soon established. 

In 1-cm intervals relati ve 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 
eslimated from tlle peneu'atioll deptll of a venicall y fall ing cone which is released directly above tlle surface of tlle 
studied sediment layer. The measurements were conducted shipboard Lü avoid u'ansport related artifacts. Redox 
po tenti al was measured witll a platinum Eh-electrocle (Ingolcl. Pl-4800-M5) in 0.5 cm intervals. 

For biomass anal yses secl imenl was cut into 0.5 and 1 cm layers for intervals above ancl below 3 cm, 
respecti vely. l'i ve parallels for chlorophyll a ancl pheopigments (UNESCO metllocl , JEFFREY & HUM PI-IREY, 1975), 
aclenosine triphosphate (ATP; PAMATMAT el al., 198 1) ancl organic malter (r OM) (combustion at 500 oC for 24 h) 
were measured for respective illlervals from fï ve cores. Incliviclual s of P. cilialCl were ranclomly selected and 
measmed for ATP. 

For meiofauna analyses definecl vo lumes of seclimenl l'rom 1 cm intervals were preserved in a bu f fered 
fonnalin/seawater solu tion (4 %) witll Rose Bengal (s tains proloplasm). M eiofauna (> 45 ).lln) was exu'acted 
according to JENSEN (1983). M acrofauna was sieved (500 ) .. un) and preservecl in a bufferecl formalin/seawater 
solution (4 % ). Numeration and iclentification of major taxa were macle using a c1i ssecling microscope. 
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Fluid transport (DICKE, 1986; KITLAR, 1991) in tlle sed imenL was measured using sodium bromide solution 
added Lo water above tlle sediment LO a concentraLi.on abouL 50 limes higher than natural. For fo ur days water was 
regularly monitored for changes in concentration , after which sed imenLs were sectioned, porosily delennined and 
bromide concenlTation in llle porewater measured (KREMLlNG, 1983). 

RESULTS 

Analyses of grain size and redox pOlentiai revealed lllal the sediment was silty sand (SI-IEPARD, 1954) and 
became anoxie (J0RGENSEN & FENCI-lEL, 1974) below 1 cm deplll . The data for redox pOlenlial and grain size 
spectra showed no related differences over lime or between the sed iments with and withoul Polydora lawns. For 
ail sampling dates relati ve sediment stability increased willl deptll, reflecting an increase in sand content from 
abouL 42 to 55 % from llle surface LO 8 cm depth. Re lative stability of sediment with tube lawns was slightl y 
lower, i.e. llle falI cone penelra led 1 Lo 3 mm deeper into the sed iment. The porewater content generall y decreased 
From about 60-70 % wet weight aL tlle sediment surface to about 36 % in 6-8 cm depth ; for samples witll a tube 
lawn values were about 5-10 % higher (Fig.I). In 5.5 cm sediment deplll llle porewater COlllenL of llle scunples 
witllOut a lawn me staning to be lcu'ger III an Ille values for tlle samples willl lawns. 
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FIG. 1. - Porewater co nlent (% of sediment wet weighl (WW)) of lhe sediment on 27 August 1987. Mean values with 
sLand ard deviations (bars) of three measurements per sed imen l deplh layer. FIG. 2. - Abundance of fora mini fera in the 
sedim ent on 8 May 1987. Mea n values with standard devialions (bars) of five measurements per sediment depth layer (two 
meas urements per c\epth layer below Scm). FIG. 3. - Chlorophyll (1 content of the sediment. Mean values with standard 
devi alions (bars) of [ive meas urements per depth layer. (a) 8 May 1987. (b) 1 Jul y 1987 . FIG. 4. - ATP-conlent of the 
sediment. Mean va lues with standard deviations (bars) of fi ve meas urements per deptb layer in a mixed sample. (a) 8 May 
1987, (b) 1 July 1987. 

Significam differences between sed iments WiÙl and willlOut lawns were round for biomass pcu'cuneLers in Ille 
sediment. Chlorophyll a content at llle surface of scunples willl a law n was approx. 2.5 times higher lllan in ùle 
sediments without a law ll on 8 May 1987 (Fig. 3a). On 1 Jul y bolll sediment lypes had similar mean 
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concentrations in the surface layers (Fig . 3b). Likewise, mean ATP-concentratiolls in sediments WiÙl a tube lawn 
were 10 times higher in the surface la yer (Fig. 4a). After subtraction of Polydora-ATP, the A TP-content in the 
sediments with a tube lawn was still 5.5 limes higher. O n 1 J uly Ùle difference between tlle sed iments was smaller, 
but Ùle total ATP content had increased (Fig. 4b). The orga nic matter content was very similar in both sediment 
types on 1 .T uly 1987, and surface values of 22-24 mg l'OM. cm·3 increased lO abouL 28mg l'OM. cm-3 below 1 cm 
sed iment depÙl. 

T he meiofauna analysis showed differences in diversiLies and abundances be tween tlle two sed iment types. 
Representa ti ves of ùle fOllowing groups were found: NemaLoda, HarpacLicida, Ostracoda, Halacarida, T urbellaria, 
Foraminife ra, Tardigrada, larvae of Decapoda, Mollusca and Pliapulida. In sediments with a tube lawn meiofauna 
was more diverse and 2 lO 3 times more abundant than in the sed iments witllOUt a lawn, i.e. 11 2 .6 vs . 44.9 
individuals. cm-3 in tlle upper cm of tlle sediment. COITesponding differences for nematodes (84 vs. 40 ind . cm-3 in 
0-0.5 cm) and the foraminifer ElphidiulI1 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 
sed iments witll a moderate Polydo ra population (Tab. 1). Besides Po/ydo ra cil iata Ùle agg lutinaLed foraminifer 
Allunoliw17 cassis Parker was tlle most common species (35 19 vs. 157 ind. 0 .1 m-2 in sediments WiÙl and WiÙ10Ut a 
lawn, respectively). The foraminifera were localed directly below or between Polydora tubes. 

TABLE 1. - Macrofauna abundance (ind. 0.1 m-2) in sediments WiÙl a modera te (less dense than a Lube lawn) 
population of P. ci/iala and WiÙl few P. ci /iata. 

Macrofauna WiÙl many P. ciliala Willl few P. ciliata 
Forruni nifera 
AlIlIlIOtiulI1 cassis 3519 157 
Elphidiu/I/ sp. 42 
Priapulida 
HaliClyp/us spinuloslls 18 3 

Halicl)lplUS lar vae 3 2 
Bivalvia 
Mysello bidel1lato 79 6 
Mv/ilus edulis I l 2 
Arctica islondico 6 1 

Corbula JiiMa 5 
Ce rastode 17 lia u lule 1 
Polychaeta 
Polydora ciliata 1142 22 
Capi/ella capi/a/a 91 20 
He/ erO/l/as[ IIs.fi liro 1"/11 is 71 37 
Paraonis Ji racilis 54 51 
Hal"/lI Olhoe sp. 18 5 
Anoi/ides lI/oclI/ata 9 3 
Pec/inorio kOl'eni 4 
Scolop/os ol1ll.if!,e r 3 

Nephrys sp. 1 

ETeon.e elonJ;ata 1 
OSLracocia 13 4 
Malacos u'aca 
Diastvlis rOlhkei 62 4 
TOTAL 5152 318 

S tudies on tluid t.ransport in artific ial sediments showed slight.l y increased transport rates (0. 1-0.2 mg bromide. 
cm-3 in add ition to molecular diffusion) down Lo 6cm sediment depÙl in t11e sampi es willl a tube lawn (Fig. 5). Il 
was ass umed Ùlat tlle samples w iÙlo ut tube lawn represent tlle pure tracer input by molecular diffusion as ail 
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macrofauna was excl uded before Ule experiments were started. The molecular diffusion coefficient (Ds = 5.0+/-
0.8. 10-6 cm. S-I) is quite low compared to lie coef(icient in natural sediments in Kiel B ight (KITLAR, 1988). 

DISCUSSION 

C1-IARACTERISTICS OF POLYDORA CIL/ATA JOI-INSTON. - Polydora ciliata Jolmston (body lengUl < 30 mm) is a 
cosmopolitan polychaete (RAMBERG & SCHRAM, 1983) which expresses typicaI opporLunistic li fe patterns 
especially in disturbed environments (PEARSON & ROSENBERG, 1978; RUMOI-IR, 1980) and reproduces nearly Ule 
whole year round WiUl pelagic lar vae (RAMBERG & SCHRAM, 1983). It is able to increase very rapidl y ronning 
spionid tube lawns. One reason for Ule concenu'ated settlement of spionid larvae next to adull individuals may be 
lie chemosensory recognition of conspecific tubes or of chemical anal ogs of Ule tube cement (JENSEN, 1991). 
Video sequences from Ule present study site showed U13t Polydora tube lawns covered an area of 10 to 20m2 

WiUùn Ulese lawns were tubeless zones of 0.8 to 1 m2 area, reasons for Ulis colonization pattem are unknown. P. 
ciliata builds an approx. 5-cm long U-shaped LUbe which proU'udes out of Ule sediment. The polychaetes either 
filter feed on suspended parLicles in lie bottom water or deposil feed on sed iment when Ule current falls below 
acertain speed (DAUER el al. , 1981; TAGI-ION el al. , 1980). Fi lter feeding can be important for maintenance of 
water quality within moderately polluted systems (DAVIES et al., 1989). Fi lter feeding by pelagie spionid larvae 
can influence phytoplankton stocks (W ATRAS el al., 1985) via selectivity during feeding. The fecal pellets are 
stored in specifie parts of Ule LUbe between 1 and 3 cm sediment depUl (SCI-IAFER, 1962). 
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FIG. 5 . - Biogenic fluicl transport in artificia l sediment with tube lawns measured by the concentration of bromide in the 
sediment pore wa ter in three para lle l experiments. (Samples w ithout tube lawns were assumed to represent the pure tracer 
input by moJecuJar diffus io n. They servecl as base tille (O-value in the graphs) in the calculations). 

EFFECT ON SEDIMENTS. - Decreased relative sed iment stability and higher water content are associated WiUl 
burrowing, tube building, defecation and irrigation of lie tubes by P. ciliala populations. The expected differences 
in grain size (FÉRAL, 1989; LUCKENBACH el al., 1988) between Ule sedimeIlls WiUl and WiUlOut a tube lawn were 
not evident and could be caused by Ule sam pie u'eatment, as samples were treated WiUl 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 li fe history of Polydora ciliata. The 2.5-fold higber concenu'aüon of chiorophyll 
a in Ule samples WiUl a Polydora lawn at Ule beginning of May ll1ay result from active suspension feeding and 
passive trapping of sedimen ting algae by tubes prou'uding out of Ule sediment (ALLER & ALLER, 1986: BAILEY-
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BROCK, 1984; CAREY, 1983). Laminar cun'ent is reduced to about 20 to 30 % on ùle lee si de of tubes (CAREY, 
1983), which accordingly, increases sedimentation rates (B UHR, 1979; WARNER, 1979). Samples WiÙl tube lawns 
contained approx. 50 !-tg chi a . cm- 3 more than ùle ones witl10ut lawns. Expressed as organic carbon (Corg : chi a 
= approx. 40 : 1, BANSE, 1974) ù1is additional amount of organic carbon conesponds to sedimentation during a 
regular spring phytoplankton bloom in tl1is region (SMETACEK, 1980). In addition large amounts of bentl1ic fecal 
pellets and tlocculant detritus were trapped between the tubes. This highly concenu'aled organic material 
represented an ideal food source for other fauna. A study by YAP (1991) showed increased numbers of bentl1ic 
organisms in response to greater food supply. Results of tJle ATP measurements and meio- and macrofauna 
analyses are hence not surprising. The higher meiofauna diversity and abundances down to 9 cm sediment deptJl 
in tJle samples WitJl a Polydora lawn were presumably a result of increased amount of organic matter (ALONG! , 
1985), enlarged substrate surface for meiofaunal and bacterial colonization on oxygenated tubes (BELL & COEN, 
1982; BELL, 1985), and of tJle deep-reaching bioturbation of tJle more diverse and abundant macrofauna in tJ1ese 
sediments. Large standard deviations in meiofauna abundances and diversities might be caused by patchiness in 
sedimented material induced by minor differences in water cunent and bottom topography (ECKMAN & THISTLE, 
1991). Nematodes and foraminifera seemed to be best adapted to tl1ese fast-changing environmental conditions 
(LlNKE & LUTZE, 1993). MOODLEY (1990) found for ùle soutllern Nortll Sea mat living benù1ic foraminifers 
(including ElphidiufIl sp.) were enriched in are as WitJl large amounL<; of organic carbon. The populations increased 
witll rising temperature and increasing input of organic carbon. Enriched foraminifer densities were not res tricted 
to me surface sediment but a1so extended into deeper sediment layers. The fact mat tlle macrofauna was mainly 
comprised of juvenile organisms might be an indicator of a recent oxygen defici ency situation which had killed 
tlle bentJ1Os. 

On 1 J uly tlle situation had changed. Differences in sediment biomass between me lwo sediment types were 
much sm aller. During summer phytoplankton populations in the western Baltic Sea are sU'ongly regulated by 
intense zooplankton grazing. Thi s results in a large reduction of sedimenting chi a (SMET ACEK, 1980) . 
Consequently, no or only little additional food could be trapped between the tubes. The fresh phytoplankton 
material ~hat had sedimented in May very probably was consumed by fauna witl1Ïn days (GRAF, 1987). This is 
supported by tJle concentration of organic matter al me sediment surface, which WitJl 22-24 mg POM. cm-3 was low 
compared to rOM data at ùùs station throughout the year (EvERSBERG, 1990). The increascd sediment 
temperalures (8 May 1987: 3.4 oC vs. 1 July 1987: 6.4 oC) very possibly caused tJle gcneral increase in ATP
biomass in bom sediment types. The difference in tlle degree of food input be tween bolll sediment types in May 
resulted in di ss imilar growlh rates and development of biomass. The sediments with a tube lawn showed a 
significant ATP maximum at tlle sediment surface, which may be directly associated wim me tube lawns (BELL, 
1985), whereas sediments witllOut lawns were characterized by an ATP maximum below lll e l-cm deep 
chemocline. This subsurface maximum may be due to chemoautotrophic bacteria and sulfate consumers. During 
periods WitJl very liule sedimentation of organic matter such a subsurface ATP maximum has been observed in 
otJler studies (GRAF, 1986, 1987). 

IMPACT ON FLUID TRANSPORT RATES. - Only slightly increased fluid transport rates in the sediments Witll 
tube lawl1s were observed. Il1natural sediments of tJle same area KITLAR (1988) found tllatNephtys sp., Pectinaria 
koreni Malmgren and HaliclyplltS spinuloslls Von Seibold exerled a stronger influence relative to results of tllis 
study . Because of the behavior (e.g. tube in'igation) and life strategy of P. cilia la onc would expect largely 
increased transport rates for tluids. In addition tJle surface for diffusion processes is largely increased by a dense 
colonizatiol1 by U-shaped tubes (FOSTER-SMITH, 1978). ALLER (1983) , on llle olller hand found mat ti ght tubes 
which are coated by organic material hinder llle ex change of anions because of tllCir negative ly charged tube 
walls. This migllllead to low fluid-tJansport rates. This could also explain why tllere were no significant changes 
in Ille redox potential of the sediment. Il seems lhat tllese U-shaped P. ciliata tubes represent a neaJl y closed 
system which allows only a minor exchange between Ille sed iment surface and deeper sediment layers. 

ECOLOGICAL IMPLICATIONS 

This study indicates Illat dense P. ciliata lube lawns can significantly improve me environmental conditions for 
otller bentl1ic species by loosening ùle sediment texture, il1creasing fluid transport into Ille sediment, increasing tlle 
concentration of easily degradable POM and enriching Ille diversity and abundance of bentllic fauna. Therefore, in 
area<; WiÙl disturbed sediments dense assemblages of Illis spionid polychaete are important as reconditioners of Ille 
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sea bo tLo m . As Ule condiLi o ns in certa in areas of Ule sea tloor worsen from year to year, e.g . due to e UIJophication , 
oxygen deficiency a nd traw l- fishing, a nimals such as P. ci/iata become importan t for the re-establishmeIll of a 
benUlic communiLy . • 

SUMMARY 

This s tudy addresses Ule intluence of Polydora ciliata on sedimenL properties, associated fauna and u'ansport 
processes Ulro ugh Ule sedime nL s urface . T he in vestigation area wa" a 19 m deep s tation in Kiel BighL (western 
Baltic). Samples were taken fro m sedime nLs with and wiÙIOUt Polydora tube lawns WiÙI a box corer and grab 
durin g 10 crui ses be tween May and November 1987 . Each lawn was approximately 10 Lo 20 m 2 witl1in which 
tubeless zones were present. Sediments were analyzed for redox potential, shear strengùl , grain s izes, porewater, 
particu la te organic ma tte r, c hlorophyll a, li ving biomass as ATP a nd composition of macro- and me iofauna. In 
addiLio n, experimental s tudies on defaunated sediments were conducLed LO address transport of tluids. 

Re la ti ve LO sed ime nts WiÙlOut tube lawns Ùle sedimenl stabilit y in samples w ilh a lawn was greater, and 
porewaLe r Conle nL was lower. After sedimenta tion of Lhe phyloplankLon bloom in May, chlorophy ll a a nd ATP 
concenlJ'a tions were about 2.5 and 10 limes hi gher in ùle sedime nt surface of the samples wiLh a lawn compared 
Wiùl ÙlOse witllOut, respectively. In sediments WiÙI lawns, diversity and abundan ce of meiofauna and macrofauna 
were greater. Only sli ghtl y inc reased fluid IJ'a nsporl ra tes 111rough ùle sediment s urface in lhe presence of tube 
lawn s was observed. 

The enh an ced accumul a tio n of organic ma tte r by dense Polydora assemblages is a resulL of bOtll Ille filter
feeding acti viLy of tlle po lychaetes and of the trapping effecL o f tl1e Lube. T his additional food source and increased 
Lube-re laled substrate area for colonizaLi on significantl y improve Ille enviro nmenLaI conditions for o Uler bentl1ic 
o rganism s. T he refore, dense P. ci lia ta asse mblages can be important as reconditioners of diSlurbed sedimenLs. 
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