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Evidence from a tidal flal ecosystem in the Dutch Wadden Sea is presented, substantiat
ing a hypothesis formulated by Levin lon (1972) and stating Ihat both the food supply 
and the numbcrs of suspension feeding marine zoobcnthic spccics OuclUale more 
hcavily, spatially as weil as Icmporally, Ihan (hose of deposit feeders. During the year 
and also from day-Io-day, concentra tions of chlorophylJ-a and particulatc organic 
malter fluct uatcd more hcavily in the water above tidal fl als than in the top layer of the 
boltom. From year to year, the numbers of suspension feeding species (as the bivalves 
M y ti/liS edlllîs, M ya arelUlritl and Cerastoderma edu/e) fluctuated more heavily than 
those of deposit feeding species (as Are/lico/a mari/Ill, Heteromastus fi/iformis, Se%p/os 
armiger and Nereis dil'ersie%r). Also from place to place, the numbers of suspension 
feeding species were more variable than those of deposit feeders. For the IO major species 
of the macrozooben thos living on the tidal nats, the 2 coeffi cients of variation for varia· 
bilîty În lime and space were signilicant ly corrclalcd, with high val ues for both coeffi ~ 

cien ts in the polychaete Lanice cOllchifega and in the abave mentioned biva lves, and low 
va lues in the bivalve M acollla balrllica and in the above polychaetes. 

Oceano/. Acta, 1983. Proceedi ngs 17th European Marine Biology Symposium, Brest, 
France. 27 September-1 October, 1982. 21-26. 

Dirrérences de va riabi li té numérique dans l'espace el dans le temps entre 
des espèces suspensivores et déposivores des sédiments de la Mer de 
Wadden 

l es resultats quanti tatifs concernan t l'ecosysleme de la mer de Wadden ho llandaise ont 
permis d'apporter des preuves il l'appui de l'hypothese émi se en 1972 par l evinton. 
selon laquelle la nourri ture et les abondances des espèces benthiques suspensivores 
fluc tuent plus fortement dans l'espace et dans le temps que celles des espècesdéposivores, 

Au cours de J'annee comme de jour en jour, les concentrations en chlorophylle et en 
matiere organ ique part icu laire varient en efTet plus fortemen t dans J'eau que dans la 
couche superficielle du sédiment. D'année en année, les abondances de suspensivores 
(M yrill4s et/ulis. M ya Mellaria et Cerasro<lerma edllle) présentent des fluctuations plus 
grandes que celles de déposivores tels que Arellicola marilla, Heteromas/us filiformis, 
Se%p/os arlII iger et Nereis di l'ersic%r, En outre, les abondances des suspensÎvores 
varien t dan s l'espace avec une plus grande am pli tude que celle des déposivores. Pour 
les 10 espéces dominantes du macrozoobcnlnos vivant dans la zone intertidale, les deux 
coeffi cients de variation (temps ct espace) sonl corrélés de façon significative . Ils prt':
senlent des valeurs élevées pour Lanice cOllchilega CI pour les bi va lves suspensivores, 
contre de plus fa ibles valeu rs pour M acomQ balrllica el les autres polychétes, 

Oceallol. AC;ra, 1983, Actes 17" Symposi um de Biologie Marine, Brest, 27 septembre· 
l e ~ octobre 198221-26. 
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INTRODUCTION 

Levinton (1972) developed a hypothesîs stating that Ihe 
size o f populations of suspension feeding marine benthic 
species shou ld nuctuale widely in numbers both over 
lime and from place to place, whereas numbers in 
deposit feeders living in the same area should be relali
vely constant, temporally and spatially. These dilTe
rences belwcen the Iwo groups would be connected 
with the relative conslancy of their respective food 
supplies, bcing unpredictable and heavily nuctuating for 
suspension feeders and relatively constan t fo r deposit 
fecders. 

Several testable q uestions arise from this hypothesis. 
Fi rstly : is the food supply of suspension feeders really 
more variable than that of dcposit feeders living in the 
same comm unity? Second ly : are the numerical 
densitics of the various suspension feed ing species 
nuctuating more heavi ly than those of the deposit 
fecding species livi ng in the same area ? Thirdly : are 
the densi tics of suspension feeding species varying more 
from place to place, i.e. are suspension feeders distribut· 
cd more patchily (Iess evenly) than deposi t fceders in 
the same area ., Fourthly : when these q uestions cao he 
answered posi ti vely for a particular ecosyslem, what 
would be the direct relation (if any) between the varying 
food supply and the patterns of tempora l and spatial 
variation in numbers of animais ., 

Answcrs to the above q uestions will be presented from 
dala gathered in a tidal nat area in the westernmost 
part o f the Dutch Wadden Sca. The first author sampled 
the macrozoobenthos during 14 years at 15 places, 
the eo-authors sampled year· round the phytoplankton. 
microphytobenthos and organic malter in the tidal 
inlet and on and abovc the tidal nats. 

MATERIAL AN D METHODS 

Food supply in the wa ter and in the top laycr of the 
bottom was cxpressed in concentrations of functional 
ch lorophyll·u. Samples were taken about fortnightly 
10 monthly du ring 1974 to 1980 from the surface water 
in Ihe Marsdiep tidal inle! and from the top 1 cm orthe 
bottom on a nearby tidal nat (sel' Cadée, Hegeman. 
1974 ; 1979). During 1978 and 1979 samples were laken 
at a simi lar frequcncy at 3 stations on the lidal naiS of 
Balgzand. both from the water at about 2 t cm above 
the OOuom und from Ihe top 1 102 mm of the sediment. 

Macrobenthic animais were sampled quantilatively 
d uring 1969 to 1982 incl usive. al least annually at 
15 places(12 transects of 1 km plus 3 squares of900 ml) 
scattered over Balgzand, a 50 km2 tidal nat area in the 
wcstcrnmost pa rt of thc Dutch W"dden Sea (Fig. 1). 
In thc fo llowing, only samples taken in the latc·winter/ 
early·spring period are used. In addition, data will he 
used from a si ngle sampling of 99 transects of 1 km 
scattered ail ovcr the 1 300 km2 of tîdal naIs of the entire 
Dutch Waddcn Sea, sampled in late-summer/early
au tumn of 1970-1974. Details on locations, samplîng 
procedure, sieving (a 1 mm sicve was uscd\ sorting and 
counting can bc round in earlier papers (Beukema, 
1974 : 1976). 

22 

i • . / ... 
l ." .. ,,~ 

Figure 

Map of lM lidol/kJl url.'U called &Ig=and. siluulttl il/ the ... ·Ulern· 
mos' parI of 1111." Ntllltrlllnth purI of Iht Wadden Seu. $ho ... ·mg Iht 
IQCUliQIU af Ihe ~mpli"g plaCt1. Food supply was meusured on &Ig
:iI"d l'WUr A . Band D and", Ihe Murstlitp arM 01 Iht COU$/ of Ihe 
Ttxtl iJlund. Tht mucrobf'nlhos \<·us sllmpledal J st{lMlrts (A . B und C) 
and allWg 1]lroll.J«lS ( J.I1 ). 1'114' upproximute borders of lM fWuI 
fluls ut LL lYS urt !ho\<'''. Most of Iht flulS ure below MTL, only lM 
slruded parts art abOi'/.". Meu" tldal rangt is 1«J cm. 1Jw ~~ltl is 
silly olong Iht mulnland t'OUSI. beroming groduolly sandler ( to almos/ 
purI." fil/t ~nd) al i"crrosi"g diSlUn{'/!' f,om lM CO(IJ/. 

Variabili ty is exprcssed in the coefficient of variation of 
u series of observutions. i.e. 100 IÎmes the standard 
deviat ion (s) divided by the mean (m). To avoid too 
[ow values of m. at which the quo tient [00 sim can not 
he uscd as a mcasurc fo r variability (see below\ the 
prcsent st udy is limited to data on corn mon spccies only. 

RESULTS 

Varia bility of food supply 

During year-long observations., nuctuations observed 
in the ch lorophyll-a content were about lOO-fold in the 
water (from about 1 to morc than 100 ~g. I - I) and about 
20-fold in the top- Iayer of the bottom (from 5 to 
120 ~g . g - I ). wi th the lowest values in winter and the 
highest in spring and early summer. The variabili ty 
as expressed in Ihe coefficien t of variation was generally 
2 to 3 times (on an avcragc 138/59 = 23 times) higher 
in thc walcr Ihan in the OOllom (Table 1). This was so 
both in the Balgzand a rea. where only the top mîlHme
ters of the bottom were sam pied as in the Marsdiep 
a rca, whcrc a 1 cm layer was used. ln 9 out o f 10 possible 
comparisons the va riability or chlorophyll·a concen
trations was significanlly highcr in the water than in the 
bottom. As the ) odd pair o f values also representcd the 
smallest dilTcrcnce, it is highly improbable (p < 0.01, 
WiJcoxon matched-pairs signcd·ran ks test) that the 
grea ter va lues fo r thecocITicien l of variation were merely 
by chance observcd for the greater pan in the watcr 
samples. 



Tablc: 1 

AnnU(J1 rullWS for mt(Jn conunlfu/loru and mU/ching coefficien/s of 
>'(jrÎation far chlorophyll-o and p(lr/ln<lme orgunk muller bolh ln 
the K'/I/er ln j,!g .1 - 1 for ch/orophyll und mgC. I" 1 for orgunk nuI/lt'r 
und in Iht: lOI' II/yer of tht: sedlmfnl ln I-!& .g- L for ch/orophyll und 
mgC.g- L for organle nwlll'T. in 2 (Jf('OS ( B _ &Igzund with sll/lions 
A, B (J /ld D und M _ Marsdll'p, sec Pig. 1 J. n - IJUmMr of obsa-
l'/It/ons. + und + + defWlt' 11'1'1'1 of slmlSllc/11 significonce of tht di/fe-
'l'nCt in 1'/I,iuhi/iI)' (P-le.fI fo' 1'/I,lonus. O.Oj ,md 0.01. respect/I·el)'). 

Mean tontent C«If. varia tion 
Placej}·ear " .... ater sediment .... ater sediment Sign . 

Chlorophyll 
B-A(I9 8 40 " 182 .. + 
8-B{78 10 17 l' II' 68 + 
8-8/79 16 " 24 129 70 + 
8-0 (18-9 12 26 20 102 48 ++ 
Mf74 16 , , 140 " + 
M{75 Il 6 , 179 l4 ++ 
Mf/6 l' , 7 100 108 
Mf/' 12 8 7 161 " ++ 
Mf/' \3 1. , 178 " ++ 
M/80 \3 \3 I l 93 49 ++ 
Average 138 " Organic mauer 
R-A(19 7 9 , 157 " ++ 
B-Bf79 1. , 3 11 J2 ++ 
B·D{78·79 7 3 , J2 " "'1/79 \3 , , 67 J9 
A,·erage 82 31 

Wilhin series of observai ions of 3 to 5 successive days, 
nuctuations of chlorophyll-a conlenl in the water could 
be about 20-fold (Ihe mean coefficient of variation fo r 
Il such series amounted to 52) and in the bottom aboul 
IO-fold. with a mean coefficient of variation for 9 such 
series amounling to 36. Thus much of the above tolal 
variabi lity was already presen l at a day-to-day lime 
scale. Again. the variability in the water was on an 
average higher than in the top-layer of the bollom. 

Less observations are ava ilable fo r organic matler 
conten ls. As in chlorophyll. they indieate a greater 
variabili ly in Ihe water sa mples (Table 1). Agai n Ihe 
coefficients of variation were on an average 2 to 3 times 
higher for the water samples as compared to the bottom 
samples. 

The content of chlorophyU-u will be a bclter measu re 
fo r food supply than that of particulate organic malter, 
bccause much of the organic malter will consisl of 
indigcstable material of low food value. 

Temporal va riat ion in the numbtrsof animais 

Out of the nearly 50 macrozoobenth ic species found on 
the tidal nais of Balgzand, resu lts on only the 10 most 
im portant ones wiU bc dealt with. viz. thase with a high 
(on an average more than 1 %) con tribution to total 
biomass. They are listcd as Ihe top- IO species in Beu
kcma (1976). Togetherlhey accoun t for a mean of95 % 
of the tOlal macrozooben thic biomass of the tidal 
nais. bot h on Balgzand and in Ihe whole DulCh Wadden 
Sea. 
Amo ng thesc 10 species. 3 arc Iypica l suspension feeders. 
viz. the bivalves M }'lillis edlilis L., Cerastoderma (Car. 
tlilml) et/Ille (L.) and Mya (Irenllria L. Most polychaetes 
arc Iypica l deposi l fecders. viz. Arenicolll marina (L~ 
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He/eromas/us filiformis (Clap.~ Se%p/os ormiger (OFM) 
and Nereis dh'ersic% r OFM (Wolff. 1973~ tho ugh 
part of Ihese species will be able to supplement their 
ration by filtration. as has been observed in Arenico/a 
by Krüger (197 1) and in Nereis by Gocrke (1971). In 
the remaining spccies the predominant way of feeding 
appe:us to bc a matter of dispu te. NephlYs hombergij 
Sav. appears to be both a prcdator (Clark, 1962) and a 
deposit fceder. In M acoma ba/I/rico (L ) both suspension 
and deposit feeding is important (De Wilde. 1975). Also 
in Lanice ('ollchi/f'ga (PaIL) !>olh feeding Iypes arc uscd 
(Ziegelmeier. 1952). 

These 10 species differ st rongly in the degree of their 
year-to-year va riability (Fig. 2 u. Table 2). The numbcrs 
of Arenicola were very constant. having a coefficient of 
variation thal is an order of magnitude lower Ihan thal 
of Lmlice, the species nucluati ng most heav ily. Note 
Ihal Ihe Iypical suspension (ceders rank high in Table 2. 
;.('. lheir numbers wricd st ronger from year to yea r than 
those of the typical deposit fccdcrs. Also Figure 1 ashows 
that - over the whole range of val ues for mean den
sily - the values for the standard deviation were 
higher for the 3 suspension feeders (plus Lallice) than 
for the 5 deposil feeders (plus Ml/comill. 

Spatial \'ariation in the numbers of animais 

ln ail species the density (n. m- 1 ) varied from place to 
place. but the degree ofpatchiness differed. At the spatial 
scales studied. ail species were distributed less evenly 
than randomly, as in ail cases the values of the variances 
exceeded those o f the means (Fig. 2 hl. Sorne species 
were highly aggregated and generally formed distinc
tive banks or clusters. as in M y,ili/s. Lanice and Ceras/o
dl'rmll. ran king high for vuriability in space in Table 2. 
Deviations from random d istributions - and more 
gencra lly the degrcc of clusteri ng - can bc dctccted 
and quant ified only al sumciently high numbcrs of 
indi viduals per samplc. As the mean number per sam pic 
bccomes smaller. the quotients sl/m and sIm approach 
the value of 1 (e.g. Ursin. 1960 : Fig. 88-91). This is 
truc .. Iso for the animaIs living on the lidal nats of the 
Wadden Sea (own observa tions). Thcrcforc. v .. lues 
for the coefficien t of v .. riation should bc compared 
on lY'1I roughly the S<tme " .. lues of the mean. Figure 2 h 
allows such compa risons for our dOlta. showi ng thal 
very low numbcrs per sam pIe did not occur (as a conse
q uence of Ihe inten tional choice of .tbundant spccies) 
a nd tha t the mean dcnsities of the suspension rccders 
wcrc nOI consistcn tly higher (or lowcr) Ihan those of 
the dcposil feeders. Note Ih.1I the v'll ues fo r the sIan
dard devialions in the suspension feeders a re highcr 
than those in the deposit fceders over the whole range 
of mean numbcrs per sam pIe. An analysis of variance 
showed Ihis differencc to be statislicall)' significan l 
(p < 0.05). 
Spatial variabi lit)' was studied al 3 scales. viz. for the 
wholc Wadden Sea (with distances bclwccn adjacent 
sampling places amounling la several kilometres to 
tens of kiJomelrcs. see Beukemn. 1 976~ for Ihe Balgzand 
area (with distances o f less than 1 to about 5 km. see 
Fig. 1) and within tr:IOSCCIS (subS:lmplcs per 100 ml. 
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J'hf rfumonsh;p (on Il log sculf ) hftl\'un Ihf nlf.ms (m ) und Ihf 
.IIwulard df l'ial;Ons (s ) of !J't'rifS of samplfs of /0 sfNrifS of marr/r 
INrl/hic /JnÎmul, /j,'ing on Ihl! /;tltll flulS of Ihe Du/rh Wuddfn Sru . 
Tlrt' spedes .,lfl' jndicatl'd by Ihe fjTst charaC/I!TS ofthejT nanll' (colliparl! 
Tab/I' 1) und by u symbo/ dl'fining thl';r fl'I'ding I)'JH' ,ufo/lol\" : opl'n 
(0 Of for !iuspI'nsion fudl'rs. full ( •• ) for dfposil futkrl und 
hulj{ ull ( Cl (II ) fOT SpeCIt'S IlSIng both typts of fetding. 
a) TtmpoTul l'aria/ion frOIll /4 U/UlU(l/ t'S/ima/I'j of Ihl' siu of /h f 
toml popu/alion on &/g::and (mdn: uSfii : nlfflfl number per 0.9 ml 
obtuined frDm sampling UI fj p/aUS ): 
b) Spafin/IYlfia/ion Q/ l scaffs. I·i: . al & fg:and (squort'S. /ong·//!rm 
Q,'fragn frDm 15 p/acts) Qnd ol'j!r Ilw K'hoff Du/cl! Wadden St'o 
(Clrcln. 99 plOCfS svmplfd onu). 
Tlrf f ull linl's indiCUlf lM rf/a/ion Sl _ m ( i.l'. log s _ ! log m ). 
Ihf brokl'II IillfS Sl'parall' /hf pomlS for fhf SIIspeosion feedfrs (open ) 
and lM tkpoJi / ffftkrs (f ull). 

As one would expcct from Ihe smaller change of envÎ· 
ronmental conditions wÎlh shorter distances, the smaller 
scales generaUy yielded the lower coefficients of varia
tion in the various individual species(Table 2). The arder 
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of Ihe species. however, remained nearly unchangcd at 
the 3 spatial scales. The correlations belween the rank 
numbers in Ihe last 3 columns of Table 2 are high 
(r = 0.8 to 0.9) and statistically signiticant (p < 0.02 to 
< 0.0 1, Spearman rank correlation test). This would 
mean that the size of the clustcrs generally will nOI 
have exceeded t ta 1 km. as indeed was Irue at visual 
inspection . 

Note in Table 2 thallhe typiC"J.I suspension feeders rank 
relatively high not only in temporal bul also in spa liai 
variation. Their mean rank number is 3 for variabilily 
in time and 3 la 4 for variability in spaœ. The typical 
deposit feeders, al the olher hand, rank relatively low 
bolh for variabilily in lime (mean : 7) as for variability 
in space (mean : 6 10 7). The rank numbers in the tirst 
col umn of Ta ble 2 (for va riability in time) ;Irc signiti 
cantly correlated with those included in each of the 
foltowing 3 columns (for variabilily in space at the 
3 seales) with values of r ranging from 0.7 10 0.9 and 
p < 0.05 10 < 0.01 (Spearman test). Thus a relalively 
high variability in numbers from year la l'ear generally 
goes with a relatively high variabilily in densilY from 
place ta place (when Ihese places are al least sorne 
hundreds of meters aparl). 

DISCUSSION 

levinton's hypolhesis is substantially corroboratcd. 
ln the Wadden Sea. Ihe food supply for suspension 
feeding benthos as com pared la Ihal for deposit feeders 
indced is morc variable at various time seales (seasons 
and days). The annual numbers of suspension fo."1.ling 
spccies on the tidal nats indeed varied more strongly 
Ihan those of deposil fecding species. Aiso the variai ion 
from place 10 place (at sea les from several 100 m ta 
several km) was greater in suspension feeders th an in 
deposi t fccders . The most Împorlant point yet la discuss 
is : what mechanisms govern the fluctuations in time 
and the variability in space and has the observcd dilfe
Tence in variabi lity of food su pply anything ta do wilh 
the variabilities in Ihe numbers of the animal species. 

Ali of the species deah with produce anDually Ihousands 
of eggs per adult female and Ihus will have a high 
polential for annual variabililY in numbers. Rcduced 
va riability is 10 be expecled in spccies showing sorne 
ki nd of feed-back mechanism 10 regulale their numbers. 
ln the spedes investigatcd in the Wadden Sea in Ihis 
respect, only Arenico/a and M(lcoma showcd deaT 
evidcnce for the existence of such mechanisms (Beu
kema. De Vias, 1979: Beukema, 1982) Variation in 
recruitment was particularly high in the typical suspen
sion feeders My/Hus. Cerasroderma and Mya (Beukcma, 
1982). The presence of a clear regulatory mcchanism 
only in the 2 spccies (Arenicola and Macoma) that rank 
lowest for temporal variation (Table 2) indicales Ihat the 
operation of such a mcchanism is a prerequisile for low 
year·lo-year variai ion in numbers. 

Distribution patterns in the spccies den lt with will arise 
mainly from settlement of metamorphosing larvae or 
o lder stages Ihal have becn washed out or prolonged 
their pelagie way of life. An interplay of physical forces 
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Table 2 

Temporul /llId sp.lliuf l'Ilfiuhilily of Ihl' 10 IIkljor IIW(ro:oo~nlhil' $pl'cin lil'ing 0/1 Ihl' lid"l finIs Il} Ih .. Wudd"11 Sru. lis/I'd ill ordt'r of dl'a,'using 
)'l'ur-IO-)"I'u r '·urlllbiNly. Thl' figurl'.1 sl/O,,"II url' rOl'ffirit'nls IIf .uriulilllll/Ild bt>/"·een br/lrkl'IS fIlnk Ilumbt>,s. FirSI cofrmm : mril/bility in linn.' IIf Ihl' 
si;:l' of Ihe /(>1/11 & lg;:ul/d popull/liol/s. ~Impl .. d dr"ing f4 SUCCl'ssil·t )"turs. NI'XI cofult!ns : l'oriobi/il)' ill spoel' 0 11 di/ftrenl scults. I·i;:. Wuddl'n Sl'U 
( 99 mmSl'e1S. sumplt'd once), Bulgzund (1 5 pluets. /4-)'l'"/I r 1111'1111$). <II1t! 1Ii0IIg im/Md"/Ii IfIllISl'("lS (f0 s/lbjl/mpfl'S. J "/lnSI'l'I.I. J )"l'/lrs). 

Feeding 
Spedes type 

umiu conehill'xa sus + dep 
M yu IITenllTh, '" M y/ilus l'dr,lis '"' Ctraswdernra l'duit '"' Ilelewmll~"lUS fili/lI ,m;s dop 
Se%plos l,rmiger dop 
Nephl}'.1 hombergii prd + dep 
Nl'rei.1 dirersirolOT d, p 
Macomlloolrhica SuS + dep 
Ar" lIkola marillu dop 

(water movements from tides and wind) and behavioral 
meehanisms (accepting or rejeçting of the substrates 
encountered) will shape the dist ribution pattern of 
settled animais. Settlement of small animais that cannot 
firmly aHach will he limÎted to areas with low current 
speeds. as they would be washed out at higher speeds 
(e.g . Baggerman. 1953. for Cera.~toderma). Thus in many 
species initial di stribution will be limi ted to speci fie 
areas, where they accu mulatc, Icaving othcr arcas 
barren o r only sparsely populated and th us generating 
a high coefficient of spatial variation. Such specifie 
areas with high densities of young animaIs on tidal 
flut s havc becn obscrvcd for Arellico /a (Farkc e l lIl., 

1979) and M acoma (Beukema et a/_ 1978). 

Nevert heless, exactly these 2 species were fou nd to be 
relatively evenly distributed over the tida! nats (Table 2). 

The explanation of this sceming contrad iction is the 
phenomenon of redistribution observed in these 2 spe
des after a stay of t to 1 year in the nursery and having 
grown up there to about t to t of the adult size. In win ter 
high numbers of these young animais can he found 
suspended in the tidal streams and tran sported ovcr 
long distances. In both spccies this mass transport 
results in a spreading o ut (Beukema. 1973 ; Beukema, 
De Vias. 1979; Beukema et (d .. 1978). Thus, as in tem
poral variation. a \ow spatial variability appears to he 
attained only by a special meehanism. The one ot her 
species, M ytilrls, known to redistribute itsclf on a large 
seale, sorne time after initial seulement. makes specia l 
demands to its new seuling place, viz. niches in solid 
substrates (Verwey. 1952). Such places arc Tarc on tidal 
nats and arc in fact almost limitcd 10 existing mussel 
beds. Consequently, rcdistribut ion in M y ti/liS promotes 

Variabilily Variability in spacc 
in l ime Wadden Sca BalgZand Iransects 

203(1) 413(2) 188(1) 127(3) 
1 28{2} 184(5) 78(7) 142(2) 
11 7(J) 562(1 ) 164(2) 235( 1) 
96(4) 266(3) 116(J) 103(5) 
74(5) 224(4) 11 0(4) 120(4) 
72(6) 132(8) 81(6) 72(7) 
70(7) 82(10) 65(9) 58(8) 
56(8) 159(6) 94(5) 89(6) 
39(9) 151(7) 47(10) 44(1 0) 
16( 10) 106(9) 7J(8) 58(9) 
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clustcring. A similar aggregating mechanism appears 
to operate in Lanice, in which species young animaIs 
have been observed to settle preferably on the tubes of 
the adults (Ansell, pers. comm.). Indeed, both Mytilus 
and Lanice are situated at the other cx treme in the 
order of increasing variability in spaec (Table 2). 

ln conclusion, at least the extremes (to cither side) of 
temporal and spatial variability appear to he caused by 
special meçhanisms that have no direct conneçtion to 
the type offood source. However, meçhanisms to reduce 
high densities (over vast areas or as clusters) will be 
nccded more in deposit fceders than in suspension 
feeders. Deposit fceders depend on a limitcd (though 
rclatively constant) food supply that is renewed only 
slowly by loca l production and dcposition. Suspension 
feede rs living at the boltom in shallow seas. at the other 
hand, experience a cont inuous and rapid (though 
erralic) renewal of food produced elsewhere and trans
ported by water movcments. Thereforc, suspension 
fceders can permit themselvcs high local dcnsities and 
deposit feeders cannot. Competit ion for food generally 
will be more severe at the limited food supply of deposit 
fcede rs than in the situation of suspension feeders. More 
generally. deposit fceders will be food-limited more 
frequen tly than suspension fccde rs and wi ll bc more 
often of the type of cquilibrium or K-selccted spccics 
as eontrasted to suspension feedcrs bcing more of the 
type of opportunistic or r·seleçted species. The mecha
nisms reducing temporal or spatial variability then ean 
bc regarded as part ofan adaptive strategy that will have 
evolved in marine benthos more often in taxa taking 
their food mai nly from the bottom than in those fceding 
primari ly from suspended materia l. 
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