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It is my uleasure, as Director o; tnt R~ologica? Station, to welcome 
)ou to the 74th Artni ver6,ary Beniillc Idorkshop. 

The Blolvgicai Starcon was esLablished ~n St. Sndrers in 1908 and was 
the frrst. marine Elsherars research itatlon in eastern Canada. The orig~nai 
woooeo laboratory was destroyed by tire in 1932 and replaced by a brrck 
building che foilownug )ear, ?dumerorri addltrons since that dare hdve 
produced the mix of modern and traditioilal bulldings we now occupy. 
Current,y, plans are under way for a new multi-story bric~ buildlqg td 

peplace wi-14. of the older vraoden biiibdlnps wi our campus, We Look forsard 
to these de\r-.i>pii;ents, 

" r a n  the enrilesf trrues, tile A~o?ugTcdl Sratian ha6 iwintained iiose 
~oliaborat~ve links witn tlre University comm,~nIty. 111 our earlier years, 
ail the scie.iirif~c staff #ere unlversLtv prnressors. in 1970, the Huntsman 
Ysrine Laboratory, an edscatlonal and researib institute comprising a 
-onsort rum of Sastern ta.;zsdi.an Universities, was sstablrshed on properr res 
adjacent to the Blologicni Station. We nisn to take t h ~ s  opportunity to 
t~raoi; the dML Director. Ds, Toni Moon, for help in provid~ng accomnodat~on 
tor some of the workshop parttc1pant.i. ke hope your stay at kiderson House 
is a pleasant one, 

One imporha.lt  reatiire of the research conducted at rhe Biological 
StatLoii i* ccrncerned w i t 1 1  the intera~tion between tlre fisheries resource and 
the aquatic enviroiinent. in rnany days, studies on benthic biology maxiage i o  
~mprc*~e our und~rs~andrng of this inreraceioi . Benthrc organisms are the 
principal food of groandtisb, such as cad aqa haddock, and are also 
recogslzed be gocd i~dicatocs of environacntal distdrbance, benthic 
organisms nor being able C 3  ii?ave away from tiis poJIutLng S O U ~ C ~ .  RescarcIi 
on fish hahzrst, the biobngicel effeccs of coxic chemicals, and fssherles 
ecol3gy are topics of bniportancc at tire BLologPcai Stacboc, 

':'he opportunity to organize t h i s  workshop is therefore ms"elevant to 
our research interests and, 1 hope, the opportunity for participants to meet 
and discuss the biology of the sediment-water interface during this workshop 
will be produelive - 

1 would particularly like ti? greet out guests who have rraveled far to 
be here today, I note that we have v i s k o r s  from Pale University, University 
t3f Ymryland, Guelph Gntverskty, Dnihoilsde University, Universi.ty of Xew 
Srurlswick, and the Zlaritie Ecology Laboratory, Bedford Institute of 
Oceanography. Visitors from Unlvarsit& Lnval and Universitg de MontrGal 
were preveilted! from attending by a snowstorm, 

Without further ado, aa) 1 k i $ h  you SUCC~SS in your vnorksiisp efforts 
and hope that the presentations proit to be -"cn.uliiting to all. 







By way of introducing this workshop 1 will 
attempt to define tile sediment-water iiieerface and 
also provide a franewnrk wtiicll may help ti) orient 
the reader to the abstracts and discossioi;~ whicii 
f oilow. 

The aariile environinent has inany zoines of sharp 
physical discontinuity, for example, between the sea 
and air or between zones of differing salinity, 
referred to as tila pycriociine. A clinracteristic 
discont.Lnirlty occurs on the sea bottom betwei?n 
sediment or bedrock and the sea water immediately 
above it. 

The water-column li.mit of the sediment--water 
interface of the Continental Shelf is bounded by the 
upper limit from which benthic organisms can obrain 
food, respire, excrete, and;or void Riogcnic 
materials. Z:i the rnajorLty of rases this will 
coincide with the upper limit of t i le  turhubeilt, 
bentlric boundary layer (Fig. 1)- Witilia tile 

nxidat ton, resulting In oxygen depletion and 
mortality of aerobic organisms, OccasionaLLy there 
iimy he no tidal i u L  considerable wave energy, i t?  

kiiilch csse rhe wave pulse near tire bottom oscillates 
water particles 'mckwards and forwards w i t h  i-i osight 
movemeni Lri the Cii.rect ion of wave propagatinii, 'nlzve 
motion near iite Sotcorn depends oil the depth of the 
water robumri; i t  is cJrcular at the surface, then 
cilipt%cal and  Flnaily flat in deeper water. 

'Ciie sedf meiit L l  ~ z l  L of tire sediinoriL-water 
interface Is bounded ahinply by the penetration of 
macrofauna into the sediment. This ruay range from a 
few miliimeterr; to over 3 m depth in she sediment. 
Macrofauna aay h i - r o w  deeper than the redux 
discanrinuify layer, where pumping activities 
maintain an aerob: c microniche ., 

The sediiarrrt-water interface is known to be 
linportili~t far chemical fluxes arid wlrrrc physical 
energy, in the form of tidal currents and waves, is 

E u p h o t i e  Z o n e  
Limi t  of' L i g h f l e n e t s a t l o n  

T1-x°ex{:76 s 0 0  ,. ::\: "q:PZ: .. ::':; W a t e r  m m 

Ph;toplankL 
- .  - .  - .  

S e d i m e n t e t l o n  
Upper  L imi t  of Turbulent  Laye r  

-., -- -&- - - - - -  - 

-, " m.g. 1, Diagraniatic representation of majar physical features of the sediment-wares interface 

boundary layer, the drag effects of currents passing dissipated, it i s  also c zone of importance in 
over t i l ie rough sedi.menr surface produce turbulent primza-ey andior secondary production of the wrinr 
mixing which results in a well.-mixed layer cf~en of ecos:?siem and, for this reason, it is appropriate t o  
several meters thickness. The exact thickness of define the sedineirt-water interlace i n  terms of 
tile well-mixed bnuiidary layer vi.ll depend on the biological as we21 as physical factors involved in 
degree of sediment surface roughness rrnd the t i d a l  s h a p i n g  clie biology of tire organisms that Live 
current velocity. there. 

Becduee it is proba~ly ri~usual to Elad a smodtii 
natural sediment surface, laminar iiow condition* 
rill usually be absent and titus need not co.npl~catc 
our definrtion. Occasionally sea water above the 
sediment nay lack any tidal current or wave energy 
and here anoxic conditions will be present, a5 in 
some deep fjords, In such conditioas the redox 
discontinuity layer rnrgrates above the sedisent 
silrface due to seasonal pulses of organic marteb 
from aatural or antirropogenic sources, This la 
followed by aerobic cataboSism and chemical 

The subjest matter covered hy the nine workshop 
sp2"tikers Palls into one of the foliowing categories, 
Tropiiic pathwayr; Leading to wcrobenthoa, incliidlng 
sedimentat ion of planktonic organisms, lateral 
transport or' organic matter by bedload transport, 
a i ~ d  erosion/redeprreitPar~ processes. Experiments 
with susperision-feeding animals include field and 
lalmratory approaches. The last theme, the 
provision of riovel methods for the study 55 macro- 
berrthos, is of critical imporranee if bnthic 
biology i s  t o  develop as a w a n i n g f u l  subdiscipline 
of marine biology* 





i'reaen? es t imat.e!s i.t the propor - ion dild compo- 
nent i;ypes of primary priidilctian exported from the 
pelagic ti* tire hentiiic reaim vary sraba:.a::tiaily a id  
are subjeci- ro several biases.. lii ;I ci)~npilaric?n of 
data coi'isistini: mostly oi observations at :?bier 
latitudes, Ssesc (1980) indicated that only 10-25X 
of annual prir2aa.j. prodi:crion Es exported "&low a 
pycnocline. tiorever, if - ;ill .- tile prnii~sctiori is 
grazed by one tri~phic ;eve?. of consumer+ at 6UX 
-i,ssLrr?i iat io.1 efficiency, the Eiux at: cite base of Lhe 
euphotic zone siloulti -;till exceed 30L oi :;he annixill 
primary prai;iictlon. 70: co~~stal Len!pcriil-a waterb, 
graziag race estimates vary from about 5 to 90X of 
productio~l, with afi aniiiial iL;;.an around 30 ro 50%; 
(copepods f ) r l l y ) ,  Gali;:n1at iozis based on energy 
density nea:s;lrerne:lts fro111 Emerald Beilk darii suggest 
that gra~ing hy copepnds i; ahotit 50% but, on the 
bask; of :iir.rogeii pr~dac~iiln and requ3 raucnt"i the 
e.,i a1 zoo? Lsiiki on cvinmuilitg wdj graze s- 70% c f  
product i.o11., 

When ;ii?iieai ,;ri~~:ary pic,d.uc:i-on 1.3 z;raacna'ily 
i;lghii in3dulaiod. thre g r n ~  i11g zoopla;i&toa coianuni cy  
dces :rot ;-1oseLy 't~iack " product ion, and rr;ucb 
iingrcizrd algal : w i t i . i j a l  can escape iiireciriy i o  !.he 
b:rnthoos, Tiius, at: L~igiier :h:i tildes i n  iiirtti~ental 
sheif ecosys~er~~s, e~erg:. export f ram tile pelagic 
community may be el.svared, Thi:; vuulii cxploia 
observed Lat i t ~ i d i n a i  i;,radliiots i i i  the rnlio of 
;:eleg"l r-o ",ot?>lc p~~diiction jilecersen and Curtie 
1980)- 

1x1 #:<>:ist;il ':~,>syrt.<~~'ls LJl?eru the i>el:lgic 
. - par~:;--n~.~'a~'? 8~t~;aziiz 'c;:rtx~n (?LC) coiltatns deLrita1 

maceria. <>f se~erai origlnq, i?. is wseful co 
part it ton c,srhc,!i f iri;ios into mca.s~>hy~Ic* microbial 
i :lc!u:ji v t  i.: i,!rutoj;ankt:ic, and fecal components s. 
T h i s  !:a-: ??tierr acroii.i~iilrel, usirlg &n image analysis . . sys len ;  c i r n p r t s f i g  ,r:: in-vert ed phase contrast. 
i.,icrocooe, , I =.+mi.: I i i d  nionitcir , arid sonic 
d l &  ! i 1 zer L:~l-.rfacr-..' Lo an Il:'.:--Pi, znmpiiter. Volumes 
,f c.z.Ils .i,:ii +ec;ii pi?i.it.t.s and iiti?bc *caibor~ contents 
tieve c a { ; - s - ?  udciL  .- ' fjr ~;aapi.is coliected by 
;ediaci.rir rr-a;?; t x,>o rile Ik-,aclorr Sea ( :ss:~ngnakj and 
Scdford Basin, C u i  Lecc i o n s  f~oii; Borri~w Scr>:it 
jKes~iute) : + T i  bc,Lng processed, 

Esiii-,ni e'., ;f iire reidlive i l o i i t r i b u i  ions of 
p'~ytoplan%fcr. a.ld fecal m ~ e r l n i  tc downward flux 
~lihy bc heai1ii.y kissed by sediment trap design. 
~ ~ " - 3  v.Li.cs ~ > 3 with LCW aspect ratios u:;iiiiiraiaj~iii small 

particles, lesusperrsian of settled :mtarlal alsa 
occurs, bit 11;ay bii :jr?sni: i t  table 23 a ratio of fecal 
pellz"; r::t;!? ;lad wLt?io3t peritrophle mseinbrtiiies, 

-,:c- ~~..,~iercncrs iit pelagic-benthic coupling among 

t raid i". 1 ,  traptrhte, and arctic ecosyscrms are nor 
jet es"r;nbli~herl, but certain genera1izeZic?ns may 
hold, uiz: 

(i) iiotlr cellriiar and Etcal t'OC fluxes may be 
i i i g i i l y  variable sodsonaliy, Ceil i i u x  
di~iaLila~-ia at times of tligh primary 
prod~ctinrl~ At ",me* of heavy grazing the 
fecal component dominates. 

( i t )  Co[>rophagy ts probably an excerisii~e arid 
i:r.pariant process. 

jiii) rlicrozooplankroii {Protozoa) grazing orr 
nananplnrrktoii must be 6igr i l f  lcailir ; 
seasonal elnt.i~iriid fluxes can ;be very 
higrl. 

(iv) Loss of ii;ini~oplaakton to sedimociaeiou is 
probably negligible due to negligible 
inki11g r'*ces - 

( v j  Coimunity respiratory losses m y  be high 
at elevated temperatures, 

Pe~erscn, i;. ti., :id M a  A. Curtis. ~980, 
Dif Zersnces in cnergy f Low through twjor 
co~ilpailants of subarctic, temperate a d  tropical 
marine sheif ecnsysfeinc. Dana 1: 53-64, 

Suess, E. 1980, Particu:ate orgarlic carbon Fiiix L r i  
tile oceans; surface prod*.~ccivity and oxygen 
utilization. Nature 288: 260-263, 

R."IC"MII)S Do yiiti f i n d  aicorphous aggregates formed 
from dlssoived organic matter (1131SI) B La 
Riley and vascular plaiic debris acioog tile 
particulate organic matter? 

ROPE' i: have fv i ind ardorpilous aggregates, but not 
vascular p i a n r  debris. The reason for this 
';:; that -,y saiaples llave been f-roa 
off shore. i am sure if 1 Looked i n  
cc;as!ral areas, where intertidal or 
subtidal mcrnphyte production was high, 
' ,- " 
.laL 1 woui.d f i n d  vasciiiar plant debris. 

Gaather PBkI species evldeot i n  my samples 
is zaopiaiikborl fecal seiletsa You can 
still distingudsh tlirm even after ';lie 
:jerltrrophlc iaeabrane bas &e;l ruptured, 

RH0AZ;S The cl~eioical neiurc of sediment organic 
- ranLr is o f  interest as i s  Liie transition 

f r o m  D;)'-; to POX. 

 OFF "bs, there arc, two categories from coastal. 

waters. labile and p'rienelic illi:~ *it81 
amounts u p  to - 5 mgil, at  lie time of 
sizing hloo:c, an:d 1-3 mg/L at other times 
of a he year, Very lictle is known of the 
interactions of the two chemical poo1.s or 
of pie DOM LO ?OM tearisition. A further 
myscery is thar  POM from Lhb deep sea is 
eeilmated by "C dating to be twice as 
old as t i ts  ocean from whicll the samples 
were taken. 

r " - .  N~LDISK in the Arciic sitilat~oir you describe, 
where a ri.ugle sedimerltciti:;a piaise of ice 
algae occurs, isn't thls a good 
oppostiloity to relate the rate (-if br?iithic- 
pel.agPc ~oupliiig j i  .e. processirig of 
carbon by fauna)? 

RUFF Yes, 

NEWELL Do you think t?,at. riie pulse of  phylo-.- 
pia:kcoi~ cells vitich are dt+posited in tile 
;iuturiin of tamperrite climates is settially 
nvaiieble for bentilic coiisuer+rs or arc tile 
cells eriey~;ted and therefoci?, indigestible 
to them? 



i)ii~:ifiagellates and ci~ytrids are certainly 
encysting at that time an2 i would suspect 
that a priipurtlon of titem would be 
tinax.-el babie to conaiixners. The rx%jorlty of 
t h e  cells appear IlaaLtiiy whereas an empty 
f -, Lr l a tu i e  - or part of a frilsk?~Ie i s  e a s l . 2 ~  

rcicugcized. i i l .an ,  can encyi; t e d  dinoflag- 
ellates pass rilrough invertebrait? grits 
w i t l r t i ~ t -  being digested? 

WHL'GIC rhere Ls no definitive evidence on this 
poi.ni-,  alei~o~lgh I uoiild suspect tizat they 
coi i ld"  

NEWELL It would be icseful io test th i?  digesti- 
billty o f  phytoplankton which <ire cnnsuaied 
by representative ini~ertebmte coilsi;merir* 

ROFP yea, bur: eiie probdS,;l?ir.y i ;  t l a i ~ : .  most 
phyrop?onktcrr species cait be dLgt?stlted by 
a: leas:. one of the CUIISUPI~P stie3cia"i 

G M K T  A r e  Protozoa attracrad to fecal pellets 
because chew graze oo attached Sactr?ri;ai 
mi:roF%ora or because they use the p e l ? e i s  
as a solid substrate? 

Inere Is argument at present as to ~fk&i2ieth?!~ 

the: peritrophic mefcbrane of f e c a l  pe%iets 
is broken from the inside nut  or From the 
o.btsiie in, and li.ence It hs unclear as zu 
t i l e  origin of the mn̂ ic+nfiora and 
microfauna which r a p i d l y  caionize the 
fecal. peiiet. In 100-203 m of water a 
fecal peiIes. seiis:ents in less t l ~ a n  2 d.. 

ROPF "ies, hnd i have rriecl i n  caLcuLaie linw 
narry cells it would take Lo keep n fesa i  
pellet up :n the k-ieitr c r~ i . t im i i  ii i:PI t i l e  

Z r o ~ o e o a  were swiraai i rg .  ii; "rrnper;.,ie 
climates during f a l l  tne tint innids encyst 
witiiir~ tile ioricule and stop swimming, 
which t e r ~ d c  t o  noke cham sinkir Tire carbon 
caiculatiaas presented were m d e  on the 
basis that If a Iorica was found the cyst 
was also present even though It was not 
counted. 

SGliUlt4C;tll~fii", in tire inl.ertida1 sedimeiats  of t i l e  Bay 
of Fundy live non-encysted tintinnids are 
boutid, but as you go further i1lt3 the 
subttcdal the sediments contain oii iy  
encysr-d cc? Is o r  IrsrIcui.e*i witl~out tile 
cyst, 

FZO Vi "  I n  cilr rirnr s u b t i d a l ,  mariy c i l i a t e s  may 
a l s o  bt.ci,me i capped Lxz benthic w.teriral 

GRANT A r e  cI~ere ~ w n y  Protozoa anon:< tile 
irnrler -j.ce a'i.yae? 

I - i , ~ p ~  incredible aaounts i n  soae places, for 

example, in an apnritic ~'oineunity 1 have 
studied, aLLgotrlcli and hypoiri.cti ciilates 
are a c t i u e  at -2'C in large i~uinbers~ 
There ,are no grazing esiimates far these 
animals  and 1 am convinced thac producr.irin 
estimates made for t i l e  apontdc cofaruui.iZty 
arc too lowI 

GPRX? 110  obi ie prstoziians attaciaed to tilo ~ c * c - ~ I  
i ; e i l e i  slow down 9;s rate of 
sedimentat ion? 
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Eedl oad ir#.>?iaxienr. of organic ; n ; i L ~ e ;  ):a; ol ten 
beon invoked as a raissing term to e x p l a i n  why 
budgets of benthic cixrboii supply znii i1.i.i ;billism do 
no:: balance. Despiz-r its apparelit: iinpi,ci aece in 
benchic-pelagic coupltiirg in c o a s ~ d  and cce;lnlc 
ecesysioins, the magnireiiti of chi.; process itas never 
bee;: mntisiired, Sedi:nrntoiogists have estirmied bulk 
sediment transport ckrougn various m e a x ,  but no 
!~eti~nd*.ingy exi,,.;;:s for tile assoillated muewcnt. i,E 
organic ~znaterlai, Verti.ca3 deposition into 
cyl. Lndr-ical sedi~ment traps fails in account for 
lateral transport, ~~art.ici~larly close to ti;** bed 
where benthic organisnis ore 1Llre:ly co capcure 
parti!:les. Sucli traps me;is.irs deposit Lon only to 
tile sedirnerii--water ixzit'rCnce whereas delrit*l flux 
ii~volves rile tipper f e w  centimeters i iT  t.iie sediment 
culerni~. 

ijracr scachi:?g tire se!i lizpii?-vales Liirerface, 
organlc m a t t e r  is Lncurporated Irito the bed in a 
varieiy ni ways, ij:~crjltus may occuii:ui,*te i i i  rippie 
trougiis and form fiasrr-Like r;trucluriis ( i . e .  mud 
:.aminntion:;) wtiich le t !  buried by migrar ing ripples 
Depending on shape and text.:.tre, dct ri Pal part ides 
may abso b d n v e  as Individual iirtiiera! grains and he 
I_ ran:3po"i;' "iLilri-- s a m l  uridoc g l v ~ i r i  flow coizdit ions. 
However, hrcalisc -istiC1 aad ds:citiii; are often 
combined ;XI nr.<,~irii.-~;air;ec,~l aggregates, L1:e 
di,st,dnc:.;cii bciw-en iliscreie orgz;oic particies je.g. 
fec,a? p e l  LC: s ,  ~~acropkyte freg:riei~"ls) and nijncmj. 
gra:i~s jvi- . t  7:liLr .~ssoc;ared organic mtrlx) Is 
often moi!d?,id, 'This pruhlem i s  indicative ilf a tY~:rd 
mean.; by wla:c!i detritus becon:es part of the bad: 
iauctis b i a d i ~ q ;  i r a  exuda:es produced by microbes and 
metazorros, Tiie r07 c of biofi ims i n  etabifistttg 
scdiioenrs has receLved recanr attention, t r u t t i i e 1 . r  
a b i  liry LO "scl-ci:" prrt ii2i.e.; f rum tilo wurer column 
has no< iced examined. 

An oi Lei] ;?egis c r e d  c:onsndeird-";ri in the above 
o~oconses is ti-iilr Eedfcr~i, irdgra~inii is cer~trai to 
t?ic hirrlzonzal m;-~eneaf. of orgonic 7zttter i n  non- . , 
coii:?g:ii(a :;e:ii.n:nl'< - iiutes (if rippie rnigrat ion liaue 
oi:ca.sio,ia : l y i:?el. .s~:ls::red I n lii~rnes, bu t  rarely 
aeteswi-ied in r l j e  f:.eltd, I)eapiie recent i:%tcrest in 
;ricr-:iscale "niogeiilc se.ru::curcs, ripples have seen 
ri.hatiuely ignurec e x c e p t  fur a I-ew ionparisone a: 
sadiinentary p,lrn,r*-re;j ecd fiiana: zbunca-ice betdean 
crest nrtd rr3t1g.1. 

As ;ir: ir".i ?rial ippr:)ach 10 iater;?i ofgornic 
erhnsp:3cf;> 1 k2ve riiccntly cois;~leted a set of 
i.wpr.cirieii::; tlevigirt+d to inanoilre depoeltlan and 
resuspeasi*i:l cC oa.gan1.c cnriri>n on sand boti.oms. 
T~~~~ sf il..+3i.,~ ,,,- .. **.id -.-. were placed on a she?~ertid sand 

becrcii in halifax liarhour, Xovn Scotia. 2ippLes 
foriued in the t rays were identical. to, and 
c C . , F :  , >,,, ,:iboris t w i i : ? i i  those in fire s1~rrcuncl4r.g sediment. 

W t t h i - i ~  3 siiigte iiidlii t i d e >  asiieu sarrd gained a 
ni:ai;ciry * - of organic iarbonz equal to one-half of the 
i\mhient scanding sfrock, aitiiough tiir raire of 
resiispensiov was very rapid over the next few days. 
Deposition was very miucli deperiderit on wind 
cottdirio:~~ and tile resulting waves, These praises of 
organic matter on short tint scales (hours) could be 
exploited by an1inal.s wit11 the ability to faculta- 
tively swir-oh feeding anodes, i.e. from deposit: to 
suspension feeding. 

In order to wanipillate aspects of ti?:s 
Lntertidal eiivironncnt, 1 will exealae these 
processies i n  o laboratory flume. Ot parciciilar 
ij:teresi are rhe i;oys in which  biotic factors such 
as microillal, iuats tkggiatoa) ,L---- affect ELuxes becweec 
"re sed.~neiir and the water ceiun~i,. T cxyect thae 

tills program o f  laboratory end contisu:ng field work 
wzll elucidate tile role of liorizontal adveerion rn 
cnas tal ecosjs tens. 

RHBPtDS if you did the same experiment you 
described, but in a pi-iysicaiiy Low energy 
area, one woiild get quite different 
resuit:i. Wiien infaunel deposit feeders 
are prencrit in sedinei~i.;, there is a 
seusoilai cycle of change Ln organic 
contenr. T h i s  is due to i h e  pronounced 
siirnmer acrivlty or inacrtbei~Lho~ sooh as 
heed down deposit feeders, e-g, naldanids, 
w l t f c i i  -iulnage to recycle LZte deeper carbon 
particles Lo the sarface. 

GRihVT There were f e w  macrofauna in a y  study 
area, eIt/tough in adjacent h i g h  energy 
areas (ir-enicola., Mya, Gemna and Nerels -mj . -- .- ..... - -- 
be present. 

RHOADS What is the time scale for u" LiLlzntion of 
PCM by r~acrofai~na? 

GRQJr"i" i w a s  able to measure the fiux of POM into 
experimental areas but not its utili zation 
because of the lack ot iaacrofauna-. I am 
interested i n  the problem you raise and in 
part ictiiar tlie behavlcral trlggers which 
regulate changes to and From ~iiapensiori. 
ieedLng/depusii feeding. lhis transition 
is p r o b a b l y  iaciiltat ive in many species. 

tjL!,DiSK Is !:lie transfer of bedload macerial an 
indication of  i,ow much POM is coming into 
yoLir trays? 

Kk.M4 T Yes, but my meiliod does not di.stinguish 
i h e  source of the Pf1.i or the distance over 
w i i i c h i f  ";has been tr~nsporred* 

XEWELLL The PUM whicl? appeoreti 1x1 your trays was 
not i~enessariiy evi.dei~ce of bedload 
LransporC, For i ; r s  taizce, wave action 
could cause considerable winnowing of fine 
i"0t-i fro= the sediment and the transport 
could bc in water. 

GRAB7 Where there are waves and oscliiarory flow 
tlrers is recycling 13i PO;"", already present 
at that 2oint. I t  dnee nor. matter whether 
the ilk4eeris'i is transported or recycled, 
beraz:.re once i t  Ls in the water coluiria li: 
is svai 1abI.e to o;ispensian feeders. 
Resuspension r!iay bz hpoortantfor 
procrzsc;lng of ti:c P3X ssbiich in water is 
exposed to ail oxygen-rich environment 
where microbical activity may occur ac an 
enhanced rate, 

NEWELL The winirowir~g effect is itnportaai~t 'because 
in the water coium:~ POW is available as 
food to si~spsnsian feeders whereas 
materia? trai~sportel as bedload is not 
available to :he%. 

GRMT 'lhere are Pncredibie aicouilis of suspended 
POM just above the sedimeiz;. It would be 
useful to owncurs chiii~ges iii tire organic 
carbon rnriteilt riisar tlse sediment during a 



tldai cycle, although ria<? id cri;scale 
sampling required could be ... rohlirm, 

RUFF Resuspension rates are difficult to 
quantify Ln sediment traps near the 
sediment-water interface, The rtml.erial 
ciaiiactc?d includes fecal pellets both w i t h  
zinc! witiiont a periiropiiic c:abribc,:ir. Based 
on water depth, sinking rate of fecal 
pellets, the rate of perkrrophic mernbrat~e 
breakdown j- 20 d at 5*6),  and the t o t a l  
nrnount of  iacel pellets in the sediment, 
i t  s'a~urrld be pnssible to cal.culate the 
iesus;>ensLuir race., Fecal psilets s i n k  at 
a rate which allows rrhern to arrjve at the 
bottom wicb an intact peritruphic 
aembroi~c-, Resuspeiided fecal pe"lets sikl 
i;.aci.ude those wlthout mambrenes. If yoiu 
know tile density and size of resuspeinded 
pclleLs andtti:ose collecteii in t i l e  
scd iaer i i  craps, it shioi:ld be poss'ihie to 
calculate resuspension rate i t  you know 
the average lifetime of  a fecal pellet. 

GRANT 'That seeins l i k e  a reasonabli? idea. There 
are numerous ways to measure resuspension 
race. One I have tried i n  conjunction 
w i t i i  Barry liargrave is to emplace "pan's 
pigcis" wh'iricl? are cnLumns of seall sediment 
traps, each of d i f f e r e n t  iie ight expecr ing 
different catches and rares of 
reauspetiainri according to the l eng th  of 
the cylinder, 

RUFF What kiiid of sedimer~t trap diii you use? 
The absoliite size and heigi?r to cliamet:ir 
rpatio of tlili trap would a f t o c c  your 
calc"ne8, 

GRANT TLtls is cercein1.y true for trapping of 
susperided iparticulates., Closer to the bed 
r o w  people have used partially buried 
cylindri.cal sediment traps, b u t  with these 
you would expect bcuiadasy layer f low 
diswjitior,. 
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Maiiy s t i r d i e s  l i :dicn.e c h a t ,  a i : * : o a ~ g i ~  p h y s i c a l  
e i sv i ronmenia l  f a c t o r s  a r e  i m p o r t a n t  L:) dr-i-eriaining 
t h e  o v e r a l l  d i s t r i b u t h n n a i  p a t t e r n s  of 5;ir i i -e  
i n v e r t e b r a c e s  , mnsr s p e c i  e s  Live w e l l  h i i l l i n  t h e i r  
zone  of p h y s i a i o g i c a l  co Lcrailer (:ieucl l 1979). 
i n s t e a d ,  f a c t o r s  such  -16 food avni  i a b l l i c y  and 
p r e d a c l o n  a r e  i i r iportant  i n  goveri:iijg t h e i r  -co2ogyB 
growth  arrd fecui;di ty,  hu t  t i i eae  a r e  l e s s  eae l l .y  
measured i n  tile n a t u r a l  i i n b i t a t -  

The aim h e r e  is t o  i n d i c e r e  i i ie  ways i n  which 
f o o d  awai i a b i  ~ i t y  i r ; ior;cts  n i t t i  ol her  l a e t o r , i  t o  
determine t h e  ecr>logy of t h r e e  boriio-temper& 
su.spe:rsioi~ f e e d i n g  h i u a i v e  #,&I. l u s c i ,  t h e  cock i e  
Cardiam - ( - 5 u r a s t o d r r a ~ a j  e d a l e ,  the blue  niussei  
M y t l l u s  e d u l i s ,  and t h e  American o y s c e r  C r a s s o s t r e a  . .. . - - 
v i r g i n i c a ,  -- S o ~ e  sf t h e  r e s e a r c h  o u r l i n e d  briow has 
been d e s c r i k o d  i n  ad2r.i- det , l i i i  by Newel1 and Beyne 
(b98i.I)) and  !;c~;ei 1 et :ii. <1982). Zacii of t h e s e  
s p c e l e s  has a  v a r i e t y  iii a d e p t a t l o n s ,  b a t h  g e n r t l c  
and  rai:n.-genet i c ,  ui;ictr c a o s d i r i a t e  r e p r e d u c t  hvr 
e v e n t s  with t h e  e r v i r c n n e n i  s c  as to oasxirnize 
r e ? r n d s r c t i v s  suciles!; (aayne  1975). Tirrire Is s t i l l  
ciii7.y p a r i l : i i  r inders racd ing  of tbae cnap l i ix  i n t c r -  
d c t i o r l i  belween oxoger,oas ( t i .g,  food avuiTabil . i tyi . ,  
ter;;:er-atnre, e e c . )  and c.:~dogenc.ui; ( e , g ,  hortiioiial 
c y c l e ,  n i i t r l i ? n t r r s . ; e r v o s ,  F-,L*~-totype, e t c - )  vcrLabLes 
t h a t  ensrirc .;yai:hroily ;rf gLiveLe d e c e l o p m ~ a t .  v i c n i n  e  
: ,op i? la~inr : .  Thl? i s  nf i , r?~nr i : syar tance  f o r  
i i o c c i n u s  .;;iecies h a v i n g  r x t e r i ~ a l  F e r t i l i z a t i o n  
xhl i;".eii:riri?s synclirciiiized i lber:acioi ;  of gametes .  

I n  Cardium e d u l e  t h e r e  is a  jiroiioiinced seasonal .  -- - - -. -- - 
c y c l e  t;f xa joc  p l~ ; i s io log icn :  fui:ctLioos such  a s  
m c t a h o l l c  r a c e ,  i e e d i s g  r a t e ,  c a r b o h y d r a t e  c t o r a g e ,  
and reprc jdur t  i v e  coiiciir i o n ,  i.:i t h  alniiadn? vaii ies  i n  
t i r e  i i i i t t c r  -1rid mximarr v a l u e s  i n  t h e  eiimmer aonthe  
jl<~.b;eil and B;lyl-re l980), 'I'here was no d i r e c t -  
c o r r e l a t  ion  biit.ii~e:i t h e  cihsurvc<d s e a s o n a l  c y c l e s  and 
w a t e r  c e n p r r n r u r c  a i i h o u g h ,  t h e r e  were s t r o n g  
p e l  ~ i v e  cor re la : .  ioiis i i c l u e r r ~  t h e  r e p r o d u c t 1  vr! 
cc?nd-i"iorr and iaeinbo? i r and f e e d i n g  r d t e s  . However 
t h e  indLrc?et i n f l u e n c e  of  t e#spera i i r re  and l i g h t  
:.-veld i n  i!ie sr;rl!:g o n  p r i m t r y  p r o d u c t i o n  avid hence 
t h e  e f f e c t s  or: fo:,ci a v a i l a b l e  f o r  gar?iecogei~esl.j and 
v l i t l i n g e : ~ e s i - ;  re4naiq t o  be e l u c i d a t e d .  

For  oai:; !ears i , a r i tud i .na?  d i f f e r e n c e s  iii w a t e r  
~ ~ m p e t n i ~ i : - . ~  nave heen i o n s l d e r e d  i c ,  e x e r t  a  doininan!. 
~ - - . #- .,, - L t ~ e i ~ c : ~  mi i n v e r t e b r a t e  r e p r o d u c t i v e  ;>at  t e r n s  

(Tliorso:l 191.5; Seed L975j, I;:awevsr3 Newell e i  a i ,  
(1982) w:>rkirg 0-1 sea r t in  l a i - l t u d i n a l ' l y  s e p a r a t e d  
p o p u l a i l o i i s  of :4, - o d r i l l s  - . on che Ease  Coas t  of rile 
U n i t e d  S i . o ~ e s  foiiad t l in t  d l f f c r e i ~ c e f j  i n  t h e  t i m i n g  
( s f  v a r i o u s  phases  of t h e  gameri;.ge~;ic c y c l e  cot!T?d not  
be l i n k e d  t o  1.at i t i ide err3 hence water. t e a p e r a t u r e  
p e r  sr .  InCeed,  two pop~ilat le-crs  on Long i s i a i ~ d ,  
-. .. - .- 
B.Y, (Stor:y 3sorrk and Sh- in ;~ncockj  i iad tire g r e a t e s t  
i-empoca1 i i i fe re r icee  i i i  gnmet:~genic c y c l e  w i t h  summer 
r e p r o d r i c t l n n  iiklxima s e p a r a t e d  by a  3-mo "bs te rva l ,  
A t  S tony  Brook, food is  most abundant  i n  t h e  l a t e  
s p r i n g  and summer when musss i  f e e d i n g  r a t e s  a r e  h i g h  

2 orawn?" ng o c c u r s  i n  Apr i . i . /Xay which is xiear tlze 
p e r i o d  of iraximuei food a v a i l a b i l i t y ,  They can 
rbral .o ~ u f f i c i e i . ; :  i iu t r r ien t :~  from t h e  see tor i  d u r i n g  
this pose-spawning p e r i o d  t o  accnmul; i te  a food 
r e s e r v e  a s  is c o n s i d e r e d  t y p i c a l  f o r  tile s p e c i e s  
(Gabbot~ i.976), i n  coritrss", t h e  Shir inccosk 
pep1~3.e t ion  f a c e s  low L e v e l s  of e n e r g y  i n  tile s e e t a n  
and  u n p r e d i c t a b l e  t e m p o r a l  peaks  i n  e n e r g y  
a v a i l a b i l i t y  d a r i n d  t h e  same t i n e  o f  t h e  year, The  
maximum ses";;n e a c r g y  l e v e l s  were recorded  d a r i n g  
t.he w i n t e r  when f e e d i n g  r a t e s  a r e  d e p r e s s e d ,  Thus, 
t h e  iiligh d e g r e e  of s y n e h r o ~ l y  i i ~  maxiinuw gametogee is  
c o n d i r b u  (and c y c l i c i t y )  w i t h i n  t h e  Srriny Brook 

populat i .on r e f  l c e t s  t h e  t. i n i n g  and iernpora! 
v a r i a t i a i i  In  Ir>ca.1 Food a - ~ a i l o b l L L c y  and t h e  Lorig 
ceriod d u r i n g  tire w i i l l e s  i n  whii:); &arnetogenesis  m y  
proceed .  ':x~ I ire S ~ I !  n r~ecuck  pupula"coi~ ,  rcoxi;iium food 
a v a i l a b i l i t y  occ:rv vi;eii ciie ai-iimals fire nut  
; ; c r i~ teLy ievsi ing and ciier..: i s  no chance tc i i i ~ i t i a t c  
h mit i - i e r i t  s t o r a g e  c y c l e .  ' i u h s e q i i o i ~ t l y ,  t h e r e  is no 
pror,ouncei  spawn1 ng p e r i o d  , bitl. r a t h e r  a pro longed  
p e r i o d  of " c r i b b i n  spawning" ii;, which gnzietes a r e  
g r a d u a l l y  r e l e a s e d  betweei: .7ulji and O c t o b e r .  

ti, ail e f f o r t  t o  understarid t h e  r o i n  of 
o i t i r  l!.iorr I r r  r r g i i l a t i n g  b o t h  feoe i id i i  p and 
r rc ruYtment  3f t h e  h e r k c a n  o y s t e r ,  C r a s s o s i r e a  
v i r g i n i e i a ,  I ? i a t . e  i n i t i a t e d  a  f i e i d  r e s e s r c h  
program, i n  c o o p e r a t i o n  w i t h  3 r .  'Zora J o n e s ,  bil two 
a d j a c e n t  t . r i ' n u t a r i e s  OF rl3e Chesapeake Bay w i t h  
s i m i l a r  ambient  i6?mperarurr and s a l i n i t y ,  Broad 
Creek h a s  a  h i g h  Level of recruitment, bur a d u l t  
growth i s  relatLireLy poor ,  ;riiere;zs Tred  Avoii h a s  
r.ci!aparai.!vely poor r e c r i i i  tmeat  bat good a i iu i t  
growcii. C u r r e n t l y  we a r e  e t a d y i ~ ~ g  how d i f  f t r i+ i loos  
La i h e  i n p u r  of i n o r g a ~ r i c  r i n t r i e n t s  i r i t c  t h e s e  two 
systeerus a f f e c t  p r imary  product iur i ,  D i f f e r e n c e s  I n  
t i re  p h y t o p l a n k t o n  s p e c i e s  m y  a i r e r  t h e  b l o c h e n i c a l  
; r i l z p o s L ~ l o n ,  c e l l  s i z e ,  and e-veri d i g e s t i b i l i t y  of 
t i le  a l g a e  a v a i l a b l e  i r ,  t h e  onispensiuri fender.;.  
DLFterei.icc.; i n  i n o r g a n i c  iliutriciita o r  l i g h t  Leve ls  
c a n  a l t e r  t i l e  b i o c h e n i c a l  !:omposir.ioi~ of eveti a 
8 LngLe pirytoplcrikton s p e c i e s  ( F o r  rev iew s e e  " J n r r i s  
1980; -  The s i z e  of tile a l g a l  c e l l  c a n  a l s o  have a  
d i r e c t  inf lui-ince on t h e  p l a r i k t o t r o p h i c  l a r v a  rjiiiclj 

car1 o n l y  i n g e s t  paz-t i .cles s m a l l e r  t h a u  about  L O  pm.. 
I t  is iraperat lrsa f o r  t h e i r  survlv; i l  t h a t  t h e r e  is  a  
bloom of nnrinoplanktnia c e l l s  duri.ng elie 3-wk j e r l o d  
tiiac t h e  l a r v a e  a r e  i n  t h e  w a t e r  CUIU~I I .  

i n  addi:iiin t;. t h e  Caciort; a f i - e c t i n g  p r i o a r y  
producz io i l  and t i le  b i n c h e m i c a i  co-riposir ioe of tile 
ae*;toiI, s c  a r e  studyizig :he ingast ici i i  aizd s t o r a g e  of 
+ .. 1 a ~ ~ -  ,> - <a ca-%ter%als by clre aduLts .  'I'his i n v o l v e s  

xir.isuriiig w t a b o l i c  and Feeding r a t e s ,  a b s o r p t i o n  
e f i . i c ion icy ,  n l  l roge i?  e x c r e t i o n  of tile a d u l t s ,  and 
t i i i i  t . o t a l  accu inula t ion  of carb i ihydra tee  and l i p i d s  
u n d e r  smhl e a t  e o n r i i t i o n s .  Fheae p a r a m e t e r s  c a n  i i ~ s i i  
be I."ikcd co tire r e p r u d u c c i v e  c y c l e ,  t o t a l  
fecr ;nd tey ,  atad a.ccruttrnent .  I ' r e l i io inary  r e r c l r e  
in : i i ca te  s i g n i f i c a n t  d i f fe r i? :?ces  i n  tiin lirairzg (3: 

p r l u a r y  pr r iduc t ion  between e'cicse sys tems  but  lie 
d i f f e r e n c e s  tn riie p h y s i o l o g y  O F  t h e  a d u l t  o y s t e r s .  
T h i s  emp'iiasizas t h e  impor tance  of ma;:siisiog food 
a v a i i a b i l i c y  when t r y i n g  t o  * ~ i i d e r s t a n d  tile eco logy  
of b i v a l v e  m o i l u s c s .  

Addi t ioooi .  reeearc i i  i s  ai:ilL r e q u i r e d  l o c o  
b a s i c  f e e d i n g  . n e c l ~ a n i s r ~ s  which iraue evalvieii :c 
e n a b l e  buspens ion  and d e p a s i t - f e e d i n g  i , : ;vertebrares 
t o  rk3xirflltzci Food i l l t ake  from m t e r i a . 1  t?iar c o n t a i n s  
l a r g e  q u a n t i c h e s  s f  non-nutr i t40trs  m f n e r a l  p a r t i c l e s  
j s r e  reiifiea iii S a l e u d d i n  aiid 'C;ilhiir 1983). Recent  
work ny X3brbor and Mdhlenberg (1981) i n d i c a t e 6  t h a t  
ii s p e c i e s  of s i i spens io i l - feed ing  bf v a l v e s  cnuL1. 
pri-r^em:entinl!y i n g e s t  a l g a e  from a mixriare c o n t a i n -  
in!: i i i o r g a n l c  i n a t e r i a l  %lid r e  j e c r  the inorgan-ic 
i ) a r t i c i e s  a s  p s e u d o f e c e s ,  ?Jewel l aitd .Jordan (1983)  
found t i la? tile o y s i e r  C r a s s o s t r e a  v i r g i n i c a  f e d  on 

. . -- - 
nht -ura l  s e r r o n  could  preferentially ir lgesc o r g a n i c  
p a r t i c l e s ,  e s p r c i  a l l y  iiie more nu-cri t  iotas p a r r r i c l e s  
r i c h  i n  n i p r o g e n .  Piewe31 and J o r d a n  (j983) e x p l a i n e d  
how d i f f e r e n t i a i  s o r t i n g  of p a r t i c l e s  f i r m l y  'bound 
i -. ijiic~ia ( a c e  Fas te r -Smi th  1975) may riceiir 011 t h e  

L a b i a l  p a i p s  by p o s t u i a t i n g  t h a c  mucus v i s c o s i t y  i s  
reduced  by t h e  r n c h a n i c a l  a c r i o r i  of t h e  c i l i a -  This 
e x p l a n a t i o n  s-ciil i:eeds h r t i i a r  e x p e r i r n e i ~ t a f  work 
i .nc lud ing  t h e  ixi ture of t h e  ehemoreceptors  on t h e  
l a b i a :  pal  psi. 



In summary, food availabiiiry is of key 
importance in deti*rnining the growtli , reprodiici ion, 
and recrriitraei~t of bivalve moiluscs. More research 
is required under field conditiom lato the 
importance of nuirition ro all stages in the Life 
cyc1.a. in add ltion, laboratory research is required 
to eiiicidatir t h e  f;mdarne:ital meclianisms that enable 
aoiluscs ro mwixinize food intake when the sestorr 
comprises both non-nutritious inorganic particles 
and or~anic particles of differing nutrl~ional 
quality. 
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RHOADS I understand from your talk that future 
research einphasds will noe 'be on d e t r i  tai 
sources of food For suspension-feede~s, 
but oil phytoplaii.kton and factors 
controlling ics supply. 

NTWELL 1 have a Ph,D, student who rs just 
star"iirig to invest~gate the role of l u r ~ g ~  
and bacteria IC ilhe detritus cycle rand :he 
iinportaece of detritue to the ihtrltion of 
bivalves. 

RIIOADS So you feei rrhatdetr~tus is imporLant? 

NEWELL Yes, I feei that detritris as a food sii;iply 
for suspension feeders may be almost as 
important as phytoplankton. There is a 
large allochthonous input into the Tred 
dvcn. During tire sniaxer t h i s  input may 
not be so important, but during the iaLl 
it is an important food supplemen: to 
suspension feeders. I n  the fail these 
ipfiiilrials are building up glycogen for the 
winter months. Larry Pomcroy has been 
suggesting this idea far a number o f  
years, 

MOFF The wet oxidarion technique docs not gl ve 
an estimate of carbon that 1.3 available 
end can Lw digested by nacrofairina. b;'hesi 
y nil are coinparing Betri tai based ver.3-r~ 
primary producer based systems, have you 
tried size fractionated ATP meneurrincnts? 

WEWELL No, 1 haveilk used ATP assays, 1x1 regard 
2-0 the wec oxidation tecirniqise wi;Lch i s  
sfimply a chemical oxidation of any organic 
material present in the sample, yoti are 
right t h a t  it doesn? estimte w h a t  is 
avai2ab.l~ to the ni~irni~ I w o u l d  stress 
thac in an Ln~fertebrate feeding s t u d y  yoti 
should masure energy- coiltent of the food 
snd feces to determine what passes throsgh 
undigested, There is evidence in ehe 
literature of enzyme induction in t h e  
invertebrate gu; which is seasonally 
dependent on the kinds of foods available+ 
I am currently rneasuriiig carbol~ydrate~ 
protein, and lipid in food and feces.  
Probably lipid is the most important 
component to raeasure. 



Art e n c y s t e d  d i i i o f l a g e ? l a i . .  ,ray he fu13 of 
l i p i d  buc is nor digestible, 

i n  tile oyster i e r d l n g  r a s e  exper l inen ts  i 
d i s c u s s e d ,  tile b!.eoheinic~l i~eii'+ui-e:.i a r e  
idade :XI seb LD:;, i-xes, and pseuil i i feres so; 
by bulirracir b j i n ,  t i l e  amount a i f  red? 
ci?inp,*::c.~-tt a s s  L E : ~  ia~cii caia be de l  ermi nrd , 

do rr- LO iiii lect  Lltc;  f e c e s  s e  suoi: as 
iio;sLb?e # i f t : i ~  pi-:,duct :oil arid Freeze  riles, 
il- I - , # ; i . a t e l x . ,  -~ irle o y s t e r s  p r o c e s s  large 

aaozirif 2 of sec . tan  aird ;irodx:-ii mi? 1 lyrvms 
~ > f  biudilp*>si;s d a i l y ,  so :i d o n ' t  ~1ii.ra.k 
bactrri,<l <.-oiltanincitio:i wiii :- g ~ e  
n ignifirant. 

:tow d i.1 y i l i i  o:i ldi i?  a ceprrser;L;it lve sample 
nf  c o n t a i n i n g  ses t i in  b A ~ L c l ?  !.he 
oys"ilr : i rncesscs t~ c b r a i n  Food? 

i i ~ c e ?  a \!li;ri c a p a c i t y  purap w i t t ,  t h e  inlet 
1ti;he f i x e d  at. 0-3 s abwe LZle sodrirnei-it- 
b-cii.i.i- i i i e e c f a c a ,  br i t  'i d o n ' t  isnod whether 
t i .  tir;?ws rne::srial f ruin r:ie r e s u s p e ~ i s i n ; i  
zanc  t i ra t  The c y v t e r s  as.:? r ~ t i l . l z i n g .  

ii your L o l e t  t u b e  is u l t h i c  a w e l l  
cirvcil.~peii rrilrboleii; Layer ,  t h e  samp1.o 
.ho:ild I.>,: rc7resent;liriVP of l:ii S E ?  w a t e r  
7 i l t e r c t j  br tlrc. o y s t c r b ,  H s w i r r i c r ,  -:I-,lc 

. . . ~ .  * v L l  i a l s o  depend on t h o  phys 1 c a i  
reai~.;;i;~nrzion of sed iment  p e r ' i c l e i  beii;g 
: .<~~:s taar  ln:er a s ign i f< . c i a . i~~  pa.th letqgth 
b e f s r r  1e:iching LLie oysriir, 

39 yo,: : i : l i~k t h a t  t i la  a b s o r p t ? o n  05 as t r io  
, a <  12s d i r ~ . ~ c t l v  C s i i i n  s e a  w a t e r  i s  

r rtapi:l:l;ii i y  s l & n l  f l ca i i t  for s a s p e o s i  an-. 
f e e d e r s ?  

Oorin; d Z!or;alia;, iias si~owi: Lo my 
z ; ; ~ c i s i t . c t i o ?  t h a t  both adiil:: and l a r v a l  
o s ; i a i v e s  can  do tl1Ls, huir 1 do izni -believe 
;!:a!. i L  is a c  i .~nportai i t  si?i:rre f o r  tine 
;,Jcd r;. i.;iiy isou1.d b i v a l v e s  i~aoe such  w e l l  
d.ii.jnlopi--d Ceeii"ii:g a d a p t ~ " t i i l i n i  as:oli 3s 
g i l l  .;, s o r t i n g  , s u r f a c e s  niid t:1:c enzyme- 
t,roi?ilciag i- . rystai . l i i re  s t y i e  Lf they r e i i i d  
p i i m a r i i y  on d i s s o l v e d  amlno a c i d s ?  
FIonaiian ha4 s h w n  that bfirialves have ;a 

I?lg+ier a f f i n i t y  For eioi.nn a c i d s  tiinn 
b;jcter:a such as I",, c o l i  b u t  co l  i forms are -- 
; t d a ; ; ; e I  For v e r y  high subs"irati coniron- 
,- .+ ' . . , .aLions of a a i n o  ac ids  and ti?.; best 

compar i son ,  which ha:: n o t  y e t  been dune,  
would ho l>a tueen  b i v a l v e s  a i d  f ree- i ia i i r ig ,  
ziirine b a c t e r i a .  

XOPF Did you i n v r s  k 4ga;e scoso i ia i  t.iming of 
pi:ytiop:.ai~kton blarin: peaks I n  r e l a t i o n  to 
tlzc !ri.zoing o f  bl.r;Lve r rpror lue t  .:on" 

In ernbayiicrrts a u r h  as Che:;api;nke Bay ,  the 
,s~ri:~g dl:arom bi,iorfi o c c u r s  at. eny el;ne 
be~we6-n 0ecl.nbi;r and ;ebrc;arv asid would 
c??rroa;jo;~d w i t h  e a r l y  hi  v a l v e  r e ; i r ~ ~ ~ ~ i e c l n i i  
h e r e :  whereas oir exposed Atiorii.ls: sitore:, 
r a l : r o d u e ~ f o o  ray be cor; trr ; i ied by  lie 
prediiiilini3nt Call d i a r o z  peak.  

l<".l.JEI,I, Yes? t h a t  it; e x a c t l y  t h e  p o i n t  Z was 
e r y l n g  ro ;rake. Yea " r?ave t o  c o n s i d e r  
1r)cal d i f f e r e t i c e s  111 food e r a i i . a b i  :; iy 
that w l L 1  d o r o i ~ ~ a t e  airy larit::dinaI effect 
c l s l m e 4  by chi- piij-siolci;i s i s .  3 j a k e  ' 3  

work In F l < ~ r C d a  uc s c a l l o p s  shows Local  
diflererice.; i n  t1mln.g of  rc:prad;ri 1.-n 

wi i i ch  cen  he li rrkcd t o  d i  f f e r e z e e e  i n  the 
f ood  web. 

GiIib?iT Can g i y c o g e r ~  o*>~~te i i i :  be used aa a n  i n d e x  
O F  b i v a l v e  Feedj ng c o n d i t i o n s ?  

X d d E L i  Yi?s, h i e  t h e r e  are dist-ince d i f f e r e n c e s  
herween s p e c i e s  i?. mrrrient s t l i rogn  
p a t t e r n s ;  irewparal dLffere : ices  i n  s c o r a g r  , 
for example,  which deyeiid csn reprcd;sot ivc: 
c iming .  :f you have ; ~ r i o r  k n o + ~ l e d g e  a j f  
r e p r o d u c e ~ v e  cyclci-; your s u g g e s t i o n  might 
he p o s s i b l e .  FJvc.3: :tore l rai l  e s ~ ~ i i s a g e  
p r o b l e m  because  some pop.rJ.nf. inns, have two 
p e a k s  of s;>awniirg !i- food a v a i ? i a b i l i i - y  i s  
iilgIi enough. Sticli anbm.ils won%d wer- 
winter with law g lycogs? .  r e s e r v e s ,  Whereas 
s i n g l e  spawners from p o o r e r  eitvir%>rirnents 
~ e u l d  o v i t r v i n r e r  with s iii gtiei: gl.ycogen 
r e s e r v e ,  





Many n o n - q u a n i ~ t i v e  f i e l d  o b s e r v d t  l ~ n s  s u g g e s e  
t h a t  suspension-lccd~ng a n i m a l  grovzti? 1.: a f u n c t i o n  
o f  t i d a l  c u r r e n t  v e l o c i ' l y .  E x g e r i m e n t ; . ~  aLtempte t o  
t e s i  L h i s  hypot t res Is  r-t t i le  l a b o r a t o r y  a r e  n e v e r t h e -  
l e s s  r a r e  kzrby-Smi tn  (i912) a t t e n p c e d  a  g r o ~ t h  
e x p e r i m e n t  of t h i s  k ind  w i t h  t h e  bay s c a l l o p ,  
Argopec ten  ~ r r a d i a n s ,  I n  a  m u l t i p l e  t u b e  rZpp3l"atlib, - - -- 
"cut i t  a s  b e l i e v e d  t h a t  I t  arc! n u t  . s imula te  ' w n t h i c  
bouqdary l a y e r  c o n d i t i o n s  and had a   omp pi ex f l s v  
p a t t e r n  iioL r e p r e s e n t e d  by c i ~ e  bulk. flow 
measuremerits made d u r i n g  t h e  experiislencs. 

Because  of LIiese d i f f ~ c u d t r e s  wi t1  t h e  Kirby- 
S m i t l l  g rod t l i  t u b e s ,  a  # a t t e m p t  ads  rriddn t o  des ig- i  3 

-eew a p p a r a t u s  s ~ i a L z b i r  f o r  wasur:ng growrii of 
s u s p e n s  i o n - f e s d t n g  a n i m a l s  sucli a s  h z v a l v e  m o l l u s c s .  
The d e s ~ g r i  *-r i t e r l a  ~ o n s i d e r r d  were: 

- t h e  i:ydrodyiiaaic c h a r a c t e r i s t i c s  w i t h i n  t h e  
a p p a r a t u s  s h o u l d  r e o e a b i e  the b e n t h i c  
bouiidary l a y e r  a s  ouch a s  is p r a c t i c n b i e ,  

- t h e  e x p e r i m e a r a l  a n i m a l s  s h o u l d  be s u p p l i e d  
w i t h  a common s o u r c e  of w a t e r .  

-- elie o n l y  e x p e r i m e n t a l  p a r a m e t e r  t h a t  1s 
r e q u ~ r r d  t, be v a r i e d  r s  t n e  bu lk  t i d a l  
v e l o c i t y  oVvc- a rcicigo of 3 t o  25 em/sec.  

- l i m i t a t r o n s  311 s i ~ e  ( w i d t h )  a r e  imposed by 
t h e  w a t e r  r,umplcg r e q u i r e m e n t s  of l a r g e  
f a c l i i t i e s .  

The f i n a l  d e s i g n  chosen  c o n s i s t e d  of a  f lume of 
5-w l e n g t h ,  d i v i d e d  i e a g t h w i s e  i n t o  f o u r  30-cm wide 
c h a n n e l s  and f e d  from a  common headbox.  A pump of 
2-5-HP c a p a c i t y  s u p p l i e d  n n L u r a l  s e a  w a t e r  t o  t h e  
l i ead tank  at  r a t e s  a u f E i c i e n :  t o  induce  a  f l o w  of 25 
c n i s e c  w i t h  t w o  c l ~ o n i l e l s  blocked o f t .  The a p p a r a t u s  
a l l o w s  c o m p a r a t i v e  e x p e r i m e n * ~  a t  f o u r  c u r r e n t  
s p e e d s .  D i r e c t  compar i sons  between two c o n s e c u t i v e  
r3rr.s o f i r i i e  experimeii t  a r e  no t  p o s s i b l e  becauae  of 
d i f f e r e n c e s  i n  quail" ,  and q u a n t i t y  of s e s t o n  
s6,pplied t o  t h e  catnmoii beadbox of t h e  a p p a r a t u s ,  
Because q u a l i t y  of s e s t o n  m3y be dependent  on 
s p e c i e s  c o m p o s i t i o n ,  a  g e n e r a l  measure of s e s t o i l  
ararii a s  A T h o n r i t c n t  or p l a n t  pigment c u r l c e n t r a t i o n  
i s  n o t  p o s s i h . i e .  

Soae I ~ . o i c a + i o r i s  of t h e  rcu l t r -channel  f lume i n  
i . i u u l a c i , ~ g  t h e  n a t u r a l  b e n t h i c  Piourtdary a r e :  

- the f i u n e  boundary l a y e r  t a k e s  w s i g n i f i c a n t  
Length of t h e  flume t o  d e v e l o p  whereas  
n a t u r a l  boundary l a y e r s  a r e  w e l l  deve loped ,  
s o  pri~at v e r t i c a l  mixing p r o c e s s e s  a r e  r e r e  
l i m i t e d  i n  tile flume t h a n  i n  t h e  b e n t h i c  
boundary l a y e r .  

- significant w a l l  e f f e c t s  due t o  c h a n n e l  w a i l s  
are a b s a n r  in  t h e  s e a *  
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Nciv"EtL What e x a c r l y  3s a  hydrogen bubble probe?  
Kavcl you t h o u g h t  of u s i n g  a t h e r m i s t o r  f u r  
measur ing  f low? 

EXJSTP<Bil.:SOB No, L h a v e n ' t  used a t n e r a l s t o r ,  bu t  ~t 
is worth c r y i n g .  The hydrogec  bubble a e -  
v l c e  i s  a p l a t i n u m  e l e c t r o d e  on a  s u p p o r t .  
I t  is connec ted  to  a D.G. s o u r c e  t o  make a  
c i r c u i t .  The method 1 ~ ~ e d  was t o  t u n e  
:"a p u l s e  f r e q u e n c y  of ti,e bubble  s h e e t  -so 
t h a t  i t s  t r a i l i - i g  edge jiisr reached  a  
second  w i r e  4 cm downstream a s  t h e  next  
o u l s e  was i n i t i a t e d .  Knowing r h e  p u l s e  
~ l i t e r v a i  and d i s t a n c e  between tlre w i r e s  
t n e  hydrogen bbbble  and t h e r e f o r e  c u r r e n t  
speed  c o u l d  r e a d r l y  be c a l c u l a t e d .  The 
d e v i c e  c a n  be mrm;iii~d un atld d m i i  OII i t s  
s o p p o r t  s o  t h a t  t h e  crirrei i t  w i t h i n  : cm of 
t n r  sedbme-tt-water i n t e r f a c e  c o u l d  be 
measured.  

CI13.GTSN The p l a t i n u m  w i r e  must be very  t h i n  t o  
o b t a i n  small hydrogen bubbles  which do n o t  
f l o a t -  A c o n s e q u e n t  o p e r a t i o n a l  problem 
was f r e q u e n t  plat inurn w i r e  b r e a k a g e .  

KKiS TM.ANSUM The d i f f  i c u i t y  l i e s  fundamerr ta l ly  i n  
t h e  low e l e e t r i c a i  r e s i s t a n c e  of s e a  
w a t e r .  The t e c h n i q u e  was d e s i g n e d  f o r  
f r e s h  w a t e r  which h a s  a  h igh  e l e c t r i c a l  
r e s i s t a n c e .  

NEUELL Could you perhaps  c a l i b r a t e  t h e  f l u n e  w i t h  
f r e a h  w a t e r  and t h u s  gec around the 
s e a w a t e r  problem? 

KKLSTMAPdSON Yes, t h a t  i s  whai we d i d  w i t h  t h e  Hark 
1 f lume wbich 1 had i n  my l a b  i n  
P r e d e r i c c o n ,  The Hark 11 f lume h a s  o n l j  
been  I n  use s i n c e  O c t o b e r  I983  and i s  
p r o b a b l y  t a n  l a r g e  r o  t r a n s p o r t  t o  
P r e d e r i c t o a .  

WZ'2DXSN h o r i t e r  w e h o d  poLent ia lLy  u s e f u l  i n  
measur ing  f i o w  r a t e s  l o  t h e  flume 1s trie 
otie s u g g e s t e d  by Drew Carey (Can. 3 .  

F i s h  Aquae, S c i .  40 SuppE* 1: 301) un ich  
1; based on t l n e - i a p s c  uh3:ography of 
smaI.1, b o i l e d ,  egg-white p a r t i c l e s  
dnr roduced  to ehe f n l e c  s e a  Mater .  

1;ibWELi Flare you t r r e d  m l n g  dye  LO visrral.aae tire 
f l o w  p a t t e r n s ?  

KKLSfY-4NSON Yes, i n  t h e  Hark 1 P i l l m e  i i l i s  was done 
i r r  F r e d e r i c t o n .  I n  t u r b u l e n t  f l o w  e'ie dye 
i~ i l l  d e l i m i t  t h e  deve lopeng  hour-dary l a y e r  
o r  d x i i l g  zone .  I n  t h e  h m ~ n a r  r e g i o n s  
above  t h i s  tiie dye s:ious up a s  n i c e  
s t r a i g h t  l ~ n e s .  Me still have f u r t h e r  
f l o w  measurements t o  m a ~ e  i n  o r d e r  t o  
c a l ~ b r a t e  t h e  Mark I1 model. 

PFIIIADS Does t h e  p r e s e n c e  of a n l m l s  i n  t h e  f lume 
change  t h e  f l o w  p a t t e r n s ?  

KRISTUNSON Yes,  a n i m a l s  t iiange t h e  roughness  and 
hence  t h e  f low That  is wiaj i t  is 
i m p o r t a n t  Lo make t h e  f low msasuremiints  
w ~ t h  ~ h e  a n i m a l s  i n  s i t u s  
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Tilo pitrl:oi,c '3: iiies:: experiirieiiLa u;? to test 
the liypo"tiir.;;.; ti:;it i.iclal il8jrre:?i.s ; - . r lL  r- the 
grow:!! o f  siispe~~sion-fcr,dirig ;i;tmals. A cejiresenta- 
: iuc act! ci? s;~ic;i:~~nsl~;ri :et:der3 ti>:' h l  .I.' !nrissei, 
X.ytilus edi~iii, it), elid I-:?presi;i~i;? i-ii: p,>"siive 
-. - ......... 

saspi?usioi: ici"der3 the +ea s-.;~iinp, iilacopec: el; 
... .. 

n~agellanicus ji;w?cn 17911, were chosen i~m- ~11:s - . . -- -- - --- - - - 
[>crp<)?;i" * 

' T w o  tyl;?::" i:i .ii>p.~-.ii r i i ;  w,,r: .  i i : :~ id~  t . i i f t  ~ ; i ~ o w L l :  

tubes <if Kt rby-Smit !a (!Y?L) arid ??it: newt;# desigrrcd 
i.;ui t i  p : ~ - ~ l ~ ~ ~ n i : i  f lam.- ~ p p n r ~ ~ i i ~ a  oi Kr is tia:r*n?$cn arid 
1 , "  ; : 9 iirslicin:iry obaerv,itiorcs ueri: also 

:n;ii:e o f  i::;tl. i o p  beirav l,:r ii? tlie i-ci:ir iple-ciiaiine l 
f 1uoie. 

Two expe"iirne:i!.r xiti) hi i i i  rai~ssel.; were 
i~ompiarcd in the ,~rowth tube apparzius. In 
exye; - iceat  i ,  the efccci of eighi difiercnt curcent 
npeitis h tire mnge 0-! tc, 3.9 -CI~/SEC was tested at 
:; i:o,;.r rle:,s;"ity o i  304 i?iisse?b/ i,-2 (iousseis were 
si.'ieci.i:c? so tha; iii,.~~i w i * ?  weig'i-t/mussel. - 2-80 g in 
rsai:b -ube). "iestilti siia;reiT Ciicii jet we igh t  groutir 
wa:; ,3 Logiriit~mic <irnccii:n <if csirz-tnt speed over tlie 
.-ange tenied, 1.: r-xpcri!~oai"_~ tile eifccr of 
iiei;s!ty j"JI, 2 7 '  ,, L 5 5 ,  and 909 ui;sse1s/ia2, with 
a aearr .diet weis-!. of . . i g  ,- pe r  :ii:rse? li? each rube) 
a: a s:uw j c j ,  1 c,#i;'sec) aid fast j ! . h J )  cmisei)) 
currsn: a2ecd gas ::~sied. Res.'lte i.iid.li)atilb no 
effect i i f  6::r;:;it.y a: the faster clrreilt speed but a 
signific:-ini effect 01- grawtil a: Tile s1o"d current 
?;peed viiich %as ;>ropori.icinsrely greater at higher 
dens; e i6.n. T;~~>sc- rr's:iIt? are consistent witl; 
k~~~cs~n~t~;~teo i-ifecis i rT  .-cs:.oil deplc!-:on iii a fluae 
i. u r b ~ i e ~ : ~  I):iiifid;33-.,7 1 :iyer above a bl i ip  mussel bed 
.... .iwr..iri-isi: ;i:ri; Krisirnansr?rr 1984)- 

!i: chi. gr i iz i i !  tiihc? (experiaent 1) shell-.Lengtl: 
i -iiremri?i of ;cni lops ras low ;;ad we--biomass 
i~icremeiti , - i , : i :  t i  tiiodgi; neitihor measisre was z~ffected 
:,:: cgr?.er;t, .;:-::* d.; ;I? tho range 9. 1 to 3 . 9 -  <.in: ' sec . 
nr the densit; of scailt,ps rsed (9i/m2) and at the 
s i u u e s r  : ~ ~ r r i i r ~ r  speed, tiierc is evidence ihac shell 
gr.;.wr..s was ;~.edt:iir iii ille ii~lez. and of tiie tube, 
l n d C i a r l . i ~ g  :;igr?ii;cai~i seeton d-plation. At a I.ower 
s c a ~ -  , - i o p  d e r i i i i y  (?6/m2> < n  exporimeii?r 2, siieli 
grow?.?: w a G i  c ; E m i i - i ~ -  over ;i current resigs of 1-9-13.1 
r in/sac :and tllcri. w a s  l io evidence of ses~o3i dopletioi~ 

~ *. 
.&- the s ) t i ~  I L L  I iioweve~-* wet -weight gr:;td"iii was 
invcrse?y ?roporr.ioeai to currtnt s;>eed, and illis 
ciiuseii o sig:~iFlcartt cieop In condl t i o n  factor in 
ca 1 lops er,i:s:d ~3 faster currenbs. Possibic 

i.xplnnation:; lor tilii; could he that at Irigiter 
ingested r;icio;ls in i1i.gi3i.r curretat speeds food is 
r a p l d i y  pessed tlirougil tile gut, resulting Ln a drop 
in nssii;ii:~~iun efiicteiicy (see Grifficl~s and King 
Li337?%jj> or t i := ingested ra t ion  i?.reli' is reduced by 
closrir-e or' the verveil (Foster--5mi ti1 1975). 

A very higl! currriib speed of 34,5 ci~a/'sec 
(cxperi~sent 3) i i l i i i b i t e d  s h c l l  g r i s ~ r l ~  and resulted 
in negative biomass grcwtll and Loss of coadliioo, 

Fleld :>hie r v a t  iu i jh  ot Lire hiir-c;peu:l s c r i l i f i p ,  
Pccten maxioi~>s, ?jy Givers (3a;t:iol l 1907 j i n d i c n e r  .... 
si ..' 
L B I C ~ C  tne mjority or Lhe Lnd LvidaaLs :I: e recessca j 11 
r - )  L Z I ~  sediaeni arid inovc iafrfei luer-r; j  wiicreas Lhnse 

. . 
i i t t i i l g  ")11 C L ~ V  f l r i d l i n l i : i ?  ~ / i i f ; i . i . i .  I Y ~ V C I  rili:ct~ sore 
E r c q b e n t i y .  S e i i  seal i.i?ps i n  rllr r n 8 i : t  Iple-c1iairrrt:i 
i iiime Ln expr:ri:ai.iri 1 arc- ri(c,i vslc:i& Lo tl;c l i it eer 
gr-iit:p as tiiey were iiiiebie to settie ifiio the woodci~ 
sirhstrate. In nxji--ri,ni.;~i 2 ,  t n i  tiation of active 
iDo\isment was rni iai.:i:ed by Cidai velocity being 30 
ffirisvements a: ! ."Lcn!sec anti 53 nrove:nr:iii.r at l f i -  1. 
cln/sljc for tlii: 24 lijdjviiiuil-. d u r i : ~  ~I ;E:  j:j--d period 
o f  chis expcrLini-nt. '4ove:ac:L appears to bc random 
ci tiler up- or dou:iitrcam with R iiiglit iaf iuence of 
p d s s i v e  carryinz on iitstrior?t:Lsr: ai:e< swirming 
7io.miriencs. AC 24.5 cm/sec i n  cx;>erL:nriii 3, t i le  

ec.% l i i i p s  are  pdissi vely car riil-il downs trearir b y  irke 
ciirrenc a d  block t11~ uutf ioc; scree;:, The jpcefucred 
srttZliig posi~ion ci scallops is in a xide upstream 
arc at a?.: current speeds coaled. l h i s  behavior 
eiisures that individual:; arc- LI I.lic . h $ r  posit~on to 
undertake pas s ive  f;r iteriill_;. 

- Blue mussei p r ~ i w t . i ~  is a funciioe of t i d a l  
velocity as wfil as the concentration and 
quality of food particles, Experiments at 
higher curreiat speeds end in a sLmi i ia ted  
benthic tw~indary Layer are needed i n  order to 
dcterml ne tire 1 i.mlticg tidal veLosi.:ies and 
to Invesclgate Lie nature 0 3  t-he physic- 
logical / 'bciiovinriil nifichanism irirrcla~ed, 

- Experimer,is with sei3 scaliops provide 
equivocal evidence because of probless with 
1.ack of sabstratr~im i-n the apparatus and/or 
. . cno~-ce of inapprsprlate tidal velocities, 

- Because the Kirby -Smit!i grow"] i-ubes did not 
simulate boundo!-y layer coi~dilions, they are 
R L ? ~  '1(311~Ldered s:~it(ibj.ii for ~~eesuri ng tida L 
veioci!.y ef iecrr on grewtti of su,spensiaia- 
feeding anir~~ls. 

- The conlbio~tioon of tile =ray iila~iiels fed from 
e com~on source idan of  K i r b y - - S m i ~ i i  IT. 
conjunct ioi? w i  eZi open clianrie Ls of ridequa?.e 
geometry ci~ahles efr;uia;iioii of relati-~cbly 
narnrai cniidi t ions and r:gornns testing of 
v a r y i n g  tldal veis~-ilirs up to --- 25 caitiec, 

. '. - Initidtion of ruoveai3::C i n  "'io;i-recessc,~ sea 
scallops is a funrt Lo-1 of tidti volccity and 
res Lina scal Lops are cli;~rac~ristit:all)~ 
oriented wick respec; to current direciion. 
The random ;nouemerit:i npl:ear ta be part of an 
lnirgrateb behavioral response edapr.ively 
cni~ee-rrred w i t h  findiiig opt iruurn grovirig 
condit ii~ri~ 

- A reciirreilt probleni in this kind of work is 
tire mnsure~nent of rrhe Food iluabity of eostvu 
for suspensioii-feeding ranimais. 



.- It  is a l s o  t i le  L a t t e r  probiem which p r e v e n t s  
t i le  use  of tile t u r b u l e n t  bo i r idscy  l a y e r  rmdel 
t o  be used iis ,s r e d i c t r i r  of sr?spensLon- 
f e e d i n g  an imai  d e n s i t y  o r  proriuct  io81. 
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on  tilo a s s b n i  l a t i o n  of a l g a e  by t l i rec  b i v a l v e s .  
.i. Mar. B i o l .  ,"iss. 55:  411-428 .  

G ~ i f f i t h s ,  i,. L., and . I .  21. King. i 9 i Y .  Some 
r e l a i  i o n s h i p s  *between s i z e ,  food a v a i l a b i l i t y  
and energy b a l a n c e  i n  t h e  r i b b e d  inussei ,  
AuLacomya a t e r .  Mar, B i o l ,  5L: 141-149 .  - - .-- -- 

t o l l  R G .  1967. An Invi?st : igat  ion of t h e  
movement of ilie s c a l l o p ,  i i e l g o l a n d e r  w i s s  
F i e e r t s r a i ~ t a r s ~  i.5: 523-533-  
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4 !npor taz~ce  t o  s u s p e n s l o i ~ - f  ceding 
ar i imals  of i;i:e b i i i i i l i i ~  boundary l a y e r ,  
(<3\ibllif rLei)- 

:,IUSCHENHL<III You c , i lPed P l a c o p e c i e n  s p a s s i v e  - -- .. . - . . .. . 
~ ; r i s p e n s i i i ~ .  i c i d e r ,  yet tiley d o  prodi;cc 
i:tirrriiti by c i l i a r y  a c t i o n  cici tile g i i1 . s .  
*ierlcc i:iey a r e  not  s o l e l y  r e l y i n g  on  t i d a l  
( -1~r r~3i l i -  energy .  

V - T .  r a ; ~ D L S i i  Yes, b u t  L ~ l i i n k  passage  of s e s t o n  to  s e a  
s c a i i o p s  is dcpendeii i  oil t i d a l .  c e r c e ~ t  
i?iiergy a s  w e l l  a s  on t h e  c u r r e n i  c r e a ~ e d  
i?y t h e  c i l i a r y  a c t i o n  on t h e  g i l l s  of riic 
s e a  s c a l l o p .  

NEWELI, So a r e  yoii s a y i n g  t h a t  thcr i i  is no 
require:ae: l t  For c i b i a r y  ae i ion  i n  ci:e s e a  
s c a l l o p s ?  T h a t  t i d a l  c u r r a i i i s  could 
s u p p l y  all tile r e q u i r e d  e n e r g y  f o r  
E i i t e r i n g ,  and i n  a s t a r i c  s y s i e m  t i t a t  i t  
couldn  t f e e d ?  

WILISIS3 No, c i l i a r y  a c t i o r .  is needed by s c a i i o p s  
p a r t i c u l a r l y  i f  t h e y  must s o r t  t h e  
j j a r t i c l e s  b e f o r e  i n g e s t i o r r ,  a s  yriu 
s u g g e s t e d  f o r  o t h e r  l a m e l l i b r a n c h s .  I 
b e l i e v e  t h a t  in a  s t a t i c  sysLem s c a l l o p s  
would feed  but  not  a s  w e l l  as t h o s e  
exposed Lo t i d a l  c u r r e n t s ,  b u t  t h i s  
r e q u i r e s  an e x p e r i m e n t a l  t e s t .  

So tiin s c a l l o p  f e e d i n g  p r o c e s s  is b ~ t i i  an 
a c t i v e  and p a s s i v e  p r o c e s s  from t h e  p o i o r  
u t  view of tile a n i m i ?  

Yes, 1 seem ti> have used a  misicadi .ng 
c a t e g o r i z a t i o n  for i he  t r o p h i c  d i f l - e r e n e e e  
between musse ls  and s e a  s c a i l o p s *  i*iy aim 
was to  b r i n g  nut  t h e  e s s e n t i a l  d i f f e r e n c e s  
between them. ktussei  f e e d i n g  c u r r e n t s  
p roduce  a  s i g n i f i c a n t  d r ag  oil c u r r e n t s  :and 
t h e y  can  pi! in s e s t o i i  Eroin a few c e n t i -  
m e t e r s  away, a l t h o u g h  w i t h i n  t h e  t u r b u l e n t  
boundary l a y e r ,  Musse ls  a r e  de i i sc ly  packed 
1x1 s u i t a b i e  p l a c e s  and L i i c i  r a n n u a l  
p o p u i a t l o a  producr ior i  p e r  u n i t  a r e a  is a 

F u n c t i o n  of t i d a l  c u r r e n t  s p e e d .  T h i s  
c o t i t r e s t s  w i t h  s c a l l o p s  i?; whicil t h e  
d i s t r i b u t i o n  is s p a r s e ,  p roduct  Fen does 
n o t  a p p e a r  io be a  f u n c t i o n  of c u r r e n t  
s p e e d ,  and tiley cannot  piull i n  s a s t o i l  
p a s s i n g  n e a r  Liiem. 

I r i u e s t i o n  t h e  wliole i d e a  of a s s  
t r a n s p o r t  l i r i i t a i  i o n  arid d e p l e t i a n  for  
s p e c i e s  suc!r iis o y s t e r s  and m u s s c i s .  
Where is the e v i d e n c e  f o r  d e p l e t i o n ' ?  

Mildish and KrLscrc;iiison have j u s t  
coinpleted e x p e r i m e n t s  d t i r  b l u e  and h o r s e  
mlvssels wliich d e m o i ~ s t r a t e  t h a t  d e p l e t i o n  
c a e  o c c u r .  t i i i rce i  FrGcl ie t te  was i ; l anning  
t o  t a l k  about  i n t e r t i d a l  b l u e  m u s s e l s  ( s e e  
p. 1 4 ) -  lie a l s o  observed  dc?plet:oa above 
a  n a t u r a l  inussel bed a t  c e r t a i n  s t a g e s  of 
t h e  t i d e .  

I t  1.5 r i e a r  from t h e  very i n t e i i s ~ v c  musre l  
~ d i t  kt: l ture d t  Ria8  de G a l r c b a ,  \ - ' ra ,  
S p a i n  t h a t  growtia is a lways  g r e a t e s t  07 

t h e  tip-curreilt s ~ d e  O F  t h e  r a f t s ,  

111 t h i s  work t h e  d e n s i t i ~ s  n i  n iusse l s  were 
v e r y  h i g h .  

i n  o:;. experirnerrrs t o o ,  m ~ s s e L  de:liii tie? 
were  h i g h ,  of  rite o r d e r  iif L O ~ C ~ - ~ U O G / ~ ~ .  
Al though f i e l d  d e n e i t i e s ,  p a r t i c u l a r l y  of 
young $oi:sseis, c o u l d  Ire much i~ ig l i ec  ~ l l a r i  
t h i s  j-- 10,000 rnueseis/rn2). 

Mussels  seem Lo be very poor ly  a d o p t e d ,  a s  
f a r  as food c o m p e t i t i o n  goes .  a n c a u s e  
t h e y  c a n  o n l y  s e t t l e  a t  metai;iorp?iosis or! 
t h e  byssiis t i i reads  of t>P-her mtrsscls ,  tikey 
p r a c t i c e  g r e g a r i o u s  s e t t r e m e n t .  T h i s  
produces  very d e n s e  'wds, whfeii seems t o  
be count-er-adapt  i u e .  

To t h e  c o n t r a r y ,  l b e l i e v e  t h a t  t h e  
t r o p h i s  s t r a t e g y  of mussa le  is t o  i n c r e a s e  
t h e  t u r b u l e n t  s u p p l y  of s e s t o n  t o  t h e  bed 
by i n c r e a s i n g  bed roiigilness- C u r r e n t  
s p e c d  a l s o  e f f e c t s  t u r b i r l c n t  $+upply of 
s e s t o n  and raiiiiy aut l in rs  have i n d i c a t e d  a  
c o r r e s p o n d e n c e  between c u i l d i t i o n  i a c t o r  
elid t i d a l  c u r r e n t  speed .  

Do yon t h i n k  t h a t  t h e  iiydrodynamic 
a d v a r ~ t a g e  of a  dense  nus!;el bed outweLg21s 
t h e  d i s a d v a n t a g e  of d e p l e t i o n  arid what i s  
t i le  e x t e n t  of t h e  ndvaritage i n  terms of 
eniranced c a p t u r e  of pare i c l e s ?  



MPIOADS i n  a  timesis by . leni i i . fer  S z i i i h  a t  tile 
U n i v e r s i t y  of G e o r g i a ,  c a p t u r e  c f f i c l e n c y  
I n c r e a s e d  as t h e  d e n s i t y  of ~niasse l s  
i n c r e a s e d .  IJsing f i b r e g l a s s  <eodt~ i  musse ls  
of  t i l e  same s i z e  and r o u g i ~ n e s s  a s  t h e  l i v e  
o n e s ,  she  was ai lre  t o  w a s i d r e  t h e  s e s t o n  
s u p p l y  c o e f f i c i e n t s ,  

WLLCLCIl 25 yoii Lacrease t h e  roughness  you sl iuuld 
i n c r e a s e  t h e  food s u p p l y  a v a i l a b l e  t o  
s u s p e z ~ h a - f e e d e r s - .  T h i s  a p p e a r s  t o  'be 
i m p o r t a n t  Lo m i s s e l s ;  i t s  a p p l i c a t i o n  t o  
s e a  sc; i l l .cps is a n o t h e r  m a t t e r ,  

KRZST?IkNSON Two int.iirsc:ing f a c t o r s  a r e  Lnvoived i n  
a n s w e r i n g  .Jan Grant"  q u e s t i o n .  One is  
t h e  t u r h u l e r t r  m i x i i ~ g  broilgiit about  by 
v c ~ i n * c i t y  and rcrugl~ncs.; of t h e  sea trottom. 
The second Ls t h e  r e r a t  Lon6hip bi i tveea 
s e s t o n  r e ; i c ~ r r t r e i i o n  a t  wi-iich the 
popi l la t  i o n  ciin j u s t  imi~itaS.n i t . se i : ,  atid 
t?ie  &:lk s e s t e n  c o i l c e n t r a t i o i ~ ,  I f  t h e  
l a t t e r  is ;OOO t imes  the Former t h e r e  i s  
no rass "iarrsfer  l i m i t a t i n n ,  hi l t  i f  t14e 
dLEfcrencii is s m a l l  ",here iwy be m a s  
t r a n s f e r  L i m i t a t i o n  and t h e  r a t e  of s u p p l y  
of  s e s i ~ i i  c:iii be i n c r e a s e d  by i~ lc reas - i i ig  
ve1.ocir.y or ruugllness.  

",OFF The d i r e c t i o n  of t h e  r e q u i r e d  charagei 
a o p e a r s  t o  a l l  wrong, Sea s c a l l o p s  
'.t.ght to be g r e g a t L o e s  and a c t i v e  pumpers. 

KR?STY;\NSO& iiecalrse s c a i i o p s  never  form d e n s e  beds ,  
:h i s  s p e c i e s  is tiot u t i l i z i n g  roughness  a s  
.a way 9f  iricrt.;:sing ses to i r  s u p p l y ,  

~ 3 ~ i ;  Decni~se rx~ussels  can draw sei ; ton f r m  some 
c i i scance  above t h e  sed imer l~-waxer  
i n r e r l a c r ,  ther i?  is an a d v a n t a g e  t o  k i n g  
:.;rtiga.r-Lous wherthas .;ca;!.ops which cannot  
~ u q p  i n  t h i s  way f a c e  a  lower  food 
?5icggLy. 

ilFZiS1Sii 1 r i i s p i ~ c e  your  f i r s t  p o i n t :  t h e  i i u s s e l  
popu3at:cn c r e a t e s  s rough bottom t o  
. i - t ,crerise irhe d e p r i ~  of t h e  bvtiniiary l a y e r ;  
ruri>uliir!i mixing w i t h i n  t h i s  l a y e r  a i i o w s  
ii a l l  t o  bc u t i i i z r d .  The s c a l l o p  d o e s  
riot a p p e a r  t o  use tile same s t r a t e g y :  i t  

r e c e s s e s  i n t o  t i le sed imci i t ,  t i lus  r e d u c i n g  
i n .  I t  must use  a d l f f e r e r ~ t ,  b u t  
i t  p r e s e n t  unknown s t r a t e g y .  

S'I'UAKT l u  t h e  case of inusseis  i sn ' t  p r e d a t i o n  
i m p o r t a n t ?  

i The ; i i m  f ,ny work was Lo e-al.ual-<? : teal  
c.irrreiii. speed  as ijnc f a c t o r  c o i ~ t r o i L i r i g  
grok;tXr and product  i o n  of -aussei.s, btir 
t h e r e  a r e  c e r t a i n l y  a number of f a c t o r s  
i n v o l v e d  ( s e e  WiLdish 1 9 7 7 ,  Helg,  w i s s .  
N e e r c s u n t e r s .  30: 445) .  

V0LCKAER.T I s  t h e r e  any f i e l d  e v i d e n c e  of a  
r e l a f  i o n s h l p  b e t v e e n  c u r r e n t  spend and 
suspens ion- feed  ing ; a n i m l  d e n s i t y ?  

WitDZSii Yea, f o r  exainpl:: Cooper and Marslrai l  
(1963 1. Chesapeake S c i  . 4 :  126, sl lo~ied 
t h a t  i n  t i l r i  bay s c a l l o p  d e n s i t y  was higirer  
w?>a?re c:rrri?iits were 1llgiic.r. Tile i i~cre ; r sed  
d e n s i t y  w a s  c o r r e - l a i e d  w i t h  a l o v e r  con- 
d i t i o n  f a c t o r ,  s u g g e s t i n g  the  p o s s i b i l i t y  
of food l i m i t a t i o n .  Our d a t a  (Xildish and 
P e e r  1983. Can,  J, F i s h .  A q i t a t .  S c l .  40 :  
309)  frarii the  Bay of Fuady f o r  h o r s e  
m u s s e l s  a l s o  shows a  p o s i t i v e  r e l a t i o n  
b r t w e r ? ~ ~  crtrrenl: speed  and p r a d u c t i o z ~  o r  
d e n s i t y -  

M r i c t i d i  There rngir t  be c i ; r r e l d i i o n  between ~ i i r r e n :  
s p e e d  and s u s e n s ~ o n - i e c d e r  density bur LS 

i t  due t o  fond a v a l l a h ~ l i t y  o r  because t he  
s e d i s e n t  t y p e  is  un4ui tabLe  i n  t h a t  a r e d l  

Wli,UISN i d i d  t r y  t o  b r i n g  f i i i s  out in my t a l k  
c i3at  t h e r e  a r e  some a r e a s  where L would 
p r e d i c t  roiissels would he p r e s e n t  i n  Large 
numbers, b u t  i n  f a c t  ; ~ r a i i ' t ,  d u e  t o  e x c e s s  
erosion a t  high c u r r e n t  ispeeas and e x c e s s  
d e p o s i t  icrl ,: Low current s p e e d s ,  





t:umeroes i i e p o s i i - - f e e d i n g  i i l fauni i  < i r e  a l s o  
l a c t i i t a t  i v e  ; iv ispcnsion i e u d c r s  u n d e r  r:,:r?..iiil 
c o i 1 d i t i o r . s  :of i liir.1 a:id par; i c i e  ror~i:i?nt r,,;iLoiio. 
S t u d i e s  ol' s p i o i ~ l  ii111-I t i ~ c e b i z I 1 i i l  p o l y c i o n i ~ t e s  I IAVF 
c u i j f i r m e d  t he  i r? .por tan( . r  of stispei;ded rmt l a r  
ct,ncPrlzriat. 101:s L I I  cite f e e d i i ~ t ;  of i l ~ r s c  a r i i ~ ~ i i i l s  
'There :s ? I  l:ti?. i : iowi~, i iowever ,  a b u u t  cite s:n,ri 1 -  
s c a l e  i;yr!;iiaic:s of p i l r i i c l u  iimr i o n ,  es ! : ec i . i l l y  i n  
r e i a t  i o n  i o  t i l e  t y p e s  of p a r t  CcIiis a v a l l a b i c  rrndor 
d i f f e r e i l C  f l e w  r ( f g i i ! ~ e s ~  as veL?  a s  i r i i r l r  l m t e ; i t i a i  
f o o d  q i i a l i i r y  

A siiaidle z;iiaurica? rnodei 11~3s beexi I.:IIIS I r u c c e d  
I .  L o  i ~ ~ v e r t  i g a r c  p o t c r r t i a i  i~~-iiiancziie~ri c,': , )ear-bed 

p a r t L c l e  ~ ~ ~ n s e n t r e t i o n s  due t o  i r i c a i i z e d  l:j~dro- 
d y i ~ a m l c  e f l e i  ts  o f  poI j .c i - ,aeie  tube.;. U p s t r e a m  . . 
cn:t;entra%. i o n  g z , * u ~ c n i - s  of - v a r i o u s  p a r ~ j c  i e  Lypes 
g h t S i i  by ti){> W.ou~t? ~ ; q i ~ i i t . i o r ~  art: Incrodu<:ed i n t o  a  
: , . / : i -di iae~~sional  model of ~ i i r  dowi-~si ri?aci TLoi.: f Lebd. 
inpiit $:ir,i:aci:er,s in;it,,ii.: p ~ ~ r t i c l r  f a 1  1 :ieit;;il.y 
j T s )  f iici:?il v.:rlocit:r (u* j, a n d  f r e e - - s t r e a m  
v o l o c i "  (3. Vlii orii-;>ut i s  i n  t h e  for in  o f  eonceip- 
rr'dl.ii;ii i s o p i e t h s  w i t h i n  5 r u b e  i i i amr l . e r s  kmtli 
!igw';irentn a r rC  dowiisire-iii  of ?lie worm Et~bc?.  T h e  i m d e l  
is 1i<>,1.-3 i n ~ e f i s  ifin,i 1 ! zed  1 8 1  Lt: rms of c l ia taete t - .  
t ' r t r i i cd ;  i , a r i i c i e  i : d a e c t i o z  i n  trite ii'c of elre r o b e  
i s  g i  veil ti:; n  f:irier Loii of tree-si:reacu vcl :>ci  t y  arid 
dowiis:re~:z dis iLi l i l i - i~+ rtie iaadel was mil, i is lng 
? i r c r a t i l r i i  val i i r  s fo r  ?: i l l  veloi.i:y of seviii-a! 
r r e h i r a l l y  o c c u r ;  b:lg p a r t i c l e  i ryp r~s ,  r a n g i n g  f r o m  
3,091 [phyt:>;:l i f ikrni i )  t o  5 - i  ci~!~ei. (po ;yc i , ae t e  
f e c a l  p e l l e r s j .  

i . e s ~ ? i ~ ~  silo:, r l ie poLcwnLi,al for i w i i l o i d  
:~riiia8r~:;.rce,!r ,i: p a r t i c l e  co:?c~?- i t ra t . i .on a: t i le  Lop of 
t i l e  t u b e .  I_~icrc?~%ee-d i a i i  v e i o * : i r y  r e s u l t s  i n  
2rlslta:lccd is-: e, .ioi~c-.i?l rat i o ~  'Ti-tis ;s a  d i r e c t  

ccnsesj:ieiic:e .)f tile 3o:ise e i j d r r i n r ~ ,  cahicli b a i a i r c e s  - 
w I : i t  I f a  T h e  randel ,  
therisr *,re, rcists oii a 2 :iir:oJ: i o n s  ( e  + g .  m i i l l  ma; 
p;:*-";icie-i3~i-ii. a -  i r  i.:>;i.r,~c:ionn) imj>:lc?.t in  l?re 

-. . 
;?.>#i?;c pro!i : i + -  I ne:;r - a i ? ~ ? u ~ p ; i o n s  ruay w e l l  f a i l  to 
i i ~ > i i  Iri:#? s o  ;'::i*:.. l i, i i i e  bcd.  

To test. r l ; l i  iaode? dari i.ts nss i i r ip i io r i s  a f lume  
; , i c i ? . i t y  i s  ri2,irl iig ~ i > ~ n p ? r ;  loti a; Da lha i i s  i*? 
! J r d i v e r s i t y .  ~L~ 3-D! t*h;ri~iri-i w i i ?  be used  eo c o r i t r o l  
:;ruwi"iiif ti;$: 3. i :~-Irui i l i  boundary  l a y e  c and a  (:ombin- 
- - ,  ,r.i.on r i L  :rir.-r; a i d  o;it  ica? s a m p l i n g  ~ : ~ c . l ~ f ~ i r , t l t ? s  will 

h i  ~ s r d  is dli::.r?iinc. ;>a r i i i : l e  c o n c e n t r a t i o n  
o  . ??.ow xi i i h- r;lc.asiirr:d bs, a h e a t e d  
: h e r  o r  I 2 .  P a r r  i e l  e  t y p e  and  b u l k  
c : r i ice . i t ra? . ion w i l l  be c o i ~ i r o l l e d  by r e c i r c t r l e t i o n  t o  
n 1iezd:oiik. 

A d d i t  io!~.-ii expc.r i i rc~iLc:  wi Ld i o c u s  on r;jiio;iid 
f-..,?d<.ol; irrldir i o n d i t i o i i ~  o f  qu j . e sce ! i i  v e r s u s  r a p i d  
ELtaw, :arid t i i e  r j i i a lL ty  (i7:fi i r a t i o )  of food  i n g e s t e d  
rindiir ';?r:;e d i f r e r c n r  r e g i m e s .  The  aL~i is 1.0 

pcodici :  .it: ciptL:t~i:<ntion imde: f o r  L i i e  " swlcching"  
" i . i_ i t i~ior  b<-turen d e p o s i t -  arzd s u s p e ~ s i o n - f e e d i n g  
n ~ o d e s .  i'rresitiiiabiy thi -a  is n func2i.nrr of Lhe amoiint 
of e a s  i1.y r e s u s p e n d n d  d e t r i t u s  with h i g h  o r g a n i c  
;:<,:?tent :.o ~ i i* .  ai;iuurlt .if s i l s p e i ~ d e i i  i .norgarr ic  and  
r t i i r a c t o r y  m a t e r i a l .  Siic'il a  " w h e a t - r n - c h a f f "  r a t i o  
m. a> w e l l  Sic i ~ p t i i r ~ i n ~ r i  a t  some i n t e r m e d i a t e  f l o w  
e r i u c i i y .  The  point ( o r  r a n g e )  I n  t h e  t i d a l  c y c l e  
w h e r e  ti, is p a r a r a e t e r  is o p t  lmi zed h a s  i m p o r t a n t  
i r n p i i c a t i o n c  f ~ n  t h e  t i m i n g  o f  f e e d i n g  o f  cnang 
hentr i i ic  c r g a n i s m s ,  a s  w e l l  a s  t h e i r  d e m e r s a l  f i s h  
p r e d a t o r s ,  

MliSCH1",Niit<IN 'Tag!;or: and .:iiiiidr., "arid ihaE in 
s o : o n i d s  $.he s w i r c i i  was 1x1 r e s p o i i s e  LO a  2 - 
ciiarrged c o i i c e n l r n t i c n  of p a r t i c l e s  r a t i t f i r  
i l l ia i~ currer , i r  s p e e d -  1 h a v e  o b s e r v e d  
s i , i o n i d s  d e p o s i t  f e e d  and  t i iey seem 
r c s [ io : l s ivo  :o t h e  q t i a i i ~ ]  of parLi i . : ies  
a v a i  l a h l e ,  Tl ius ,  a s  t h e  s e ~ d i i i i e i ~ t  a r o u n d  
t h e i r  t u b e  becoi:ics d e p l e t e d  of  POM t h e y  
w i t i i d r ~ w  i n t o  i t  a i d  awai t .  s o m e t h i n g  
h r i i r e r ,  I f  a  p r r l se  of d e t r i t u s  reaciir:'; 
r l i e s  el1.y r e s p o n d  by r e s u m i n g  F e e d i n g .  i 
s i rspec:  chat  tii ' ir  r-espo:isp i s  r r i  p g c r e d  
by cl;ein:~scriisoi-y c.iie. Xy a i m  d i  t o  
d e v e l o p  nil o p t i % l z a l i o r n  i ~ o d e i  f o r  
p r e d  i c t i : i g  f , e i ? i i ~ g  bei ia-vior  ;is a  iilrrcc i o n  
of t h e  :]uallty of  f o o d ,  1 assume  t i t a t  
t i l e  ].owor d e n s i c y  POX is  rilere a ? a s i ? y  
r e s u s j i e n d e d  a n d  l a t e r a i L y  t r n i ~ s p o r l t : d  
iliian i i i n r g a i ~ i  c  s e r i i ~ n ~ s i i l  p a r i  i c l e s  . ' r ! ~ - r ~  
a t  some poin:  oii trie t i d a l  c u r r e n t  c i i rvta  
t h e  spio::id w i l l  d e c i d e  wiietiier Lire wiieat. 
(=POHI co ci;aEf r a t i o  i s  s n t i . s f a c t i i r y  f o r  
s u s p e e s i u n  f e e d i n g .  

Wii,DISii P r e s u m a b l y  t i le  sui tcc ' r \ ing poi.nt i s  r e l a t e d  
t o  t h e  e n e r g e i i c  b e n e f i t s  of  i i i t e r  
f e e d i n g  v e r s u s  ~ i t l p o s i e  f e e d i n g ' ?  

'"IUSCIiENHEXI: J u l i a r s  aitd h i s  yrou:: at U a s h i n g t o i ~  iinve 
b e e n  Look ing  i n t o  t h e  ene rg i . : t i c s  of 
d e p o s i t  f e e d i n g .  

R'riOiiGS Ym:a model is based  oii t h e  s p i o n i d  t u b e  
ai a  roirgitnes-; e?enie:it. Yitar happens  i f  
y o u  Iiave o miicii more d e n s e l y  packed t u b e  
b e d ,  s o  t i i s t  you i. i ;counte~-ed Lube.; ovalry 
:? or 3 d i a m e t e r s ?  

KUSCHETJHE;;*f .11y model itold:; o n l y  f o r  r a b e  r l e r i s i f i e s  
o f  less t h a n  1 / 1 2  o f  tito p l a n  a r e a ,  The 
h y d r o d y i ~ a m l c  i ; i tux: io?  is rme of a S W J D ~ ~ ?  

i low w i t h  i s o l a t e d  roug i i aess  e i e a e n r . 8 ,  

KH0.4DS llaybi: t h e r e  are  d i f f e r e n t  a d a p t i v e  
s t r a t e g i e s  f o r  iuw d e n s i c y  and h i g h  
d e n s i t y  tube f i e l d s - ,  

:;K!~,?4'ls;.f %any p e o p l e  c o i i s i d e r  that  site s e l c c c  Lori 
o f  food  par t  i c l e s  i r .  s i i s 2 e n s  i o i i - f e e d i n g  , 
C u b e - l i v i n g  p o i y c l ~ a e t e s  to be dependeir: 
o n  t h e  p r o p e r t i e 6  of i l i e  p a r i i c 1 e . a .  110 
you t h i n k  t h a t  par"icic? s e l e c t i ~ n  l.s a l s o  
a  f x t n c t i o n  of the : iydrodyi la i i ic  p r o p e r t i e s  
of the t u b e ?  



MIISGHENHEl:? Adjustment of the h ~ r g h t  of the  Lube 
could have something to r l c j  w r t i i  that. 

:IUSCHENHblM Most i ) o l y c h a l e s  perinananrly a d j u s t  the 
height of their tube depending  an tire 
local flow regime. The height a c h i e v e d  
i s  a comprurziise between the  adva:?tage of 
p r o t r i i d i n g  hlgii i l l t o  the boundary l aye r  

where  seston supply 1s r i c h e r  ver.ius t h e  
pnssihilrcy of the  tube b e ~ n g  ersded br 
L i i ~ v  tirrf n T  . 

Anotiier lioiycl?aeir tias ;a c o l l a p s i b l e  
muciis/sand grairi t.tibe 11tiXri in place by 
t h e  turgor of the w o r m "  body when it is 
feeding. A t  rest the ttibe becomes 
collapsed on the sediment. 
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Ser. 8 :  115-128. - 



A beniiric silccessior?:ri ;aodei ;I! icid? ioterpre- 
tation o f  SLritctures observed iii si>dlinr $1: i;rof i1.e 
images. Prom tiiesc structures, icmiipoi:, ~1:d $;pat  ial 
cizanges can be deduced i:? ix~th :bentiiic ii.:hiic;it ,~nd 
its sssocia~ed fauna. Tile ii~strume~ii m e d  i ~ r  
in situ re~iote aoi-iitortnii, is the R:';e,ids.-C;;iide -. 
profl1.e pl~otograplric camera or iLs updated version, 
tire video RI:>lOTS CMc?mote i:coiogicai Mor;iiori!ig Of 
'The Seaflour) system. Sedilarnt profile i.rna,;ing 11-18 
ileen used to characterize ail estuarine !,oiiutloii 
gradient in N;rrr:agaiiseti Bay, RLioar Lsla:id, aiid to 
monitor tire \\tigust E f  frci h o  nbciitll lr faunill 
dynaiiiics i t '  New Haven Ihrbbur, Cni~irecr ici~l ( U S A ) .  
The abil.ity of t he  profile cazicre c o  sa211??y i-nap 
patterns o: seaflnnr distiirbance .ind subsequeiit 
tatiilal cir;ingr is iiescribed for ,i 1.5 mi2 nrriii near 
the Thimble Islsfrti*;, inrlg Island Sound, Coria:~cLicut. 
1 discuss tire paCciitiLa iupplicai Lo? of Liir KISN.iii'l':i 

system for efficient iiiiii;ir.ori!i,g ::f dredgcl-spil 
activities and .is a recoir.i:ai.;sa;ii.i. n u p p i n g  tool i3r 
detecting ziaange i i i  i t~ i l r i ? i c  liabi t a ~ s  in the region 
of outer ~C~>,iti.nelrt~: slhilf dciLILi1;; cic~l~<ls+ 

ROFf Xiat k i n d  of rvi.derici: ico you h-iiv fdir the 
cxister~ci? of nacr-uF;dun-~Lly ir:dui:ecZ 
aicrobi;ii gardens and wiia? advantage does 
L!: is iiave over iuriace dec:oinpiis leioil? 

"iiiOmS i tictic usc?:i a wri .  ::a? ;array of cap i  1 Lary 
iuiic-s cintaiiiing nseptir :rozc+iz sedii'te~~t 
.tnd sc.2 water or Agar siiiks i~~berred in 
"i~c reiiiiicni. T/it>j 'were i.~?ii~o*:ed ii~ a time 
*;iirles i o  learn about raii.roi?ir*l h.oliini- 
z;i;isi~ ~ - ~ i i i ? s .  i'he i~uribiii-i oi bat:tt,rial 
cells jirodriciad per u n i t  Lime ;tee greater 
iii ;I deep1  y ,  hioiizrb-lted sediment Clrui~ i n  
;i &;L;:-i<bc-rlng i:nr ki!iere a i  L thae :ik?i-roS-?riiin 
; i r e  present within ;i few mi l iinincters of 
i:I;s se:limri;t .;urfazc. k:niaancci2 b:icWrial 
>:t.i l",;t.y ,II~G:I 13urri-&1-~~-r rates i t 7  

i>ioi.urij+ird ~;ed~~:~i~~:t.s )!a-ve also been 
tirmoiiscrait?d by H Z ,  iieiiyrirogeszasi., aiid 
v.rir hied riiy:r;ii?ins iiir:isure:nci:ts. The 
;i-rc i a b i  ls roraponcn:a of tire organic 
3.1atti-r iiipiii _ire raetabo lized cdpid1.y at 
t h e  sc2i.a,?nt. surface. The reason that 
marrii'aona Feed at depth is Lo metabolize, 
wir3r ?-lie aid of microbial enzyines, the 
-lost ccrractory organic m a i ~ c : r - .  Some of 
riiis orgaciic maties reaiain.;. arrd becomer; 
buried. iJhai- is of interest to i11e 
geriir,gi'i.t is t i l e  rvolutior~ of ii:ese 
iafaui~al sys::cmx ~ C C ~ L I S C  Cl?cy did not 
exi -;i i>efore the Siluriari whec vasi:.,iiar 
j>lailts firs!. appeared and rt?:roctory 
vasc~ilac plant detritus entered rlie ;:ear- 
siiore )marine environacnt "or rile first 
c Fme. 

RUFF ;!iti: ~oaririe nacrijpilytes you voulii expect 
in fiud piienols and poLypilicnols. 

RBOA4DS Yes, but Lhe influence of these cornpou.nds 
oil detritus feeders iras iiot been 
determined yet. This work is just getling 
under way and one of che firsr things to 
do is to search for some morphological 
eviderice of vssciilare piant cJetrLriis in 
Feeding pocnee s j i . e .  rejecta) uslng 
scai~iiing electroii microscopy. 

Yes, Capitella c;:pitara larvae air -. -. . . -- - - - .. . 
atrractchd by sulfides is sl,own i n  recent 
work by Carrut-21 :i Cuono (~i~biiritied t:o J -. 
iliogeociren- ) 

, , 2  Iilc kiniXr; of ciimax, macrofaunal assotria- 
tion founil i ! i  I l igi i  energy eiivironnents 
like thii Bay of Fs.iniiy riri: r 4u i t i~  differen?. 
icoru tki-. ?dvccLi vc, bir,Lt~rbatLi~g ones of 
i i i w  i2:iefgj- eiliil:oura.;i;ts that you describe. 
T would ~si~ect illat t11is :xou?d Lead t.n 
d i  Z l  ereiii resiil.ts *; t i1  tile ~;ediioe~ii-wat~r 
inti?rfai:n pilol.ogrnphs. 

Uheri yrjri lnoivr f ri~m o i ~ z  biogeographic 
i ? m v i n c i ,  i.0 ar,c,ti:er ar t - )  a difL,>r-- ic,e-lt 
liydrodyiidn:ii re,;ime, you i-ai-. expect 
difterences ai~ii tilerefore ~iic REMOTS 
tecIiixiqiie has to h? iiii t ia1.l j yrouiid- 
trtatiled ii? the PPS; area. 

Tilt t i d a  i i y  i-apove r i  s l ~ c d  iracrolau~~al 
assoctailon reccntiy described (WL ldisk 
and Krhtmailsot~ 1979, J. Fist), Res- Board 
Can- 36: 1197 ,  and Wncwick and Uni:Tes 
?4XO, Mar, 2coL. Prog. Sera 3 :  3) is 
characterized by a few iiardy depos1.t- 
feeders .;ucia as tile sarid doliar, 
Echhnrchnius pnrma, wlai.ch is - .. - - - - . . .. . - . - - .. 
rnorlholugicoliy adapted to resist 
e rns ion. 

'There .;ei,nc-t! to be a stage I succession on 
LIae most i,cl lilted dredge spoi i inaterial. 
Did rliat surlirise yo:i? 

, . it plr?asanl :y sisr;:ciser, ?!ie 11 . S .  Army 
Corps sf tn):inee:-5. 

tiave you :o:?i~ctL at t i l e  m~cv-i)?~~in:ti 
i:nicnisarion of ciiia:- dirmplng spoil? 

Yes, in c Lean scd",:.e:~tary barerial tiic 
redux pnteiitia? dlsco:i".oulty was 
depressed by binrurbarinna? pumping ar a 
rate of 300 p / d  compared to 200 p m / d  in 
141e msr poiluted ' bicick. iiiayo;?rnaLsc.' 
spoil. 

"; the clean snilil was coloiilzed by 
ruacrnfauna? 

The ~ior iecr i iag po!yci:actca which appeared 
on :he sarial spoil was of 1:he famil;? 
OvdeniLdae jilrerea; t h e  ' b 1zck ifiayoi~ociee" 
colonizer Mas of tlic f a m i  ly G;i;iice? i ld;ic, 

I have l o 1  lowed in s:nal l cwpc?r"iraenial di imi?  
of 1 0 0  a3 o i  siltlrlay sp3I1 in Halifax 
Harbour for over ,: ye-rr :low, The  spoil 
seems to be very pooriy eoionized by 
~~acrnfauna, certainly !lot by tile drainarie 
cornmuill t y cl~anges t?iatyoo deoeribcd -. 

One needs a 300-pm sieve i n  order to 
collect pioneers. They have been missed 
in iu:riy studie$ tiliicli iisfid a 13"5-. or 
1.0-mm sieve mesh- 



N@b$ELb, Do ye:i have any rrcoininr;i~l~i ioris dhour  iiow 
iu po about dumping to ~n;::ii;izc 
ci~v',ronmcntai disturbalri.~? 

i iHOki)S I have writr.t.11 some rc-c:nmr.er:dii~ii~iis 
(Rhoads ei a i .  i 4 7 b ,  Distidrse:ice ails? 
Pri:ductioil of tibe estuari fir sezaf loor. O,w. 
Sci. 6b:  5 7 7 )  011 tiiis siibji:ci, I i , i i gg rs t  
capping: coi~rai:iin~al:ed spoil w i t h  clean s a n d  
and avoid iiisturbing with ar~otlicr disposal 
operation for a i  Le;isi 1 yr, because with 
t x  ~lss . dis t rtihance frequency :i pi:i:?tiil r 

siacroisuna will aittln peak procirrct ion. 
7 c 
i i yori duiiip at ;3 frequeiicy riucl, less than 
1 yr tircre will be a t i m e  delay before it 
reaches its maximum pri~ductian rate again. 
This view utiiizes Odumqs concepr oi- a 
pulse stahiLity, 

WlLi j iSr i  You would presumably iidiiii preierrei? co see 
the dumjliilg occur nil t i l e  sandy ar6.a.s of 
Long Island Sound? 

KWLIADS The spoil mteriiii weii i  :O t w t i  s i t e s ;  one 
iii~capped, w h i r i l  Ls the srory i presentrid 
i.1 my t < ~ I k ,  and the ot.her ::> an area w l ~ ~ * r e  

it vat; capped. In t i l e  L a t t e r  c a s e l  bil!icI! 
I did nor ~ i e n t i o i i ,  Lhe c o r ~ t a n i i ~ a r e d  ' b l a c k  
mayaili:ai.;i~' s p o i  i was covered witii ..ip to 5 
c m  of sacd very successfully, Two 
disposal strategies can 'be ased: 
coni ninnien: witliiii a capped mound, wiiicij 
Ls w h a t  lias been doiie since 1973 in Lori;: 
I s l a r i d  Sound, or dispersion w h i c i ~  invo?vc?6 
[>Lnci-ig rl:r s p o i l  on s net iirosioc~al 
bo! ? ori; a:?d iroiil w h e r e  i t  is wasiieii w a y  
and dispersed. The clicice in a part i c i i i n r  
case may be dictated by tiie quality oi the 
spoil iielatfvely clean material 
rney be appropriate Eoc dispersal over ail 

exteirded perioil of Lime. 







B e i r t l ~ i c  irlvesi.iga".ons a r e  among L i i i  m.isi 
coinmor. a p p l i c a - i i o n s  of  u n d e r w a t e r  phot:>gr:pi~y. 
Camcm-as moiinted 011 ~ l e d s ,  suspendfed  froin t y r l r i i ~ b r c s ,  
o r  i r r~aci i t :d LO r i g i a i : ?  m01,ri.d s t r u c t u r e . ;  ;~:-r iised t o  
v i s i r ; i l i y  doci~inet i i  l i f e  oil ii:e <icetin f l o o r .  i"it>to- 
grapii., ca i i  1 ~ :  u s ~ d  i o r  d e s c r i p i i v c .  i i l i e r l i r e i -+ l i  tipi1 

o r ,  i f  ;I riu~riher mi j i i ~ y s i c a l  c o n i i t r n i  i2i.s ;arc: i * i k ! ~ n  
i n r o  ;i::cr,rrnt, t i l ey  i n l i o w  a i j r i r a ! i t t t i i C  Lve Lrniige 
t . v a l r ~ a i  ion. 

,-, i n e  t r a n s m i s s i o n  of  l i g h t  i n  s e a  w a t e r  i s  
i n f  l u e i l c e d  by a t i e n u a i  i o n ,  diie t o  a b s r r r p t  i o n  and 
s c a t t e r i n g -  I n  t i l e  ::as- of a r t i f i c i a l  o b j e c t  
' , L l u n l n a t i o i i ,  t h e s e  p r o c e s s e s  d i m i n i s l ~  ti,+; p i c t b r e  
q u n i . i t y .  T h e  g e o m e t r i c  a r r a n g e m e n t  b e t w c e i ~  c t i n e r a ,  
o b j e c t  and T i a s h ,  and tiit? c h o i c e  o f  f l a s h  o u t p u t  and 
c .I Zm i y p c  d r t e r m i i ~ r  tire image c l . a r i t y .  Opt lmai 

cnmbi~iz,:  ions f o r  s p e c i f i c  w a t e r s  y i e l d  ruiniimai 
s-31;t:rast v o r s e n i i ~ g  a n d  c o n t o t ~ r  sprfliad i n g .  The  
r c i f r a c t i  ,i i i  e f  f e c i s  ; a s s o c i a t e d  w i t h  t i le  L r a n s f e r  of 
lligl~k: I r i om  rhii o b j e ~ t  s p a c e  i n  w a t e r  LO L i w  image 
- .  ,@ace  i n  a i r  ( t h e  I i l m  p1ai:e i:? t i l e  cal ler- I )  e i icLosed 

i 11 a p r e s s u r e  \?ausiing), c a n  be compeiis;i:ed t o r  by a  
tiui35er ur t n e a s a r e s .  Ve arc  n o w  t e e t h n g  t i i l l y  
w a i e r - a n r - r e c t e d  u p t i - c s  (90 d e g r e e s  d i a g n i i a i  nide- 
izigle l int ;  ilLGAN C 2%U, by E r n s t  LeLtz C a i ~ a d a ) ,  t o  
eva.l.u;i.te t h e i r  s u i t t i b i  iiry f o r  photogramrne:rie 
a p p l i c a t  i Otl.3. 

- .  
! m e - " s e r i e s  Lmnges b i i  t i ?  i n t e r v a l s  f rom s e c o n d s  

t s  lioiars ) - i z l d  i n f o r m a t i o n  a b o u t  tire b e i r a v i o r  o f  
b e n t h i c  a i ~ i r n s l . ;  a n d ,  in :i q u a l i t a t i v e  s r t n s e ,  a h u u r  
u ro i . l : i c t iv i cy  ai:d e n e r g y  r e l a t i o i l s h i p s .  D u r i n g  a 
vii if  e r  s u r v e y  of e n  A r c t i c  i n l e t ,  c o i ~ s i d e r a b l e  
1 a t e r a 1  and v e r t i c a l  inoveneirt of h r i t z .  lestars has 
b e e n  h r ) c u a e n t e d ,  D u r i n g  a  atore r e c e n t  i1:vest i g a t  i o n  
of e p i b e n t i ~ o s  in t h e  Browns Rank a r e a ,  s cd imer l t  
: r a n s p o r t  of a saxlily s i i b s t r d f c  was o b s e r v e d  w i t h i n  
t i l e  s p a n  of a  few m i n u t e s .  

Tlie mcc i~od? ;  iif s r o r c o g r a p i i i c  i h o t o g r , + p h y  of  
ui i- icrwaier  pkenofncna l a r g e 1  y d r  r ived  irtirn a e r i a l  
pli:,cc;grilpily it.crii~iije:;. The  LhrrorecicaL ?>ackgrourid  

I . ;  b r l e t i y  :,kei;i:cci ;itid exa8dpl13$ o f  t i le  e v i i ~ u i i ~ i o r l  
cl s s i a l l  s c a l e  ! e a t  drrs nr.e preseirt . i?d. A p r o p o s e d  
i . .?~zr,i  systeei four- q u a n t i t a t i v e  s t e r o p h o t o g r a p h y  w i t 1 1  
Long-fern* dripli:j-i--nir>nt c a p a b k i i r  i e s  and v e r s a t i l e  
P iec t r i m i c -  c o n t a - a i  o p t i o n s  is d i s c u s s e d .  

DLSGCSSLON 

1 .  Yes, and t ! i i : i  i s  depei idcr i t  o;i t i re  
r ipcci  i i c  Lt?iises anti t i l e  .;cvrenci>:ripariii ~ , r  
o r  d i g i t i z e r  s y s t e m  that is u s e d ,  For  
t h e  L e i t z  l e n s e s  and d i g i r i z e r  s y s t e m  I 
am u s i n g  t h e  b a s n i  i r e ig l i t  r a t i o  i s  0 - 6 .  
T h e  - 3 e r t i c a i  r e s u i ~ ~ t i n n  a t  60 cw aboi ie  
t h e  s c i i i m e n t  ;ii?d wit11 a fie1.d of  v i ew of 
0.6 x  0.45 ra s l l o ~ i i t i  be 1-3 mm. 

FIl iSCHENMEIX is  i a t r i r a l  resoit i t  i ~ r ?  i n d e p e n d e n t  of 
s e ? a r a t .  ion?  

I,UEISLGEK Tile L a r e r a l  r e s u l u t  i o n  nepei ids  oii t h e  
i e n s  p r o p e r t i e s .  The  Leilses Z a m  ii;liz?g 
w e r e  d e s i g n e d  by L e i t z  f u r  t h e  G , S .  Kavy 
t o  r e d u c e  a b e r r a t i o n  Ln s e a  water, 
p a r t i c u T a r i y  t h e  edge d i s t o r t i o n  preser:t  
i n  d e e p - s e a  p i i o t o g r a p h s ,  My coiepany is 
t h e  f i r s t  t o  u s e  Lliese cornrnercla lLy and 
we have l e n s  s e r i e s  r.unibers 49 ai?d 521, 

W l L U I S I i  So you t h i n k  t h a t  tile s y s t e m  you a r c  
d e s i g n i n g  will p r o v i d e  i l s e f u l  b i o l o g i c a l  
i n f o r m a t  i o n  f o r ,  s a y ,  a t u b e - i i u i c g  
ampiiipod o f  8-mm l e n g t h ?  

LOYSLGEK Yes, t h a t  is w i i h i . i ~  ~ l l e  c a p a b i  l i t y  of 
t h i s  s y s t e m .  However ,  t i l e  p r a c t i c h i  
r e s r l L r s  d e p e i ~ d  oil a ilumher of f ac t r : r s  i n  
a d d i t i o n  Lo t l i o se  m e n t i o n e d  a b o v e ,  f o r  
e x a m i > i e ,  f i l m  t y p e ;  - i t  m y  no t  be 
p o s s i b l e  t o  u s e  col .or  s ' i l m ;  and l e n s  
t y p e ;  i t  m y  be n;.cessary t.o u s e  a 
m a c r o - t y p e  i e n s  o n l y  a i * a i l a b l e  i n  70 rsro 
s l z e ,  for  the c l i ? s e u p  work .  AL 1 of f i ic  
f a c t o r s  inusr be just r l g h i  t o g e t t r c r  i o  
p r o d u c e  !high q u a l i t y  c lcpseup pi~ot!;gril;ilrs 
<if u s e  i r i  b e n t l t i c  "aiol.ogy. 
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