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Tbe mussel industry inNewfo&d began in the early 1980's wirh the number 

of firm i n w i n g  rapidly ovccrh o m  ten yean. By the d y  1990's some of the 

f- had gmwo quire 1- in ex- of 100 heeurrr. and rhe i n d w  war bcmming 

concerned about thc carving capacity of rome d te r  

This pmja  was initiated m evaluate besanying capacity of acommmial 

mussel fm. owned and operated by A h t i c  0- Farmr, Ltd.. in Fo-e Hartour. 

Yewfoundland. Tbe rite a p m r r  mIcd it war taking longer ID obtain P m d e t  s~re 

mussel than it had in pv ious  y- 

Overtherwoy~dypriod,1994~1996,mdrnup~ar1msndI5m 

and at opparitc ends of@ dtc were dgz3candy diffmnl in shell length. dry ti- 

 weigh^ @ shell wci* oab in thme -@ d a c e .  in condition. 

Chlorophyll<. tcm* and &ty at 2 m wsrcnox s i g n i f i d y  diffcrcnr ar 

eirher locadon although both &v and ldvmpraam at 2 m were rignificandy different 

than m 15 m. The rite had a low-or spee4 Q emis. low tidal tluhhg, and ICII than 

optimal chlorophyll4 mncenmtionr with an annual mean of 1.6 (1st. 

There \rue Gxee difimt sanying capacity models uwd ro dammine an 

appropare socking dslr iv for rh ria: tidal volvmc m n b d  food deplnion approach. 

and food demand vcrnu food supply. The -king drmdty pmenr on the d r c  65 r 10' 

musxlr in 1995. war mom than rwo dm- @ suggested n&g density b.4 o f k  

m&lr. 

Iris rrsommmdcd the o w n  reduce dauity ofmuuelr on rhc d a  and mck a< 

ante of appmximately 14.W roelrr ~~y or 35 x I f f  m-1% (132 roelis per he- 

or:.; 1 1 0 ' m d  perkctare). 
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Lilt ofT.blrr 

Table I: F m e  H&n: C m t  speed at opposite end9 of the site duMg n a p  
and rpring dder Cumnr sped war m d  with a m  mere 
deployed for 2?ao"r periods. 

Tablr 2 Fomurc Harbour EsruMred flou rates breach p u p  of lm lmes 
pmgrmlng through the hete m g  ar fhc m- Tldd volume uar 
ea(cula!ed fmm tidal hclehr wtmcas ddcd odd volume u m  thc w a r  
passins through chat on a rising tide 

Tablc 3: .ANOVA showing o si@cant diff- in m-l rhell lengrh at 
opposite mds of tk site overtime. 

Table l: .ANOVA rho- a st@-t difference in mrurcl shell lengrh nr I rn 
and I 5  mover time. 

Tnblc 5a: .%?iOVh shoving n significant difference in dry shell weighz at oppo~ite 
ends of rhc site over time. 

Table 5b: Rado of d q  rheU weigh ro leogth drnuuels e e d  2 m fmm 
d i c e  at opposite mds of* site. 

Tablc 6: .ANOVA rho- a si@m diff- in dry shell udghtar 2 m a d  
15rnoverrime. 

Table 7: .%NOVA sh- ad@- diff-c in dry drmc =I mriu 
&ofthesheireovertime. 

Table 8: .&?OVA rho- asi@- dLT-c in dry risme %'eight at2 m a d  
I 5  m aver dmc. 



Table 9: ANOVA showing lsignifi-I d i f f w c e  in mndition index at opposite 45 
ends of me sire overrime. 

 able lo: ANOVA rhowing no d e w  difference in modition indices I 2 m 16 
and 15 m. 

Table I I The n u m b  of s& add&. saclo removed. and weight h m a e d  each 48 
rear dm%& h e  h S y  mod. 

Table 12: Summary d ~ l u m c  of-& rhc Fomme Harbollr site at low tide. 51 
volumc added during a spring tide and volmne &during a mean tidal 
o c l e  Vollrme war dnerrmDed bv calcul- the volume i f  water m 
each 2 fathom depth a m o m  Tade hetghrs uwd m &c calculauon *ere 
taken fmm Ihe C d a n  Ttdc Tabla 

Tablc 13: Summary oftidal exdagemetficimr md dillmom dming both spring 52 
ude and mean ti&. Exchnnge soficimr is Ihe 1- of* irrakn ro 
emhangs entire wlumc of -in me site. Diiutiao is an &mate ofthe 
proponion of the volume h t  is -wed at each rid& cycle. 

Tahlc I A  Volume of water filtered d- a mrao odd cycle by h e  m-lr p-t $ 5  
oa the F- W u r  site during rhc study p o d  1994-1996 The 
numbnofmurukolcrmronlhenlcdy~peach-sa-ofthe 

Table 1 9  Caleulati- of the mirdm~rmcubon r e p i d  forrapMtion in mussels 54 
vdng values forabsqxion ficisncy and oxygen eonnnnption fmm 
Ihompron (1984). 

Tablc 16 Estlmnrer of- capmy ofthe +m nu rn Fomme H&m 56 
on the bass of fmd suppled ro the she and dsmomd b\ m-Is -t 
d u e  each of ~hc v- 1594-1996. Faod m l v  and fwd d d  haw 
heen &CUM based on available fmdas &&A by mean annvsl 
chlompkyU~ 1-Is and mean a n d  padcularc manic marter levels 





Figre  1: Location of sNdy dze, 49'52 N, 55'27 W. at Fo- H h w .  
Nom Dams Bqr, N o u f o u f ~  

Figwe Z: Losadon of rbs sampling swims a F o m e  Harbour. A = the 
m-emthe~~.B=hmd~fthedte,C=theen-cmh 
0- accan 

figure 3: The location ofthe 92 longlines on rhc commemial m-I farm 
Cm rhew l ies  am toll-n aod s k s  of& diffcrent yar 
clsrwr ofmussel. 

Ftgre  4 4 ems w o n  of a as m rllwplv hou a w a ~  ~ W v l d e d  L r  rhc 
plnpaw of caldatmg Ibe volume of water lo rhe rile Each 
nnbal ad,  -- a 2 Mom dmth cmtom The volume vl 

Chlomphyll-o s o m m w s  a Im fmm nuface at opponl mds 
of thc rue B = Cblmpbrll-o levclr at h a d  I 5m fmm rhc 
nufascar thc comer ro rhc ale 

F i w  6: Fomme Harbovr Tempemme aoppa iv  mdrof the site a s  
recorded by Hobo' Temperame Logger thwognpbs m h c d  
to rbs d i n e  a ta depth of 2m 

f i p  7: Fo- Harkem. T- a 2 m aod 15 m recorded by 
Hobo* Tan- Log&= ~o~ 



Figre  8: Fornure Harbour: Salinity a 2 m fmm the surface at 0ppOsiQ 
ends of the tile. 

Figre  9: Fo- Harbour Salinity at the a- to the site at 2 m and 15 
m 

Figure 10: ShcU length of muucb thst wm sqe& 2 rn fmm the surface 
a opposite ends ofthe sin. (Me- SE) 

F i s m  1 I: Shell l m M  of m u ~ x b  -ded at 1 m and 15 mover =one 
y e a  paid. ( M e  SE) 

Figure 12: Dry shell weight of m-lr Nspended at 2 mar opposite ends of 
the site.(Meant SF2 

Figure 13: Dry shell weight of muuck nupndedat 2 m and IS m owrn 
one year pried. (Meant S 4  

Figure I I :  D v  ~ l f l  ti- weight of muuek mqmded a 2m at opposite 
m& dthc site. (Meme SE) 

Figure 15: C q  so* time weight of rn-k "poded a1 1 m and 15 m hom 
rurfaee at ~e end of thc rite. over a one y e a  period ( M e  SE) 

Figure 16: Condition of m-k v d e d  a 2 mat opposirc d of the 
site. Codition Index =dry airuc ~ i g h W  dry rbcU wdghr x 100. 
(Meant sm 



Figure 17: Condidon of m-Is nqeded  at 2 m and 15 m. Condition 47 
Index = dry tiuut wnghr/ dry hell weight r 100. (Mcam SE) 

Fieure 18: Fo- Harbalnr Locarion and biomass in rhc fall of I994 uilhin 49 
tach gmup of 10 Liner The lines are ombmd beginning at the 
~ e e a n d ~ p ~ t h e m d  

Ftpyl~ 19 Fo-e H h u r  T k  m m n k  of urks added d u g  rhc "can 29 
1993-1996 w h n  tach groupof tm Ins Llnn  are nwnbmd 
kgmmng at rhr m-ce 10 rhc nIc and p m c d n g  lo rhc md 

F i w  lo: Fo- H h l n r  Depthpmfilc &ugh rbc cenm ofthe sire 50 
bximiq at the en-md the CO-nding long-liner within 
each 3% remiom 

F i w  21. Bio- of m-Is an the rite in Fomme nabour. $0 
Xerdomdhd h m  1994 to 19%. Year 1 is the biomass of 
newly s c M  m v u s k  y-2 md 3 -1 the biomass ofolder 
year 

F l e w  22 k l l o e  ln c h n  1-1s .w tldd waur m o r n  h u g h  rhc Fomme I <  
H h m  n!c fmm rhc cnrranrc wth k lm  ulevlaled bavd oo 
the d-tan ofarvmalr nrounmed dunq each \enr and rheu 
f i l m o n  -am C h n  u baudon chlomphrll-o (ehlhl, x lo md 
pamculare orgame m~er,pOM) x 0 38 The dashed b z  
rrprsvnI.5 the mmmum &s rcqvvcmcol far m-h a o meao 
filmoom!.lcof 136Lm (57 +g& 1 3 6 U  - $ I  



4ppeodLt I :  A ramplc drmomnahg how mylixl filmtion m e  pupcd by 90 
lines and mean filmnionmedN1nrsd for 19%. Nvmbm of 
wr loare~tedbyysars lauui lh ineachgmupdl ' i .  

4 p p d i ~  2: To& panidare mmer CrpM), and particulate q m i c  91 
(WMI levels rrporred by Clem- n al. (2WO) for 1995 and 
1996. Particulate organic &n POC) = POM r 0.38 (Grant 
and Bach-, 1998). (SE=Srandnrd Error) 



The m-l aquasvlnm ind- in Newfoundland corn-ed in the helate 1970's. 

dthough rhae was an i n d w  milking wild m-b for r c v d  y- prior to his. In 

rhc 1960's rhclc =re rhrec commosid m-1 sanning opoadons in Newfoundland. 

The operarions harvaed m-lr from wild bsdr. but -malty closed due to -liable 

SUPPI) and compdtion from other pmrcin murscr (Smcrlin n al.. 1981). 

IncomirUnt supply prompted m h  lo& the developmenr of a blue muse1 

quanrlnm i n d m .  Snrdia were inid& by rhe Mmine kiolee -h Labrarap 

of Memorial Uoivmiv in thc 1970's arith a racarsh sire eaablirhed at M e n  Cove. 

PI-tia Bay. in 1976. Various ~ . p r  of @pent and site mnfigumions wm 

evalvared including; nftr snd thc Japan- long-line f a r m d i n g  mussels. nn m y r  

and mper for coUeXhg and @owing rhe 4 (Sunatin n d.. 1981). This m h  

eventually lead to the helishmcm o f h  Pmvince'r firs m m m m i d  muwl farm at 

Winter T~ckle. Nom Dame Bay. ik 6,s gear- dcplwed in 1981 lo culnm .ch.riI~ 

rdulis L. uing Japanese lonpline cechology similar lo that m u c  t&:. Subwqurnr 

d p n r  n d e d  the ind- was not pmd- pure M edulir bur rachcranimm of 

if edulir and.My61ur mrnrIrnr~ (Batcr and Irma. 1995). 

By 1994. the m-l done  hdwuy hid -ded to 58 timd sites. 

employing 160 -n. uith An of399 mr ofpmdvn d v c d  ar $878.000 (DF.L 1999. 

W uerc rira be* c v a l d  or e a a b W  in m y  ofhe bays n m d  the Rov~nce 

alrho& mon of the mivity focuod in Nom Damc Bay. 

i k ~ ~ d e v d o p d r n c h 1 6 s l 1 o m e m l m e l 1 i 1 a ~ e ~ m ~ - i n  

nicea of I00 hP Aqvgulmiss wre working lo m x i m k  h pmdwtion o b c d  

from I- aod d w c  a. Meehrmiation- gaining impamnee 00 the farm wirh 

most bvsineaer obraining b e r . m n c  powmhd bsrr fmedwih hydraulic lifts. The 



Ievcl of farm expansion urar a cone-to the ind- ar thm was limited information on 

m&g capacity. and whclherthc wild fmd supply could suppn ths p w h  rater of 

m-1s held at high dem%ies. 

Thm was a h  limited information to assist mwm predict the p w h  of 

bivalves under field conditiors, yet maximiring gmwh ir one ofths main objectives of 

mussel culture (Mailer and M-d. 1999. Gmwh information allow f m e n  to 

eontml density. reduce monali~.  and in- size. offering economic projections and 

stability 10 ths indm (Mallet and Cmer, 1991). 

The R I C M ~  site uwd for U s  pmjst  - d l i u h e d  by Atlantic Occan F- 

Limited in 1983. The rite w a ~  developed o m  M m d s d  ed and wed for both 

collccring seed and gmgmam Seed mllcnioo was quite gmd in the early y- bm as 

the n&g deodty k r e a d  volume of wsd obmked dm@ significantly (I. Ward 
Mantie Orran Famu. p. ma). To e ~ m  that adequate reed war available to meet 

company objectives. rrrd was also o w e d  h m  anumber ofother romer including 

uild beds on the South C a m  ralmonid aquaculture gmvauf mgcr i n k  Bay D 'Esps  

region. and otherreed collection r im  thmvghovr the heRovince. 

In addition ma redudon in nc+d collected. rite opmmu~ a h  n o d  chat the lime 

required to obtsin a mm*cr rin m-I 10 be getting longer (1. Ward p n .  

corn.). There was mmmirty m m whclherrhe umlndsd gmwam prid required to 

obtain mussel e l k e l  size was relaredto lm ta~mblc  cnvimnmrnral eonditiam or ifthe 

company had n o e M  the site m a 1-1 dm a u l d  not k bed by the wild food 

supply. As a d t  of rhc so-sbo~trcdussd g m d  -, lhir -h p o j m  IMI 

initiated m gain a betmumdemanding ofthc rnvMnmmtd d t i o m  of ths site and the 

vdab ln  chat id- rn-I The d y  was dsignedwirhths p d m i o n  chat 

if the rite was ovmsmkd and m-Is at the emame 10 thc site would have Srot mess 





denziv of animals (Mwimovich a al., 1996: Halmun a d.. 19981 and biofouling 

(Grant a d.. 1998). 

Fwd 

Mwwls are active rurpnrion feeders rvhich f i l t s .~wpded  penisdm mnmr. 

w s o n  born the warn. W o n  is cornpod of noo-viable m W  rush as penicln of 

rilr clay. and desirur and viable mavrial ruFhas baneria. pbyoplanlron and 

inwrtebnte eggs and I-. i.c penicricler ranging inria h m  I n s  chnn I pm lo greater 

chnn I mm. Widdo- Fietb and W o d  (1979) f e d  that filtnrion me wu amimodal 

function in mlatioa to wild wnon c o n c d o o  (dry wight per lim). and lhatoplimum 

% s o n  comeurntion in- with -in8 d drr 

S-n q d l g  has brrn mmrively inwmigued in mpa- lo rnwwl feeding. 

.L?vdIus cduIir ir msisidmd to be an bdh%ime d v e  rurpnrion fesdrr (Ward and 

Targnr 1989). w k  rhe Ntradm me is mot eonnally rtimdavd by cnarioc 

eompouodr m i a K d  wirh phyrophkmn c a d m s .  

F m d  is probably rhc ringle most imponan1 fattor influencing p w h  rate of 

m-Is uorlduide (Seed. 1976: Page ard Hubbard 1987: Seed and Suehanei 1992: 

Mailer and Myrand. 1995: Campbell a n d N w U  1998). If fwd is -c, p w h  is 

m d d  xgnrdlu~ of d l  other eorditiolls ( S d  1976). Food limitation in &e dytmio 

env?roomcnr of a m-1 cd- ry- may d t  fmm drher qunmilative or qualilativc 

depletion of the fwd  ro- wbich may be arrdusdm in r o d  pnrtievlare matter 

ndabilir).. or a cbnge i n r n r i ~  ofphyroplanlron ro dee-kv. ororganicrlo inorgacjcr 

(Hickman 1992). 

Fwd avibbiBy has a greater effm on p w h  of b4 eduiis chnn r e m p n m  

wziabiiity (Page md Hubbord. 1987) ard rmy intlumcs the gmwb nre of m-ls at 

different rites indcpndmrhr of diE- in lu8srDmpemnre. 

F d -  and Bollrget (198%) found tha p m h  of Mytiius edulir m 



rimikmdy depreued at the he-- inraface compsrcd with p w h  1.0 m 

above Ihe r n d  bsd Gmwh d B a m c a d t e d  fmm vcrrical depletion of fmd  

which- amibvrnble w thc feeding mi* of the m-1s thmuelluc.. 

In alrudy of thc winter gmwhdY edulir in Nova Ssoda Mallet d al. (198%) 

fotmd that rheU gmwh war w x  fmblimitnl at i c e - c o d  rites bm that tissue gmwh 

was food limired They nrggaredths the development of thc spring planhon bloom 

ma). be neceua?. to pmvide ruffidcot fwd for l u W d  tissue p u n h  

Reduced p w b  in -me to limited fmd hes ken damnmared in bivalve 

species othuthm m-h. Th gmwh -- of the eanrem q x u ,  C m u o s ~ ~ e n  

Vtgtgtice. and rhe bsy dlop .Agopnen  in&- hdionr,  to vatying d e w  offood 

lii-0" hes ken amibmed w dmw auembhgos of sbel&h that rapidly deplete 

ambient food ~ m d o n  under urndidom of low ~ m n t  rprrh d d n s  in 

me-blc e f f m  on gmwh an6 condition kda (Rbeaultand Rice. 1996). 

Food density may in- withdsprhru p+planhon bloom s i k  Dabiien 

and Clrmcnr ( l99n  wried an b in fwd IcvcIs (ehlomphyII-o mmenrmtsons, of 

1 %  at depthr of 7-12 rn Corn@ w 2-7 m. aaile t e m p t u x  d c d  b?. ?4% ar the 

geam d+ at dghr Ncwfo~mdlsnd m d  famu. Thq rugenrd ths p w m  should 

experiment g IoMMg m& 105b to deqerwamr w m i l k  the in& food 

mrolnce WE& would more thm 06sm thc tmpmme c f f m  

T h c p w h - o f M e d u l i r a r s r h i ~ u a ~ o f 9 m h ~ f ~ o f m  

and 18 m a Sanrn Bubnn, California (Pqc and ndnbbad 1987). Di5-css in m-1 

p ~ t h r a t e - u i t h d s p t h - n ~ ~ ~ w i t h ~ t e m ~ r i o ~ ~ -  

tempamre with depth This study may nn be kd&ve of whar might be 

~ i n N c w f ~ ~ m d l d - ~ 1 t h e 1 o w ~ c m p w m ~ ~ 1 8 m - ~ C  

off Cnlifomib while in NeamDondlaod L s i m h  d q b s  umpsnmmr can resch -2'C. 



Tempemure hss t e n  widely ~~ImowIsdp3  as an impomant fmor in btlyenciig 

p u n h  in muswlr, withopdmum p w h  w c u m k  at fernperawe bemen lOT and 

2WC (Sed, 1976). in Atlantic Canad4 culnmd m-ek are oft- -wd to 

trmpmnuen mging from -2.C to mom h ZK. Shell p u n h  in dl rirc c k s  of 

mussels is much rcduccd at low temperawe. i.c.. whm thc terempcrorvrr dmpr below 

WC. whe- thc bihighnr p u n h  mtcr are Wicalp o b w c d  after& *ring blmm bur 

befox spawning (Mallet and M y ~ d  1995). 

Armada-Villelaer rl. (1982) rmdicd thc shell p u n h  of M eduulir at 16 different 

t e m p e m s  and found UPtgmunh b d  logmithmidy klmm 3 and 20'C bur 

above 2O'C rhs p u n h  ulh h h s d  rharply. Furtbcr, I l o w r r t c m m ~ ~ ~ ~  (3'C and 

YC) p w h  m m  wsc m m t  buf wry low. 

In a d y  an the growth ofraf tculmd muuslr, M edulis. ar spring 

t c m m m r  (12-2WC) and au- remm- (8-2WC) inNorway, Nielm (1988) 

rcponcd the aure -me w trm- exp- is an hmeazz inshe11 1- wich 

memp"". He found that in mhad m-Is Ihs m15 of incmss in lmghdecresssd 

with increasing tempmum. Maximum shell-lmglh p w h  was recoded at the lowerr 

experimental temperawe. is., VC ininaununo and l Z T  in *ring. 

h relatioosbip b e ~ a  p u n h  and remprranm Is clearly demonmami when 

shell length is ploned againnagc in day dqxes (Seedand Sachank 1991). However. 

p n t b  r am s x p d  in thsw tarru am rn always condsem which rusgou tbar 

f-rs o h  than tempemme (e.g., f d  arpply) are p b h l y  involved (Kautrk?. 198% 

Thompson. 1984b). 

Bmekish d e s  and logmns US h m  w bc witable for mum1 p w h  buf 



rhis pmhably rcflsnr i n d  fmd 1-1s in these mvMnmms rather than any 

beneficial effen. afredwcd salinity (Seed 1976: ked and S-L. 1992). Myrilur 

edulir can nvvive considerably red& salinities and this f r r 4 u m  pmviden rubnantial 

pmmtion againn lcu mI-tp&mrs burat c o m w d o n s  below 20 9L. them is a 

dsuimcornl effm on gmwb (Ahda-Vilela, 1984). 

The effect ef salinity on m-Is b brrn d e d  rn frr4uendy in the Baltic 

Sca ar .!4yr!lu cdvlir rrprrrenrone ofthe ffew muine species that have managed to adapt 

lo the r e d u d  dinides found in that envimnment (Kaursky. 1982). Shell p m h  rare. 

me reduced inrhc wild population due m in-ific competition where the main 

abiotic fasmr was found to be salinity (Kamky, 1982). 

Bivalve moll- arc g d l y  active suspension feeders yet foy iluthon have 

iovestigarcd rhe effect of velodty an m-l Iilmtionlfedng or gmmh rate (Wtldish 

and Krimnanron 1997). Senon quantity available for m d r  is a function of both 

eoncmmtion of vnon pmicler and flow orvelodty. Meanmmrnrr of blue mussel 

tiltration mes as a function of velocity inthe nnge of 6-38 d s  (a ED-I =son 

concenmion of ICY dgpl celWmL ) i n d i d  that filmtion raa were W l y  

pmporrioual m velodty. Gmmh arpaimcnu with blue m-lr ova  a velocity range of 

0.1 - 5-89 emir s h o d  that gmwb WP -protic with -m velocity and that ~p 10 

awoximately 2 d r  g m w h w  with velocity. Exmhaioo of individual gmwh 

nnu rhowed that upsream m-b gmu tdm lhm dowimeam men at flow c 2 em/$. 

h a t > 2 e m l s & e r c - n o r i ~ - t ~ - ~ ~ d d o -  

indiridwl m-1 gmwh The amhots a h  rtwd that if- emcenwdoo \MS 

in- or m-1 density redwed, quite &&em gmunh d m  would be expeaed 

(WSdirhand Kzkmmmn 1997). The ruggndon by Boy= n d. (1976) h l h e  

relationship among velacity, Iilmtionnm,  onc con cam ti on and m p h i o a  in 



mussels n d  to be elucidated hsmt yet ken  foUoMd (Wildishmd Krismmon 

1997). 

Cmacho et d. (1995) rcportcd th ehlaophyu-o coorent ofthe warcr war  a 

wm- fmor"plainkq g m h  &on compared lo thc major ctfccr of a d  

p ~ p l ~ ~  availability, ~1 d e t d  by the clmmt speed. 

F*heRc and B o q e t  (198Sa) measmd tlmmiom and vorical gdiens of 

psniculaIc 0-s rmm concmaatioos o m a n  inraridA m-1 bed over formightly 

tidal cycles. Their dam indicated ihat f d  is oAen depleted edimmcdiately above m-l 

populadom and that waramovnnmt is critical in determining f d  availability for 

~zpcnrion fssdm. 

his ironic th thed- p w b  rate of nus&, n d y  aaoeiared niB  

d m  cvlnuh is one of the mat poady donmrnned arpssu ofcul- mvimmenrr 

(Newell. 1990). Maximrich ad. (19%) &-and modeled growb and modir). 

a c o m m & d m d ~ ~ n t h c W h i t C S ~ ~ _  T h q r e p n e d v o y d o w p h - ~ 1 1  

d t  of a &on paring -a 5 m o m k  and that annual lcogd~ in-enu of m-1~ 

and ducks n v m k  of m-1s wm a fvnerion of rhdr initial length md Be d w i q  of 

~ 0 l ~ m i 6 i a l r u b m a e .  

H e s s m a n n a l . ( 1 9 9 8 ) d e d ~ ~ a r a r P f t N m n e ~ n e m o f m u r x l r  

.W1ifu &fopm.iNMir, in S a l d a b  Bay, Snnh A 6 i a  T h q  repnsdrsdyccd gmn* 

ntra asraiated with fmd dcplcrion and- fwd dqlcrien the rpfr irmead 
wiB the age of m-h Mpndd fmm k Fmher, deocared mp spacing d w d  in 

i n m a d  feeding and gxeam madmion of water exchsng &ch &Ecd the food 

depletion rate 

In Ria de Arosa (Galicia. Spain), e q e k e m m  diremly on m-l ( m I ~  

gdf~P~DvI'~?rZfir) r)eulDrn Rfrs lmda d d  COndid00s of foad l-ty drmonmared 



rhat w o p  for growth (SFG) m d s  rhe fmnt of rhe raft was ansirrmdy h i g h a h  

a the back (Na- a al.. 1991) and mofnwd emphical evidence on p u n h  m. The 

c l c a r d i B m n ~ b e t w c m S F G v a l ~ m d a t b c f m m d ~ o f r h e ~ ~  

explained by p=rskenr d&mms in fwd ~ ~ t y .  Fd-ore. be% rahs 

woe mmred to a e g l c  pint and ~ d y  odenIed to& tbc 5-t YI rhat 

mussels near the point of ~ ( ~ ~ h m e n t  (fmm) alwp encomrmd food 6m redring in 

co*NnrdiB- in p w t h  m wi& a e g 1 c  rafr 

In Adantic Canada, Mallet and Cwrr (1993) investigated p w r h  and survival of 

&ree s i a  groups dmyrilid murvls from a commercial aqdw farm loeated near 

Lmcnhg, Nova Scoria l k y  rcp7.4 lour growth m m  fmm November m Februar). 

bul an in- in lhcU g r o h  in- with  OM efrhe mallen m w l s  cxhibidng 

rhehighestpwthnra. Therr\wmwcmptmdowhowmwthmtes-affmcd 

by &ties of animsls pmem in an mive murvl aq& operation. 

in overnoeked sizes, andit im idex  is aurefvl m- ofnmitive rmsr. 

Condition indices relate tbc amomt offlerh 10 quantity of &ell and have been uwd 

extensively for w r y  y- invisnti6s tbc commmial fishery and a q w u l m  

(Seed and Suchanek. 1992). In quadime. condition indices sem nw purponu. 

sconomic (m designare the qunliry ofa mahmipmduct rg, the seamed meax yield) or 

eaphysiological-m c k a m e r k  rhe appmnt M t h  of a swck or to smmmise rhc 

ph?rriologisnl activity cfmimh~mdn givm mvim-kt d t ioor (Cmrby  and 

Gall  1990). 

i%s% indifa may be uwd m fouow seasonal &ranges in gmo ntmim reserves 

or indicate differmca in commercial qrnlity (meat yield) of bivalve ppulnd- R- 
and Bminger, 1985; Crmby d Gale, 1990). 1narmdy by Rhsrarl td  Rice (19%). 

brh oy- d sops -ded m food W I t y  with 



similar declines in inmmmml punhas well ar codtioo index Funhmore. 

codtion index was shown to be the mos semiti= oftbe indices 10 change in ration 

doumsmam d is the preferred mcrhad of&g M t h  ofa population. 

In Pelom and Kencpllrv S o d ,  N e w  Zealand Hidrmaon al. (1991) mooitored 

m-l conditionat 12 commercial farms f a  aw-yea  p a i d  in -me to industry 

concerns that f o d  limi@on due to ovartosking was causing a decline in conditioa 

They r q m d  thar envimnmcnml dam psnlleled the condition data by rhowing &ens 

dong rhe length of& mund. A nudy by Hearman er al. (1998). with rafr-culturrd 

musxlr. .WrilurgoIIop~(~uiuici~~Iir. rcpaned that condition at the cater of rhe ohr 

rendcd ra be 10- rhan at cithcr end. 

To date rhm is no infomadon available om the do- condidocl of mussels 

on bivdve farms in Adanric Cam&. 

Thm an ongoing studies to deermine the optimum nockillg densip for shellfish 

f m  in N e w f d a n d  (C. Counnier, Marine I d n n e  of Memorial Univcriip of 

Seufoundland. p. coma), %?here has bee0 wty l i i e  &tion orrecord keeping 

to &tennine the biomass of- -1 on an opsradng riw. T k  bio- at r form 

is conrinunlly changing a secd is &erred bothm d h m  a site. and as enimals 

pn.. spnn die and iu pmdm Is bvmd 

For a site onncr. the focus is d l y  on the ~tnnbcr of socks or collems in the 

wara d &c toal qwtiry aWiIaLdc br I plsmt or in chc near funm Scant 

attention is focvred 011 carrybg c a m  and total biompa of aU y e a r c h .  

The umccptofcaMug caw&, origkdng h m  popularionemlogy. bar been 



uud in bivalve a q d m  m cdnm o p e r d o ~  rely oa wild -n u the sowe of fwd 

for the frmned bivdver. Conridering a eul- riteor IheWsh f m  u 80 ecosystem the 

carrying capaciry can be defined as rhe redmum &g sock that can be rupponcd b? 

a given ecosystem b r a  givenrime. Marhamisally. the cartying camcity, R b a trim 

in the quarion that deniber the logirtie or "S" *pi pwh NNS. where the ehanp 

in papubion sire. N, over time. T, b given by 

where r b the rars of in- and K is the maximum ppulationsize (Enington I 9 X  

Odum. 1953 cited in Smsal n d.. 1998). A t a n w d m  rite. @a capmiry for 

explo~mrion may be defied m the standing sock a &uh ~hs annual produnion of a 

marketable sohon is maximircd (Backad.. 1998). Hm, the son- of 80 annual 

yield has k e n  induced.  A basic rvle of exploiution k rluvmsdmum yield is obrnrncd 

h m  p o p u l d o ~  at leu than &um dmsiry (kk, 1972- eircd in Smaal er d.. 

1998). Tblu exploitarion carq4ngcqaciry may be &edm the 10ek M PI w!ieh 

mariimum yield is achieved h r n  a markmblc cohort If-mic consideratioos are 

included. w k  the god is to maxbise return an investmen. mkr than muimire yield 

of madietable pmducr then the emmmie c-g capmiry may differ horn the 

exploitation w i n g  capcity (Smaal s d., 1998). but m exampler wing this dcflnition 

were found in the lineram. 

Some dthitioos refaqecifmW ro gmwh ratr for orample Ta@q capsif? 

k the rrocldng dmsiry at which pmduction levsls are madmi.xd without nsgztivcly 

affectin= p w t h  ratesTer (Cmm d Mall- 1593) or Tawing apaciry is the change in 

pMh mjecrory for individual rnimpls u a Man of  stocking dendry (Gram s d.. 

I W 8 ) . w h o i n ~ s a m e - a l r o ~ s n o t h a ~ o 1 h ~ m I J d - ~ c  

mariimum flux of rnvswi cmbm biomass rluv ssn be derived h r n  p h y t o p l b - .  

TIe possible consqwnccr of owrmckhg o site irslvdc reduced p u n h  rau, 
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in-cd m o d t y ,  osgativc sffecrp ofbiodeporilion oa the bentha. slow recoon). of 

meat yields nflo rpa-g and weptibility ID d i i  (Grant a a l  1998). so a 

rearonable estimate ofcarmiag capacity is a m  wful measure for rhellflsh 

a q 4 -  p d u s d o a  Ikpm of carrying capacity admatiom for shellfish fanns 

wing rurpmdedsulm sy- date lmmths early 1980's (Inue a al., 1980; Incren 

al.. 1981) and the gowh of the rhellSJh culane i n d m  world-wide has facilitated 

num- invmigabom since lhar tima. These kmsigatioos g d l y  focus on food 

quantity. quality. d other -on e k a a & r i a  supply and demand feeding 

physiology. and physical factors nrchar omperawe. deprh water flow dyMmics. with 

d l  pamncm integrated oyermual cyc1~1. Some of ~ more complex models (e.g.. 

MUSMODw. Campbell and N-11 1998) quire o w  50 initial input paramemsand 

forcing hnioos.  There hnvs also bxn mmpm w edmatc cmyingcapacity b m  

mlarivcly few basic inpurr (e.g. C - d  Mallet 1990. Grant d B e h a  1998. GIMc 

1999). Thew laner anmpler ace potentially useful in rire wernnmrs whm resourccs 

do not pnmit major nudia involving many collabomm. 

Carrying capacity nudim m y  bc lmm atrophic Isvcl pcrspcnivc ar 

either l o p  down-or-bomm ypYP ( h t  a al., 1998). The top doun appmeh is bawd 

on an airring m-1 yield. and ertimater the phymplanbon food supply c o r n e d  

(In- and L u e  1980: hcre et al.. 1981: Rownberg and Laa. 1983). The bortom up 

appmach me- phywplanhon pmduction adwater  exchange and ealdarer the 

pocmtid pmductianaf m-1s M o o  principles e r e n e w  flow W o u s e  and 

Rodca 1987: Raillard d Men- 1994: Dowd 1997). The lautr approach may be 

broadened inw a whole ecosystem study to include other potmtid comptitors or 

p h ~ p l a n l r c o  sib. Far example, with raft Nmmc ~ f ~ t i I u s p ~ I o ~ m i o l i r  in the 

Benguela system d S E .  the wtd pinmy pmdunioo ms partitioned 21% w 

m u w k  7% m biofouhg agmims, 24% w m o p l a n b s  4 41% w -on 

feeding bemhic o@, leaving 8K ar a m p l w  (kmt n al., 1998). 

-Urn f ~ r  m o d e m  b k d ~  m g  -ty rummnriwd 



by S d l  er al. (1998). who present abridrynthesir of thc results of an EU-sponsored 

-Carrying Capacity woaishop" UROPHEE) held in October 1996 at Plymouth (UK) 

(Bayce. 1998; G m l  and Bacher. 1998). Cornmoo f e a m  for cawing capacity models 

b c l d  feeding physiology and w o p  for g m d  ( k  am fmm bg& radon 

available for g m d  rsmaining aftsrrrrplaroty. excmay, and fgsal lo-), spawning. 

and morrality. -men1 and mmpdtio~) with o h  nupewion f eeda  has be% 

included in some studies. Fmd rupply is dculnled h m  primary pmdverion and 

mmnime -ion with k f-quiring meanmr ofnvrrientavailability. light 

ancnuation and temp-; fwd delivery alx, qu i r e s  hydrodynamic rubmodeling 

h i r e  minimum q n k m r n u  for de t emihg  -ing rapacity diRm 

drpnding on the scale of Ihe mdy, i.c, I d  n e c o w N m  (Smaal n al.. 1998). The 

loeal d e  model c m  be used ford= selcnion and density optimktion and is -d 

within an rows- d e  model. Local d c  models include variable such a water 

velocity gradimfl, advcnion rrnupCsi04 wpeoded pmi&e m a m  (SPM). 

chlomphylla concatration &ed d m i u ,  umpmnxe. r-a salinity, owgem 

concentradon rheU la@, dr), MighS filtratim ingenion. atsorption rerplrarion 

excretion sorage. gsmetogeneds. wed rtocldng, cohon size and age, morrality. 

hamming, and total sock dre. Ecorymm d e  models quire. in addition t%riablcs 

r c l d  ro prim? pmduction such- k supply of limiting n w i e n ~  mindisat ion 

comptition for mourm. and an mu0Iing of- flow to Ihe -om rmphic levell 

and populations b thc eco-rn. 

Fmm a practical pzqemive, rel16vcly simple nppmachcr to rhe dnmninarion of 

exploietian c m y i q  messit]. ax prefmed providing Ihe ourno- are ac- enough 

to predict thc harvcn w i t h  m d y  -&Ie m n p  of wiability In Atlantic 

Canada rwo rueh appma~her r h o w ~ ,  dose of CWCT and Mallet (1990) and 

Orant and Back (1990. 

In the mdy by -1 and B a c k  (1998). P &I of feeding hehaviom uring 

simple f n m W o w  a f k  he b&a(smkdcal model) aras adequate o simulate 



poua which was m d  at .NOW Scotian p w - 0 ~ 1  dfe ID YBlidatc model 

pdietiooli. l k  energy budget wrm fornulared in ternu of ingestion, POM. and 

absorption &simn/. and trspkawy CON rum ertimarsd fmm li-NR valuer. The 

avthor. f o d  thar 16ir model sarisfanmily predicted pd in envMmenU whm 

-on values wcr. nor-me (eg. highmbidiry). Tkq also w t i ed  wnritiuity 

nonlyris to critical -bla relared to * w o n  efficiency w idsnt@ rhc more 

signifimt variables in terms of accl~acy of rhc owut of tlE model. The modcl 

indicated rhat m o o  depledon cawed arehively steep duction in p w r h  mtc. The 

g o d  pnalty redled in a pacer vnri.nce. 46%. ( c x p d  ar caefficientofvariation 

( C T )  in the h e s t a b l e  mcar weighr (Grant, 1999). compared with the CV of 25% 

&ling fmm variation in initial swtoskbg wed size. 

Since uniform hsrven ria is a dcsimbls o u t e m  fmm a f d g  &vc. 

oprrmal pmductiom s m q i e s  should minimis variarion due to s swn  depletion fmm 

possible ovnnaking. FwCxmorr CV, which is easy to d d .  may be a very 

ureful indisawr of site pornrial. 

TWO m&o& for sim%ing saming capacity or nockbg density for bivalves 

lmUS*h and n d b p ~ )  in d inlcD ha"= hem d-'bcd by C ~ e r a d  Mallet (1990. 

1996). n tidal cxcbngc model and a fwd depletion model. in the tidal exchange model. 

fwd supply is calculred from memxremmuof tidal -hang and POM. and fwd 

demand cnimntsd fmm cxprimnr prformcd in me field. Fwd supply divided 

by fwd demand wrm lusdar anadmate of carying capciy and calculated at weekly 

intervals giving a m g e  of values &g d l y .  

The fwd depletion model carying B@V bswdon tbc rate a which 

fwd is d e p l d  tu it mom thmugh ad=. E x k a e s  ofnmcm Bow. fwd quantity a d  

6lmtion rw as rcquircd rogetbcr with n critical threrhold valve for enon depletion 

uwdwid~tlEhemNxlrdaorcaryingEapafitythatesnbe-mded 

without ad-ly dfeoing p w h  -. Rimsry pmducri~n vdva M not q u k d  for 

rhnc rwo mod&. 



The tidal cxchsnge model has ken applied to w e d  siV4 in N n v f o u d d  

(Dabinen and Cl- 1993; L a m .  1996). bur the predicted ewying FBpscitin 

bvc mt y a  t e n  d d  by d p m d d o o  rtaddcr 

This d y  od@d in 1994 when the opecams of a m-I farm a1 Fommc 
Harbour. Nom Dams Bay. Nnwfoundland ((a long. m w  c l o d  anbawnt)  rsponcd 

that gmwb rauer of mussels on the site wmdmppinp, d t i n g  in a Iongerbe ID reach 

hsrverrnble size. 14 monh h m  1987-1993. and 30-36 monhs in 1994 drpnding on 

location within the site (Lawace, 1996). The -r could have ken due to inter- 

annual envimnmenlal variation or rrocliing dmrity inex- ofeam/ing capacity. 

The rite management provided dam on Iceaden and density of long-Lines w e r  the 

I-. appmximacr m u m b m  and I-tionr ofthe hemhorn of three year clsuer 

pmenting newly socked year I web y e a r m  and year three musYls a d  m u d  

harvest bio-. 

Tlw objectives ofthir d y  WE m i n v d g a s  Uls ewying capscity of the rite. 

and the relati- food repkemenrs of each year e k  of m w e k  to pmvide information 

for management decisions 

I .  To dnrn'bc the site in general hydmdpadc teniis ~ 1 m t  to fmrs &&g fmd 

lupply. 

2. To m- -1 gmunh and condition indices at arh a d  of the site, rermd the 

e n - a n d t h s ~ a n d a t w ~ ~ t i n g t h e m ~ ~ o f ~ ~  

P-L 



3. To collect or assemble available data b rnms ofTPM POM. PIM, chlomphyll-n 

rrmpsaNre. salinity, yearelaw smcme, hwa MI- and m a d r y  relevanrro 

camins -.pacity demmindoe 

4. To determine ifthere h a do- depletion of fwd on an o p d g  mussel culture 

sire. 

5 To determine how much muse1 produedon can be supported by the fwd nrpply and 

"dal v01wnc. 

6. To make predictions useful for suminable pmduction and dre management 



The commmial m-1 farm (49'52.N. 5je17W) ured forthi9 rewarch project 

(Fi- I) is locared on the mnh- corn ofNcwfomdland qproximtely 70 km n o d  

ofthe Tm-Canada highmy on muu 352. The 53% r e f 4  to as Nonhwm .Am% is 

adjacent to LC commvniry of Forum Harbour, None Dame Bay. The sire is I d  d 

l i m e d  to Atlantic Oe- F m  LimiW which also operntcr am-1 pmsersing plam 

in Fo- Harbm. The sire is lngely enc l od  by land drh m mmw a)-- a1 

the r o d  (4W m wide) and rwtheast(100 m dde)  a& of h e  site The routhean 

opeaing is very shallow (2 m) and only ravigable a high tide. The liscoccd arra of lhc 

dte to& 87 kctam (I. Ward p". mm.), although this d c e  not include 10mc of the 

rhalla\wr areas rbar are mwitablc for q d a m  The total d a c e  area ofNonhwcn 

. A m  is calculated to be I06 he-. 

h sanduniviry, rcmp"m, depth mctrr(Cm, Seabird El-nio fnc.. 

Washingma LEA) was wed to m- ths various envimmmmd variabls of thc mtcr 

column at di6-t ha  throughom the w y c a r  d y  p lod .  The r c c o ~  d 

a -our d m a  of day and diffmt aagsr in the tidal cycle. lie mew was equip@ 

ufOi a fluommeter tom- cblomphyII~~ macmaatioa ClD dam was p m c d  

using Surfer (Wm 32) software, vndon6.01 (Goldm S o h  Ins. Colondo, U S A  

1995). 

Vdua  for UIZI pziculnc mnna yrpht) and parriculate organic mamr (POW 



F i m  1. Lodo11 ofatudy ruts, 4P52'N, 5 W W .  at&'* Ifabm, NWr Dame 

Bay, NlwfnmdlsaL 

~ o b a w u d f m t k w ~ i a ~ U l s ~ ~ ~ ~ ~ c a l ~  

~ C n  and Clcmra.. 1997. h Od.,2000). 

TO PO* a ~on%-taU mDLIM Of teqmmm, thamograpbs (HOBO' - Temp, 

Lagap, aim C m m u  Caporafion, Pew.% MA, USA) wa 
tolhcmanliaratlm&15m abihendsofrhesltc. Thac-hwacsct 

t o m t c m p a a a a r v a y s h  

TO obtdn mcammm& of cutmu spacd in the vicinity of nrprlnental a 
~ t ~ ~ 4 r ~ l r r o l r r O ~ 6 4 ) w n a ~ I ~ ) r e d a t ~ h c n d o f l h c s ~ t c  

fm24-how mNmrambe 8 9 , 1 9 9 9 d N ~  16-17,1999 n * d e p w  were 

t l m e d ~ o m m c i d e w i ~ ~ n c r p 6 d w I m d ~ ~ f o r ~ p s v o d .  Metnsmresecmcd 
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by aconcrrre weight l o w e d  to the a s c ~  bamm and held bwynnr by a rubrurfaec float 

tied one mcm above the -nt metee. Ibc c a n t  mctm were rct at k me- 

below the surface, adjacent to the heiw ofthe &end so&. 

Two long-liner, ooeat the routhem en- 10 Ihe sire and o m  at the nonhcm 

end ( F i p  2). wm i d e d  in October 1594. M-1 roeb (24). 3 m in Isngth. were 

nupended fmm each of rhex line. The 24 soeb included 12 rcclo of wed rnlrsn fmm a 

rite adjaemr to W m  lrlaod TMity Bay (mean rhcU length 327 cm). and 12 rocks of 

seed originating fmm Roti Bay, Bay D'Erpoir (mean shell length 1.44 on). on the South 

Corn. Six xrks w m  suspended naning at 2 m below the heace and 6 m s p d e d  at I5 

m fmm the hem. To determine if there wiu a difference in the growth, the rcclo were 

filled to a density of 500 wed per m e n  and a m k d  at intervals ofO.5 m dong the 

mainline. Tbe Random Island s d  war tnLm fmm collectors in an aquacul- rib in 

Long Harbour, Random I s h d  Trinity Bay, which is rituatcd on the north end of h 

hW. The Roti Bay seed came fmm Aflnntic ralmm cages 4 in m e  aqu~eulflvc 

indumy in Bay D'Elpoir The long-liner were -ded wing 41 m floats, I for s v q  

3 socks. ALthou& rwo wed $0- wm ured in the mtdy there wiu no comparison of 

p w h  based on reed r o w  completed sthe W m  t r h d  wed was much larger at 

the beginning of the sxp"i",cm 

Musrcb - rampied six (6) timer bmuees October 1994 and Onobcr 19%. 

During each rampling muruclr wm c o U d  fmm the top, middle. and bottom of a c h o i  

i r o e k s o f t h e ~ t w e d r o - . n d ~  Eacbsockwarmsredasa~epme 

sample and muusis fmm dif?errm pans ofthe rock- pooled and tbkq (30) 



Fig- 2: Locadon ofthe sampling h o r n  ar Formne Hsrbw. A = rhc entrance to & 

sire B = rhc old of thc dre. C = the entrance to the own OC-. 

animals wcrc hnpbandv m o v e d  for analysis. Individd m-1 shell l a &  (L) 

width IV. and height 0 WE mcordedro the mamt 0 . 0  mm using dim. 

Condition I d a  

T h e r n - ~ t ~ o f m ~ ~ ~ b o f s n s h ~ y ~ c I n u ~ ~ f o r ~ ~ i n  

bianars calculations Addurn mracla were cut rmd animals - placed wim their 

u m ~ e d ~ o n d s n r p a p r m ~ ~ w i n ~ ~ ~ t o ~  Tususrwcrcrhm 

di~sscrcd and placed in apx-weighed dvminmm p for Wing. Both d v e s  n- placed 

rogcthn in n pm h m  the ds-. Pam - dried s1 70DC undl EDWI M~&L 

~ k h n a r r n s n n m d ~ o ~ ~ O . W O 1 &  

Ccditiom Index [CI) was c d d d  using D fonnh hi by Wahe aod 



M- (1973 mcb thar Cl is a ratio of &.me dry vveighf (Wt) a d  the dry e i g b  of the 

shell (Wr), rr follow: 

Using dcy drmc weigh obtained forddadon of the condition i n d n  the coefficient of 

uariadm for mmuml dry duuc weight- d d m d  uMg me fornula 

Coefficient of Vaidon (cv) - (Standard M a d o n  I Mean) x 100 

Cdsuladon of biom- war done wing a combit ion of data o b W  from 

company records. data collected h u g h  the m- of this pmjm and satistics 

submitted to the Dqmment of Fieria and &dm rr pa of the heul li-c 

mual. This i n f d o ~  war wsd w dctemk 1-on and bra- of* t h e  year 

clarwr @ear I. year 2, year 3 c o h )  -t d-g tk heaunnn o f f  year thmugbougbout 

the pmjen 

The rite opworr pmvided a &of the lacadon of all deploymmts md 

rrrrievds of & and collaorr.  on- recoded @ line ovmk and 

corresponded ro a line n - k  on a  ma^ &an maintained by the m m p y  Figme 3). 

This in fodm ws wsd w dnnminc location and m b e r  of co l lmm and =lo of 



each year class present on the site ar any give0 rime. 

The sire op=mm deployed & that- i m long and filled at ameag density 

of 760 muuclr per mcm. Fmm himrical pmduction fi- obtained from the 

Dcparrmcnt d F i r M a  and Aquaeulnm. and number of urlu h n e d  fmm 

company recards the average yield pcr rock urar calculated as followr: 

.4nnual pducdon k) 1 n u m k r  I& b w d  = yield pcr d (kg) 

~ s a d m n t c d t h e y i e l d p c r d - t h C m ~ b 1 5 % m a c m u n t f o r m e  

m d a r d  0-k of each shipmemat the p e r s i n g  facility m a-mt for weight lor. 

rhar ossm during wasit m & The p a M g  ki l i ty  does not getcomprua~ed for 

us volvmc of pmdvcr and it is notmutincly reponed as pmducdon. In caldariom of 

bio- for this d y  MI cnrawciglx w s  included. 

.\iunber of M m I r  in a Sock 

a icinal wldng d a s ~ t y  of me &was appmximmly 850 m k d s  pr mem 

in a 3; m .ccL for tbc +M opradon (1. Wad F. mmm. Usin8 the a v w e  

yield pr rock for this company, as h v 5  tk number of mvzreLs in a xrck 

hnrvsn was calculated Fmhm. the number of m-Ls in P m k  I2 mo &er in$taJlatiom 

war calculated as foU0w: 

No. at 12 mo =No. at 24 ma + (W density-24 mo density124~12) 





To evdumeIhc cmying capcity of t!E rite, three diffmc modeling tcchoiqun 

wac wed. rhe 6mnw bdng the tidal volume am-h aodthc food depletion appmaeh 

described by Mallet and C- (199%). The food depletion meIhod is I mdfication of 

one method d by Rormbeg ad Lm (1983). T k  third technique aseses q i n g  

capcity by calculating the ratio of food U r n  food supply (C- d Mallet. 

1990). 

lido1 Volume Merhal 

The tidal volume method anerwr ca-g capacity on ?he bask of tidal volume 

of water entering Ihc site d ability of m-Is. b d  oa firration rater to deplete Ihe 

faod supply in rhc incoming -. The method assumes aeomplee U : E ~ ~ C  the tidal 

volume on each cycle and I!xrefore ~qlenkhmm~ofthe fwd supply. It addition it is 

= w e d  there is no phacy produnion of fwd within h rite. 

Tbc volume daratcr entering the rite- cdcularcd wing I 1:25,WO wale than 

LC-1520. published by the CCrmsdian Hydmmhic Senice, Mininnof Fidcric. nnd 

Os- Can& Tidal height d were &embed uring data hom Ihc Canadian Tidc 

d C m I  Tables (1994-1996). Atlantic CoM and Bay ofFmdy. Tidal heighn urm 

d c r d  for Ihc hcfcfcrcncc pon St. loWr rmd then s o h  for the rite umg Ihe 

c l o r a  reeondu?.po~ Explo~rr Uppcr Hattan. 

tiring the of* map, &C - -3 ~ a s d b y  me adrs map wz 

dsulnlca The page v m  then weighed ad the area u ) u ) a d  by d c  quaculm nte 

cvr ovr and weighd Thc - d t b s  rite aw thm cdmhted p1 foII01vs: 

Area of Ihc rite =(weight of ritchucight of mdrs map) x area of map 



F i m  4 A nos &on d a  rite to iUlurrau bow it was mbdivided for the p- of 
calculating volume of nwr in the site. Each symbol. Pd represents a 2 fathom 
depth conmur. Thc valvmc in each rscdon war caldared rcpararcly. 

The arc was cur our of*= chan by depth WIOM I 2 fathom inma11 (Figvrs 1). a 

ehan depths mere reconled in fathoms and the areao fah  rnnfourdemmbd as a 

pmporuon of the c n h  site on the h i s  of i -  

=mered by rhe sire. The nofnce area of-h -tour was multiplied by the m a  depth 

of each rnnrourm dmaminc volume. Volumcr were then d to give mral volume 

ofthc w e  I m- low tide. 

The tidal doring nsprkg ddc and a mean tide w m  d e m m k e d  b m  tide 

rabln. Tbe vol-c ofwara added 0 the sitc doring both tidal war &mared by 

multipl?ing the tidal l p l l ~  &er by the heroral acl of the sire. 

Usins the tidal volumq the Impmoftimtim if taka 10 u c m e  the e n h  volume 

of the rrte (tidal exchange msffitimt m) d the -rage of rhe sirs that IS achangd 

(dilubon fanor (D)) doring cnsh tidal cycle - c d m h e d  as foUowr: 



where r low tidcvolmrm+ p= imdda l  volume. P tidal prriod and 

The proportion of incoming wum filcacd by m increasing d-ity of m-Is %%s 

dcccmired wing the m- tidal voluma and pvblirhed Slmtion nter for this rpccm. 

Filmnm mer w m  ob-ed fmm l i m  vll- reprted formuuclr vnder ambient 

Ncwfovndland cwditionryur I m-Is fmm Mooney (ZWO) md market drc ( y e a  3) 

muswlr from Thompaoo(l984). The 6ltndon rare c f y u r  2 murwlr war estimated 

using dry tl-e weight h m  this d y  md dry ti- weight and filmtim * I d  fmm 

%mmre Y ~ ~ U L U C I  wing the allwcrric cqmon rrl.ring filmrim IF1 lo weight (W). F= 

am*. md ploning log F egainsr log W. 

Filtndon nra were convared u1 m'/mu~yVtidal cycle. The volume of warn 

filtered d m g  .tidal c y l s  was snlsulnrcd bymul@lying h e  filmtion mu by the densip 

of mussels on sire. The p e n t a g e  ofthe incoming warmthat 'YBS filtered d m g  a cldal 

cycle war ealeulared for various mussel densities. 

The fmd depletion mahcd of asssuing urrying capacity. m ima t s  rhcdecl'ic m 

food concmdon ar w a m ~ a  thmugh rite. YMg estimates of flow mcr, fmd 

concm-4 a d  6ltndommes. Staldng density is d &g fmd 1-Is 

(expressed as carbon) m~be allowed lo decline beloo ksdticnl mhimym value 

quiredmrupponpmh.Ikmhimum&qukm- Thismnhcdassumathnr 



27 

all muuelr at the en- w the sitehave fun access 10 rwd on m incoming ddc d 

rnmcquollly that the foad love1 is mimed u warcr moves h u g h  thc sife era measured 

c m r  s p e d ,  and f d  is pm-vely depleted 

To sal& dsruities of rnuuclr filtering the incoming-. the sir5 w u  dividcd 

mro p u p  of ten liner k g h i a g  at the m- w the rite. 00 the baris of nandanl 

mnnsgmrnt pe t i ce  for chis sire (1. Wad, pm. unnm.). rhs following suumprions were 

med: 

-XrbweresaO.Smapm 

-each roek w u  3 3  m long 

- the longlines w m  -29 m apm 

rhe number of m-!s in I newly seeded year I u rk ,  Z year sock and 3 year 

rock wers XM), 1550. and 6M). rrrpesrively bared on enleulations in the biomur -on 

d - i  above. 

The number ofm-Is p-cnt in cnch goup of 10 limes arsr ulcvl~(ed by 

mvlriplying the numberofXrb of eachyevclscr by the dm!cyofmmrelr ma  sock of 

each respective yarclarr. Tbe average depth d dinnnce asmu rhe rite wmin each 

-wup of 10 liner was ertimwd b m  the hyllrosraphic chur. The oumbaof mussels 

perm' within the p u p  of 10 liner was splsulatcd u follow~: 

No. =No. p a  p u p  of I k s  I Ion& spacing 1 length of the IongIimc~ i P P C I P ~  depth 

The mean fwd densiryon the bxoming tide. meamred u both chlornpby1I-a 

soncmrmrion d p d &  organic mstrcr(WM). was-wdu c& ming 

convmian 6cIors. ForshlomphyU-o. aC:chl-(~ ratio of40 arsr wd This d y e  is 

aiIhio rhemgc of d o $  rep& by Widdow CI aL (1979). Clocm SL al. (1995). m d  
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GaUesor and Vant (1996) at 21.5 10 46.6 mg C I (mg 5hl-z). 27 to 33 mg C I (mg chi*). 

and 54 mg C 1 (mg shl-n). respetivcly. Ra6or within the range d - i  by Callegos 

and Vant (1996) are c-dmd to be w i d  of healthy. nurrirnt-Nffleirnt 

~hml . .h .p  

To c o n m  POM to pniculatc 0-c csrbon POC). aruio of 1:0.38 wac uwd. 

obraincd h m  G-t d B h ( 1 9 9 8 )  for* Nova kotia m-1 fum rite, md deoiml 

POC=mtalPOC-&l-aC. 

To &mate the rare ofdeplnioo of fwd (C) ac iI p w e s  IhmuC the sits the 

following formula w used (Carver and Mall* 1996): 

C(X) = C(iitial)x el'-- 

C(X) = cabon  concmaatioo (,.#@I,) 

C(initial) = Cabon entering the rite (,.#@I,) 

f- fwd demand (filmtion rn (m'h r dmsiry (murxWm3)) 

"=flow rate (mm) t b u g b  the rite 

The minimum carbon requirement formuuck war d ~ l n r s d  uring a formula 

fmm Lucac cr al. (1987) as follows: 

Data for % co&on snd AE wmemkm h Tho- (19844 fora population d 

mvuels a Bcllcvvc. Trinity Bay, N e v f o ~  



Thcrhird method of m a r i n g  cawing capacity dNrmina nosldng d a y  

b d  m the ndo of food supply in =Isdon 10 food hand This m& u or dcwnbd 

by Cmer and Mallet (1993 uvith I mcd5catiom of the paramma TO asses r k  ratio. In 

the p-t d y ,  fwd wsr m d  both in e m s  o f ~ o n  c h l o m p h y l l - o n  

(CID &m) nod rr r a o n  pudsulate orgmis muta(POM). 

Fwd rupply IfS) wsr salsvlnrcd or follows: 

fS= wel i ly  ridal volume (Vt) (m') I Chl-o mncenmti011 connmed 11 m p n  m POM 

where Vt =no. ofholm in a week 1 length ofatidal cycle x mean tidal volume 

The m a  tidal volumc was as d-id above for the tidal volume appmxh s -sine 

c v g  capcia. 

Focd d m d  (FD) ( m w ~ )  per kg of frrrhweight ofmvsrek wsr calculrrd as follows: 

FD = filpltion rare (Uwk) x no. ofmurreWLg x Chl-o ImgIL) or W M  

The number of m-l in a kg is calcvlated lr perthe formula in the bio- section and 

based on a6.35 cmm-I. arbich is the h e l c r i a  fwa mada m-el (I. Wnrd, prr. 

somm.). 

Tbc c-g capacity (CC) - u l ~ l m c d  or fobw: 
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