












Univ
ers

ity
 of

 C
ap

e T
ow

n

- I 

at 

as 

is 

not (1p,crrp'p at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

constant 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IV -

wc.rKllng on own ... 



Univ
ers

ity
 of

 C
ap

e T
ow

n
west coast 

on west coast 

west coast IS 

on 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER 1: INTRODUCTION - 1 

1 

as a most 

IS one 

west coast 

to 

west coast on 

' .. H "'".U ~J 11 (l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 - CHAPTER 1: INTRODUCTION 

s 

NAMIBIA 

SOUTH AFRICA 

E 

et (1 

The 

to a 

serves as a 

et is not as "'''T ...... ".,,''' 

et on a area 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Table 1.1: area 

the west and south coast 

are 

is a 

(1 

areas. It is 

a 

current can 

west coast. 

arm 

two 

1 

CHAPTER 1: INTRODUCTION - 3 

a 

arm 

6 

4 

current 

for 

on 

.... u,'U.Jl:'" to 

and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 - CHAPTER 1: INTRODUCTION 

Current 

Currents 

1 

1.2: of the circulation 
r",t,<>nl',nn and loss of sardine 

1994 and 

IS a counter-current 

1 

waters is to 

"{"\'·H,,o·1"O,,, ... 1" water mass west 

coast at eastern 

waters over 

near are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER 1: INTRODUCTION - 5 

L;;;, .......... " water onto or 

et 

across 

east to west outer 

west coast are 

1 <:I1ITI'npr movement 

act as a .. pt'~nt. 

..... , .. "JUU.,;;;,,, et 

IS more 

west 

coast 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6 - CHAPTER 1: INTRODUCTION 

on 

are 

1 

was to 

west coast 

to 

to 

flow 

more 

et 

west coast. 

even 

an 

to recover 

van 1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ClL"I'n£lt I: [I\'rR(lJ)l.ICnO."· 7 

S~rdme d" nO! "rI'''''tr In h"ve a li>.~d sr~"'nmg are~ ,mel "p"wnmg has l'X:c n rcported along 

:>In)(1,1 (he en[;r,' r:>nge of tile '1ock (Amkrs 1'J75" Armstrong Cl aL 1991. Burang~ el ul 

I,)')')), Llkl'\QSe th~ sardmc ,pawnlllg >CUSOIl b CX (l'n ,lve. 0~~111Tmg ye~r I'ound hlL l ""unly 

fronl Augus[ 10 iat,' \"'r~h (Amle" 1975) "('he m:>lll sp~\\-'ning ,cason Il"s (wo peaks: 

S~rtcmhc r·(klOhcl' ~nd Fc hruary·tl-Iarcll (\'an dcr Ling,'n l't ,,1. 2(~ Ill. 

S,m\ine ,p"",n along hoth Ihe SOllih ~()ust ~nd tile we". ~o~st (I'ig, ),.1 il). SlIrVL'Ys 

~ondll<:tcd !TOIll I ')50 to I 958 (prio l' 1(1 the co il <lflSl' of the Sa rdine lishery1 bet '""~~n Llln h<;rt ", 

lJ<lY and S,,)d<lnha Bay found sardillc cggs to he ahund,mt up 10 75 kill offsh(\re (Sl~HmOI1 

1999). Ex,lll,i""tlon Or,,] lime ,ni~, ors",-d,ne egg di , tnbut'OII and ahund~n'l' ", Iledcli On 

routine ",search ~'-lIi,~, (U,trJ11gC ~t al. 19'N" Uc~klcy and \-an dcr Lmg~n 1999. \'Ull der 

LJIlgClll't ~1. 20( 1) ha, sho\\n Ihat eggs arc c0l1l1l1(1l11y (lund we"t o flh e Cap~ I'cninsul., hut 

r~L'l')y all'nd fUrlhl'r Ilorth than HOlldel.:iLr I,lay. For egg' ,pJwncd Jlo"g the wc,t ~l)~SI 

'LLc~e,"(ld renUlimeni do,," nN r~'-l"lfe em~icnt Ir'H1>port. hut "tth l'[ aVl)idallCC or ofishorl' 

a,l\~~lion and 101' thl' cgg, to be L'l'ta incd WLlhlll Ihe nU"~L) areu Egg, Oil Ihe -"1ulh ~OUSI 

(c"d 10 be (llLnd eL ther we'[ pr c'USI or lhe AgulhilS Ib,,"" ",itn f~w in the ~~ntral "~gion" 

I hough t h<; rei ,11 i \'c co"trihution of l'ach Sl[~tUIll V~r1C, )!fCdt) Y 0\, ~L' thc ];:ng[ nor the 11 me 

.) 

:6 

" " Fi-:j, 

Soulh Atr ea 
1\ 

, I 

B A 
c )OJ 8X ((" ' 00 ' 00 :>0 

"6 L 8 l( 18 

1,3 (1\) Comoosile ,ardine deri~ed from 

collected curing 'paw~er b:omass surveys over;he r:-er.oo 18114-21l(X: 'y,n de' Linyen ar'ld 

Hugget: 2DC3i lIl1d (81 changes i"1 '~i~:"bullon Datle",s of sllrdi"le eggs thcough time showil1g 

Ihe percer'llaye ot lolal "'JY r'lumhe's hy ,1,,\lm1 COr'llo<"ir~) is used 10 inIWpO,J:e be:v.'ee"1 

years al1d strata Th e verlicalli"le 'l1dicates tr.. arrrox'male rosi;ion of Care I-'o<~; lupcaled 

rrom ~ar'l der LinqB'1 e: al 21l0~), S;ra)a: 1\ = wesl CO,",I. B = sOldw.'esl coa~t. C = _"er'1 

Agclhas BJl1k, 0 = ce"l:rJ; Ayulh"~ BJ"lk F: = eJs:er'1 Ayulhll~ BlIl1< 
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I nforMoti(~ 

. . 

rodynomlc 
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,,,,",,""",,,,,, 11 "".'01> , 
2 \/elocity tie d (u, v ano 'IV 

1vector~) uno te rr~peruture in 
'; hvo-cJoy tiMe steps 

IBM 
Experiments 

Sirnljlefon re~uits • , 
" " 

2 (Recruitl:'lent success) ~ 
".,.,,;., " ,,,.,, " ' " ,,,.:~; , ' " ' ,'c., .",,, "" " ,'0 ---- -- -" --'--

IGeneral linear Models I l l,--_s_t_a~ti_'t~ic~a=1 T_e_'_t'_-, 

f- ig 2.1 f-I~woha', ~f Ih,c nclhuuul'.'1 cal ;lr~lru a,"11. TI.,., PLUME ncAl" was fUI- indepel-del-t'y ~fthis 

"l,lUY :p",,,,,,,, 2(00), when, '11ply u,eJ it, ~":Pllb 10 rur 11K ird;v'·ILJal ·ln""d ,,,ml ,, ::IBM) 

,imula',lo,," 
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ill res~"rch ~l1d mallagull~lll 01' ['.:lag", li,h :llO~b, RecruilinenT hns pw\cd 10 he ,'peTiaily 

dllTkul1 10 mmld (Frank 1"191), Thc r~cru t1Jl1~m of 'Lllail pelo!!ic' fish IS dl.1r~U~n,~d hy 

lorge 1)ll~rallnual var;ab1l11;' (Sis"<:11W11te 19~'t Smllh 19S5) und thi, ;s one of lh~ pnm;lry 

:<ourc~, of Llnc~rtlinlv i1\111011Y tI,h(·ri~< (C"rk~ 19S0, [)ouhl~day 1%5). l\ :< li:< illllg ,)ti~n 

Ixgn" r.dor~ r~"nLlllllCLlI for lhc ,,,oson j, k.no\\'~. ;lIcr~aSll1g the kll,,,,I ~dg~ oj " ,Iwl 

reg" I:lT'" r~nlL 'lm~l1l I"" loltg ~~lt alt aim 0 f li"il~rln mudd I~r, ( v .... ,)Oq~)' and Il,lIley I ')S'))_ 

TradillOll:d stNk nl"n"getll~nt models e~"mine \\"lwie-Sl(Kk p"pulalioLl dynamics ba,,'d 

011 some c'oml">(;n,alory modd of lilc sl<xk "re<'l'll itment rdillioll_,h 1]' (t kalh and Galkgo 1997)_ 

lllil 'tl1C~ Richr (1954) alOlI rkv~rlon ami Huh (1957) ~:ltabl i s hed lh~ gen~r,,1 :i-amc\\ork ti,r 

Ilwddl;ng l'~uujt)l1ell1 ctY":I111i,s, it ho_, bec·,)m~ ~kar lhal ~nvirIJ!lLIlcnta l ra,' lOl" Carmol lx' 

IgLlorcd (Sh"Jp 1%1. Sharp ,111.1 C,irkc 1<)::; ] ) rv10,t pel""i<: CILlI",o,d iish sl,,,,h spawll 

!lL""l\' ~ Llulnkrs ofcg~, ovCr a WIOC , pnti nl nnd temporal rang e, I'h~,~ eggs cte \~lop mlo 

plaltklOLlll' larva" lhal I",,~ " high ll10naillY ratc, both iLlilerent and Ill iluerwed by 

~l1\'JWllnWltl~1 uH1dilion_, (Hla,tn and HUlller 19S2, Arms lroltg attll Sh~ll(}n I'ISI(l'I. I' T~SCIl1 

recruirrnenr tncldels "r~ largdy hased 011 the prinCiple firsl _,tated by Hjorl (t9 1-+) ~hat 

differe ntl<lllarvollllOlT:ility gives ri,~ to v"";lbk 1'~'n!1lmenl, Th~reJore_ lhes~ mo<leis liK"uS 

manti." 011 iacl<Jr~, h<.,th CIl\'lrUnmCnlal altd bLOiogicnl, Ihallni1ucnc~ iarvallLwrlaiLlY, 

Since ~ach illdividu~1 ilas ~ lllHque spawning origin and tl'ojectory in time ~l1d sp,,,e. 

ccnain ii-action, of th~ pop uiatiolt m jglll hnvc cnhnnccd probu bil iti~s of ,lin 1\'" I comp"red t,) 

mhcr_, (Hcalli ,uOlI (jalkgo 19(17). In pnrtlculaL e,rCul"llOn featurcs cuuld Ix; impurtnlll in 

<kk1111 lmng r~laliv~ slLrvival probablILli~_, amollg diif~r~nlmdi\'lduals (Hln~kl~y ~l al 1"196), 

rh~se ,on act directly. os in th~ ,ose when ~a rly lif~ stage, ne~d t,) be tra"_'porlect I,), or 

rdaLn~d wililin. n produnih' nur,cry arca, or indircctly by causing mdivldual lli,lOrie, of 

~~P"')sur~ 10 eJl\'lroltm~lllal eo[]dillO[]S ~lleh as l~ll1p,;ratur~ and ~al lL11l;' 10 di lkr TnLdllloJ",1 

population mockl." "h,~h aggreg ~le mdividlLal., withm a POPUI"lio" i"l(> ,tale vari"bks 

l'epl'~sell1ing populotion Size, Qr~ ll<)t capable of dfe<:til,-~ I y ctenling with these _'pali,,1 ,rnd 

kmporal dilkr~ltC·~, Hl ,urvlv"l. Thi, kd lo the dn'~I')1'll1c"l oj' lLldividual-ba,cd modch 

(1l3I1-Is). wllleh C'll1 be applied to problems thm mldili')l1~1 slate van"H~ m(lll~h e""lllol easily 

addres, (Gr imm I W9), 
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,imulul'o" w ith ",d",dual, a" lh~ basi~ ' Lll ils ol1d ~\pl ici tly cOI,s idered processe, rde,a,,( l(' 

md",dua ls, 1 11div idll ~ l-bas~d Il][xklling becamc all expllC'lll} ddLncall'd approa~h or 

eco log 'cal "wdcliillg fo llowiJLg a rnIC'" h} I-hNOl1 el al II'lSR)_ Whereas the model of 

IkA"gel ls d al_ (IL)]!)) a"d I h ~ rc\ie\\ by l1u , Ioil ct 01. (I'lSS) laid (he gtoLUlxJ\\ork_ lliL n W 

of IUr.h was 1Mgdy facl litaled b} ,iglliikaJLI illl'rCa:lCs In ('(l lnpuln pow~r during lhe l 'lSOs 

,1I1 d I '1911>. ROlh bard Wilre and soft war~ d~ \ ~ lo pmel1 I I ncr~.'sed proc~%iJLg ~ h' Ill }' "' id 'lJCcd, 

N~w computing i,,"gllag~, (obj~ct orklMd )1rograrlLnl ilL g ill parlicular) and p"ckagc, also 

made programmiJLg and dndollnlCill 01 IB'vls simple ~"d enL~i~"L II~alh ilild na lkgo 

(1'197) provide a L(lmpr~ h ~nsive re v i ~w oi'lRM m<){jet s of early li fe histol'Y ,1c1ge, of fiSh, 

/\n 1l3r.1 rdie, (HI n b,,1I0Ill-UP nppro"ch IF ig, 2.2) lhat allem plS to unde r~tal1d l1,m r:w 

p,nfJCrl Les 0 I' ~ syskm dn c'lop I,om i 11lemC'lion, al I he Ie\ d of th~ illd iv idual ((irrlluu I 'N9 ) 

F.tll~'genc~ IS the knn g lv ~n to lll~ 

progrcs, I' HL b: "Ii ieh procc",e, ojleralll1g m 

llw level or Ih ~ illd i"dual matHI"st a, 

p]'(lp~ni~, at lhe population k\'~l (Lcpage 

and Curl' I 'Ni). t\n dfccti\~ m r. l call 

1~\eI give ri ,c to obs~r\ahk pattern, at the 

populatiolL Incl. 'Udl as spaWlllll!, 

bdmviour Ln lish_ itlMs allem li )r 

iI1Wg,-"lion of em· iro nmental . ccological 

ami biological dma. alLd l'all expllritl}' deal 

\\llh ~~o'yslems m ",hid, 

diSlribUliOIl is illlpol'lant. l\y cremi llg Q 

pO jiulaliolL of dLSI LllCl i"dividuais. ral her 

lhall slandardl,il1g ~al'h LL1dividual wilh 

a\cl'ag~d popula ti on mlribul~S. filM s al'e 

able (0 de!. cL'i bc diff"rl'llccs J ild illlemCliom, 

among illJ"'iJ,,al , and f:,., tw"",,n illdi'iduals 

and their C ll\ironm~nt. 

lProper-ties at the syste~ I 
Sr;ut.o. OllcJ tcrn~xxGI rY,lIG,r" 
~Ictjli-;jn\l ~wx:e<;y-,,;~ 

:;vnonic t'(1uiliLC(iurn? ___ ~ 

J~ 
/--Comparative experiments---- '-.., 

~errC'ined If) iocmi'Y U'(] un.±",;ta'('~) 
---___ p'~-.pulol (X l ·t've plf)~rtle5 ____ ____ 

7-------,- - - -,----'\ 
i-" ", 
I Individual-based model 
• • 

Unique individuals 
UG c:ycle$, ICIC:G incernctk:lrS, 
IJnfq,Jc lr(]jcc:lcry n lime (]ncJ $=ce 
hetef'::x:wr0:-JU'; tuhi'ot, 

F ig 2.2: Conceptual diagram of th e -bottom-up' 

arp'ua~h of ipdividllal-b~scd mooelling 

(adaPi"<l from Grirr.L11 l,)ggj 
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I-arly 11fe lustmy <[ages <lre ('ommonly repre,ent~d ill models JS pass i\'e p~nicl es 

conli'ontm~ "inlt,,1 enYlronment, crc"lctl I->y .J-D hytlroJyJl:"l1l~ "lOd~b. This Lagn",gian 

"ppro"ch was used by Hugge li d ,,1. (2003) ami [':"ada e1 al (~()()3) ror am,l",,'y LLl lhc 

southcrn lJenguela ecosyQel1l :.",d has als Cl been 'I>ed in the past for olher lI,h (e_ g. H~"lh and 

(iallcg.o 1<J~ 7) amI zooplanklon kg, \lllkr ~l al. 1,)%) \Vhen biCllClgical properties (sH~h as 

egg b'_,,,y,,ncy, J~ll,ily, ,hal"-'. dc) :Jrt' "Jd~tl to lh~,e p"rli~lc <" thcy bccClnw ULlHl l>" 

"lei i \' i dL lal s, 

2.2.2, The 1'1 LI\--IE h~rlr",I~,,"mie model 

A nunLc ri",,1 hyliro.lyn"mic· L1H,Jd. lhe Region~1 Ocean \'JoJelling Syst~m (I~UMSI. 

develope d at RUi ger, Umn'rs ily al1d n,,' Univ~rsity of C~lilurnin (Ilaidvogel et "I. 20()Ob). 

has been aJ"pl ~d I" lhe ,oulhem Bel1guela (I'enven ~()()(l, l'env~ ll el "I. ~OOlbj by a ",lLlll­

disC lp il[JaI Y te«m under thc umbrclla of the SClLlth /lIric:m-l'r~n~h bil:nera l II)YI.I· 

progr:mnL1e ( Inl~n'cliol1' and <;palwl 1Y't'm,mlc<' uf rcnc""bk rcsourccs in upwcLling 

[CO<'"Sl""'S. Fr~on Cl ul. ~()O~). tl,c lollow-up ollhe VIBES project (Viability of aploil~d 

p" 1 ~g.lc fish re'OlLrCeS m lh ~ Renguela Ecosysl~ms m fc'btion to the ""v,,,mme"l al1d Spmial 

aspects . !'reon et " I. 1<j<)~) Tlw Illo.Jel us~s basic equations of fluid m(\tion in a rot"ling 

lj-al1l~" ut'k to calcu hotc curr~nl. kl1 'jXrallLrC, s.,,1 ",il y al1d d~n<,ily licllis (PCIl' ~n ~l ~ I. ~()O I b). 

rhe sOll1lwm 13 engu~la appl ication of the RO.YIS model, PLU\.IL. consists of a 

cllrvilinc"r, pi~-,Imp.:u gmt locat~tl allhc ;;oulh-w~stcm purliun ofS"tLth /\Ii-ica ti-om 28"S tu 

40'S :md rrom <jOE to 24°E (Flg, 2 __ 1); (PCl1VCJ1 d a1. 100I h) , On lhc lWltl1cm cugc lhc grid 

stops JlLst hcyond lh~ Ur,lnge I~Lver mouth, and ~xtellds on th e south co"sl :IS litr ~ "sl as. C"I'" 

Sl Franci s. l'ix: horizorll~ll1lodcl r~SDllLlion rung~ s tinlll 9 kill along the coast. where Illore 

accur:lIe Solulions are requ,red, and lncreasCs lil1~,,,ly 1016 km "rt\horc, Thcr~ ~ r~ tw~nty 

venic:11 I~,el ", Wilh hL gh resolu lion ne~r the sur~,ce (9m) anu :1 gr:1liually decr~ asing 

resolutron towards the bottom layers (I()()Om lur lhe dce pest level along the oce:1[lic plain). 

Th~ lopogrupl,y ol'll1~ al1;~ "rcahSlic bul i, <,hglllly ;;mootl1"d Ln ord~r to allo" lur slabk :md 

accur:lle si mul"iIOns. (Song :md H,"dvog~1 1<)94, Haldvoge! el al 2000aj Viilh ~O "~ rlic,,1 

levcl s. 65 alongshore lin~s an~ 144 cross shclflinc>, thc grid has a tot~1 oj' 1~7100 pOin ts 

(some ol'lho,", h" O\',' r lhe hmtl S~dlOll alld ar~ lm,skcd). Al ~acl1 puiLl\. tor C"CIY time st~p 
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A 

10'214'C 

F'g 2.3 The (A) 11OrizDf1lu l "flU (B) vertic"l 'Irids lIS~U i,r lire req:u,r~1 cu,rr"llJ"uliofl 01 ROMS in t11 ~ 

&llJtr~rn Beng 'J el~ ecnsystem (pLUM tel; Ilrnm Penven er al. 2001 b 1 

[two day,), t~lllpcratUL'~, ,a liLlity. density and vclr}City o;tr~ ngth and dircct icttl arc cakul:lIcd 

The Pl.l.rvIE grid h~, thrG\: opcn ('C~WJr'd) botlnJ;m~o; [t i, itnport'lIll th"l the in ,,,,r 

,,,]ulion i, ~llowcd to radimc thLOUgh the OpCIl bOUlld,ni~, withoul reflectiOIl. ,lIld vil,l] 

illl(lr""Jli,,,, I"rom the slLrroundill~ On'~n nceJs to cnkr lhl' n1od~! fLUlj~h~Lm o; et J I. 2()(I:n, 

RO\·'1S employs an JClive open h,H",dar) sdl~m~ (\-1arch~s,dlo CI ~I 20(1) lhal ~q'lt,ates Ih~ 

IWrl/OLll~1 v~]o"'lic"s in lile vi"inity of the lXl1l1ldari~o;, I:C<l!lLrco; prodlLced wilhLIl Ihe mode] are 

"lloweJ otLI W Lhe open ()~~~n follo'\'Lng a radLatioll condi ti"n. ILlPUto; 6'''''' the o;urrOLllldillg 

O<:l'aLl m'~ forced by o;cas",,,,1 lim~-<lver"ged O<LlplLl' of lhl' J\gullus .--\" PL'LJlliti v~ l:quati, Mls 

[,\(],\PE) ha,in-,,,ak OCCJn m<>del (lliJSl(xoh ,mJ Kr,llLII 1999). Th~ TlLoJd ilselfi, to!'~ed by 

he,,1 "Ild ,,,Iinily fllLxes anJ ~ "inJ ,Ire" ,chen1~ Thc h~~t ,md o;"linily fluxes "re ohla,ned 

fmlll thc COAI1S oce<ln smlioce monlh]y d,rnalO]ogy (l)~ Silva ~t ai, 1(194) "nd th e FRSI/2 

I'r<lll<;-.,is de R~"hcrdw ~our rEx!,l"il,lli,,,, de I" Mer IIFRHdFR) ILklll~LJly ~t al. ]'J<J6), 

BI~llke el "I (~()()~) i"lInd Ihat ,ca ,uLface t~nlpcrJ!Ur~ (SS 1') vMi"hih,;' "cross Ihe J\gllllm, 

Hank "as m,)slly driven by "mJ and Ilwr~tor~ h~d a high lew I ofpL'cdic\abilil;' \9(P,'O). The 

,,~sl "oa,1 "as fOULld to hav~ ~ lower I~\'~I ol"pr~diLlabi ] ily of SST (30-70"/0) becausc SS'I in 

tflis region "ppe,," W be driven by both ,\' iml <lnd m~o;osc<ll~ "LI'vlly. Despill' Ih~ lad lhJt the 
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July 

January 
,."''''" "";-, ; ., •. ,' 

11·..,;' .. '" ''''>' "" """ 

October 

"'''I 

'" 

Fig 2 4 Sea surface ;emperatures aM f.ow vectors frorr the PLUME rradel for four rr~nths July 

Imld-wlnter) October if;rst wawrirg peaki January (r\Ote intrusi~ns ~f '.,arm Agulhas £lark 

water up tr.e wes t c~asti an~ Apri -::au;urrn; 

mmkl proJlLC~S ;;ome of it;; own \nriubiiit". Ulankc ct al. i20(2) <;(\lKludeJ Ih"L in gel,,:raL 

the model ,hl"" a hi.,h lne1 orciHTe1alLOL1 wilh the real SS'j of the region. 
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Z.l.J. COli pi illg lUI'> 1 s " it h the outputs of the hyd r",l,-nam i~ model 

"umerou, 113M, I LaVe pre, ious ly b~en cou pled with I'LU tv1 L: outputs. "I I of them dc" I ing with 

Ihe early slages of an~h"vy ('vlullon el al. 2(03). One su~h IB'v1 I()r Ihe ,o"lhem Bcnguda 

e<:osy,lcm W(I' de\-e lopcd by HLLggell d al. (2003). who applied a panicl~ tracking mo.iell() 

simulrn~ the Lagrangian transport of p(lrtides, rhey invcsligated tile success of diffcrent 

spmi()-Iemporal 'pawninf\ ,trategie, of anchovy in lerms 01" the number ()f parli~le, reaching 

lhe \\e,' coasl nnl"';cry gronnds within a c"Cltain time window. rhe Inodel quantitled the cffect 

of the lllning. location. fr~qu,'ncy ,llld pillchincss of spawLlHlg OLl lra'''p<"l ",,'cess aLld lhc 

Llllenlllnllal van"bility ()f lhis. 11 was t()tLlld thai there was g()od agr~emenl bdw~en ohserved 

spawning paHerns ,md Ihe (\plimal temporal and 'patial strata for s\K,"e'sf\l1 Iransport. 

suggesting lIwt (lnchovy spawning p(ltterns are an ,Hi(lpw(ion to th~ circ'ulalioLl pallcms in lil~ 

region, Parada d al (2003) i'lLLnd particle buoyancy anJ lh~ area of pari ide rd~asc 10 bc \1," 

llL"Jor single del~rminanlS ol"lran'porl sLLcce" li)r anchovy in lhi, syslcnl, MLlIIon ct al 

(.200.2) took" diffcrent approach by de,'-eloplng an ~volutionary lL3M for lh~ r~crllLllneLH of 

and1()\'y 1L1 \IL~ soulh~rn B~ngLLcla, They IOtLnJ the mosl importanl conSlramls dderHlLIling 

Ihc observed spawning pattern of "'Khovy was a preference for waler lempcratures alx)\'~ 

14'-C and th~ a,'-oidallce of otlshore currents leading to the loss of pmticles" I\10s\ rec"ll1ly 

Ldl Cl aL (1L' pr~") have L,,~d IB\I te~hrllqLLe, to examine lhe e'Jrl~hrllenl aLld rd~ntion 

(lspCd, of Bak un's fundamen tal triad 0 f pr(",e,,~s (Bakun r '}9~,!) i mp"cl ing on the ,uni \'al 

and recrllitmcll1 of the e"rly swgcs ofpclagic lish in the sO<I111~1'll Lkngucla ecosystem, rhe 

moJds ofHLLggeU el al. (2003) .. 'vlull()n el al. (2002) anJ Parada el al (2003) ullllSed r~peal~d 

clil1liltology tl1,,( cre~lcd inkr-(lnnual \ari"hilily not cO]Te,p<mding: (0 aL\ual years, l'h~ (f\\1s 

pr~s~Llled here usc more r~c~nt runs of lile PLLML: model inc'-orpormillg more rcali-ric 

climalologlcal Ii]rcm!, (,,~ekly wmd Iklds; ERS lHne ,cries Ii-om 1991 lO 1999), 

COIl"csponding 10 actlhll years i L1 the I Y')(),;. 

2.3.I'lu)GR\1\11\lING 

J'he IIlM was programmed in .Java using JBuLilkr (Borland Softwarc Corporation .20(1) 

.fav" is (In ()hject-"n~nled progrilln!l11L1g langua;:;e. wilich allows for a popu lation of 
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Table 2.1: Some of the made the PLUME 

the "":>1,,,,, .. ,,,,,rna,,, model and vertical 

CHAPTER 2: METHODS - 23 

the 

schemes. Precedent :::: 

studies in which the same has been or in which this has 

been shown to hold true 

the et al. 

The wind scheme and 
realistic circulation n:::ltl~", .. n 

simulated 

affect the accuracy of 

effects do not the the 
model 

Particle 
are in a fashion the effects of 

diffusion are considered to be 

The number 
and is 

used (10 000) ensures 
for statistical 

of the IBM 

is aut;;l.Iua,,,,, to 
in recruitment success 

ue'vel'ODrnelrtt Model 
The Belehn3dek function of 
time is realistic 

is not considered to have a 
success 

""n,,, .. ,,.<> and 

vs. egg and larval 

time data does not differ 

which 

Larvae are able to survive and retain themselves within a nursery area 
Tn"n .. ,'onn the of as can now feed and 
swim 

Vertical IJnCI'I"llnn 

Observations of egg and larva 
the year 

distributions for all 

There are no diel ,..,n,,.,,,"I"<><" in current flow that the 
Tr""".,rlnn and retention of sardine and larvae in the offshore 

of 

Penven et a!. 2001 a 

Penven 
al. 2002 

Penven 
et al. 
et al. 2003 

Blanke et 

et a!. 2003 

et al. 
Parada et al. 
Mullan et a!. 2003 

et al. 
Parada et a!. 
Mullan et a!. 
Section 2.5.1. 

van der and 
2003 

'UUIU"',. et al. 2003 

et a!. 2003 

1977 

et al. 1994 

Lasker 1 1977 
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Fig 2.5 The nine spawning meas used in 111e IBM e<rerlmen ls A 

CIIAI'TUl. 2: \lrTIIO])S _ 2_, 

I:U'NCirlj, B = uppl'r wes ', Goasl Gfr~r,."Cl' WWCdr). C = lowerwes, coasl insllOre (LWC nJ. D = 

;CWN WP.S' "oJ~1 OtsllO'" (LWColf;, E ~ Wp.s-""" Aoulil~~ flJrlk I:'NABL F = r;~n'.ra !\gulhas 

8,,,,, inshore' IC!\Binj. G = cenlral Ag" lhas Ban, offsl1Cre (CABoif!. 1-1 ,0 eaolern Agu lhJS Ban, 

irlsilo'-" (EARiflL I = p..'S',p.rrl ArJuIIlJ~ Rank df~lIorp.I:EABorr·: 

200 ami SOO,!! ,kpth sh()uld Ix; ditYereLl: in kLms of curL'ent femures to all area in;;h()L'e of:he 

200m 180b",b Il~armg thp; H1 l1llnd. ,md beC''''LS~ the west (,(""I has a >leer "m,slal ,heir the 

we;;t COJ>l spn\'\·ning ~ rCJ Wool divi,kd using thc 200lll ;sobmh. I'h~ l1lojor;ty ofspnwlling on 

lhe Wesl "oasl appears t() ()CC'Ur \,\'CSI Clnd north oflhc Cnpc PCLlim.ulo (Fig. 1. 3]_ llclX'c thc 

w~sl c'oast 'pawl1l"g areas werc J iVlded 1L11O I()\'\, iLllCnolity nNthcrn area, {upP"r WCSI conolt] 

Jnd high ;Lltcn,ity southern CIrca> (lower west ~oas[), north and somil 01' Lml1be,1', Bay, 

respectively. 

Particlcs wer~ re leased every month orlile PI.LMF nUlplll (Month) Ii-om JlLly l~~l lLntil 

J\ln~ 1'1'-;9. ctTcct i,·cly C(l\~ring eiglll "omplele spawnLnf!: ,cason, (Year1- Thc lkrlh rangc> 

for rclcas~ Drthe panicles (Deprh), 0-25, 25-50 anJ S()-75rn, wcr~ id~nlll:allo lhv:ic u,~d III 



Univ
ers

ity
 of

 C
ap

e T
ow

n

16 _ (,11,\I'! EH Z: ME HI(lUS 

anclwvy IIl\1 ,imulation' r~porteJ by both IluggeU ct al. (2(~lJ) and I'a rad.l d al (2003), 

I he,e raLl f;es are '10\\ ~(ln' idel'eJ st'llld,mi t(\1' III M ~xr~ri l11~nt s 1l1l h"n g 1'1 L: MI', ('arti,' k s 

"er~ re!ea,eJ nlndl'''' ly ()v ~ r th~s(" range'. Imt ~inc~ a larg~ 1111111 b~1' 0 (- roln ick, w~" re leascr!. 

they tend h}\vards a OIt1 ilim l1 dJ>lrLbullOn OVCr the' "hole' tall)!C. Allcr partLd,' <; had b.'CLl 

rd.'a,.'d Ihc) w,'r.' all()\ud to """~ Ii-ee ly ]I] ll", ,eI'1 1~ al domam ami were Ilot cOlllill ~ J to 

lilclr llllllal Jerlh range. 111 a sludy l,IT S(lllth~rn Allstrali~. 1;letch~1' (1999) j(lLlI1d Ill,,! 

r ~c~ nlly-spawncd ,"",dine ~ggs w~rc most abuncimn at dcp ths oj 40-60 III (corr"'p<'nding to 

60% "rtotallx)l1'JLll J.'pfil). MmsLLoka Cf al. (2M2) ,"mlnrly ioulLd tilatthc sra" LllLl g dcplh 

or Japa Llcsc ,ardill ~ (Sardin()I'" me/onosliclllsj was arpnnimaleiy 4()-(,O",_ III a 81mil"r 'Iudy 

III the southern Hengue la ~ ~o'y'ielR Ilorl,k\ cl al ('2005) tOlllld Ihal ~rdinc spa'''' ",,,inly 

"Hilln lh~ \('p (,Om of til~ water <.'<) 11IU II1 (hg, 1,6). lienee tile' dcpth rnng.'<; usc cl 111 th." " 

IIJM s ar~ ~s>lLllled 10 a,kq L1ale I y ~apl L1r.' th~ n'rtl~al .'Xl.'l L t or ,arcil"" 'pawll i" g_ 

, 
~ 

c 
w 
0 

FRcQ'J [NCY i'X< ;' 

C 1C '5 ;:C h 3~J 30 4~J 45 

"r=i ~-=======-;-----, 

'" 
--- ' 

'" , 

co C·-=CC~~~~~~~~~~ 

f-i'. 2,1,: P~rc.~ntag~ d~pth pr oril~ or "" rd irK' eggs {all staqes) ill tM wLt l,ern ll~ngL"a "'c(Jsy""'''' 

Eqgs we,e sarnpled using a , ','P II I)f>t <N~r th~ w~"ecn Aquilla, flan k ((lai~ rWIll ()opulo d "I 

200"L PrOpull'-->rlS or ~~rJ d~V~10pmellt st"qes: newly spawilea = 13",(,: middle stag~ = ~%; 

late sta,.e = 33% 
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2.·!'3. Dependent varillblt's 

I hc dep~nrknt \·ariahlc for nil Ihe nrennl<'nls i> >lK~t>otiJI transport lo, or rcl~IHion m. a 

cte,igllat~d L1ur~cry arCa. For th~ r~mall1Jcr of this lhcsis this ,viII he tcrmed 'LI\ockllcd 

rcnuilm~nl'. nn~t a rartl~le ha, n::(.'Tullcd lo a nursery arca II ~ann()l suhse'-jucntly recruit lO 

~notbt .. L1llroery are~, Morielktl''',TUltllltn( was nprc>otd ao tht per<.'entnge ofrar\lclc' from 

each spnwning area tlwt recruit to ench nursery ~re~, Though thcrc arC no a~tlH'''te data on th~ 

s\\,i lnmLng speed 01' sardinc larvae, l'\elson and Hlilchings (1987) eSllmaled that they are IIOt 

ablt at 'lily stage lO mainl.am lh~" posilion by hori/ontal movement due to ovel'\vhelmlng 

~\I['rcnt specd> in tht ><Jllth~,,' Ll enguela ecos',,-otem. How~\'er, once aClivc SWi lllltling is 

pos,ihlc thcy could b~ able to avoltl being advcetcd o!hhorc by \'erli~ally ll1lgratmg and/or 

>wlIllmlllg, tn Ihe absenct 01' good dala about saniint larvae in tile ><JlIthern Uenguela 

eco>ystem, for the firot e~peril11ent tht minimllm age at which larvae arc able 10 adequately 

mov~ \' ertlcally "a, fixcd at 14 days (7 ti LT"'-: stcp,), bascd on thc age al \\' III eh an~hovy larvae 

ohow adiw "'imming and art ablt to avoid bongo ntto (Badenhorsl and 1.lo ',.-d I'J~O) '('h,o 

criterion was used in b01h th~ l!ugg~ll et al. (2U03) and Parada el al. (2U03) models, ami since 

oardine and an~hovy larva~ arC ,ery SImilar at lh" young age, lhl> cril~rion ,,·as appli~d to 

sard Lll~ as ,,"ciL For later experimcnts (Chapter<, 4 and 5) Il,~orporaung growth of lite 

inJ,\'idualo, lhe mLlllLllllm age tor r.:cruilrn~1ll critcrion waS rdinctl to a IIlLlllLlLuLll 

dtvtlopmental ot~ge fOf rtCrUilmcnl Cnlenon. To sLlceeo>!i,lly ree""l to a nur,cry area, 

LLldi\'idllals nceded to have .. eached the swge ,,·here they have dtvelol>td a fun,'lional jaw and 

rigmcnted cyc (so they ,",e ablc to ked) anci ar~ ~blc to swim cnollgh w retain themsehes 

within the nursery area. In addllion temperalure induccd monality (Illortality ratc cxpressed 

as a perl'cntage of the total Llurnb~r of indi v i dun I s releastd from cach spawni ng ar~a) ",as ah;o 

used ~s a (krendtnl. \ariahle in Chartcrs 4 anJ 5. 

2.5. CO~IPARABIUTY OF SIMLLATION RESUL'I S 

11 is impol'tant for lh.: results ofsimuialion, to Ix: r~peatable if they arc to be "'''"pared with 

othcr ,iLllulations, 1L\\1 output> nted to b.: stable and not confuscd by factors other than th~ 

parmn~tcrs of th~ tAperi mtlll (c.g. not s~nsiti vc to the random in i tia I d istri bution of ralti~ IL-s). 
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1'0 elk<LUc" the sidhlllly or O<llputs ""e'l, Sllllu lmion WQS ['un lhr~~ llrn~, (Trial) to ,e~ whet he] 

or nOl ranJom LHill,,1 Jislrihulion> or p"rlicin 1",,[ "lOy cJl~C'l on lhc tn()(kl T\"sulrs_ In orde] 

for the dfel't, of the Jli'lerenl ,'anable, to he allalysed wnh ,'onliJem'c. the eff('cl of TrlOi 

2.5.1. Nurn bH of i n dh'iduals/pa rricJ~s 

rCSl rUn, w~r~ pnfo rm~d to ~~ how tile number of PQ rticks,/ind i \' I dUQ Is ] d ~ Qsed ~ Itected th~ 

WLr~ nLlL I')r each number or iHch\,lJmls ]'(:ka,~J fFlg_ ~_7] \l"d,-'ll ~J r~nUi llJleJll re,ull, 

w{['c ,ho\\'1\ to be (jUlte robust t(1 the number 01 indi\'id<lal~ ]'eleQ~~d, On th~ ~(nlth CDQst 

stQbic outputs of mCQn modelkd rccruitment (, imilar mC,lns ,1nd stQndard deviatiOlls] w~r,' 

""h ie, (~I i I' more tilan lUll inel L \' Ldu,,1 S W CrC USC"(\. willie on the west (,OS! 7 5UO ind i vidu Q Is 

oc 
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Fig 2 7: Tn~ ~f1""} or tn~ numhcr of particl~s/indlvlduals used in the simulations on mean mode!l&d 

recruit ment (1. olle s.tar>darc' d~vi~t'oo) to (A: t11~ ",;>st LOoast ~tyj (8:, t11~ ,oUtl1 co,"!; ,,,d Ie) 

",'''I,:'ty ,"tc 1+ one ,t"'10''''"' deviatio,,: 
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were to more mean rate at 10 

were 

not movement an 

to " .. " ...... v." to 

ensure """, .......... a set were run 

constant ,",v,..",l"lf .... ., ...... JUU were ""'IT1"'" 

..... , .... "' • ., to see 

constant 

reverse 

rate "'''',n'''''''''''J constant 
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NI 1M !l~R ()~ I I toRr, I IONS ,'tOR H,; E 
SIEP 

B 

.~·J,"18ER OF ITER!\TIONS I'ER TI ~E 
STEI' 

F'J 2.R ' fA) Mn<ielle<i rC"CrLJl Irr.-:n t ~nrl (8) mort~llty when <ilff~r"nt Iev~ls 01 tAmparal l~temo l atKln 

(Number 01 itemt,ollS vari~blel are ~sed In the 181-.. \ 

~ and 4)( Iler"l]()n, I here were n" IllteraniCllls ktw"~1l ;Vumhn ()f il,'m/"",,, ami ~n} " ("Ih,, 

O!h~r ," riable, In detennllllllg mortn I iTy rate. 

Inn~aslllg the lempora l illierpolal]()n Ii-om 5 [0 4S It~rat]()n s per time ,Ie), Joc, "ol 

SIlbstantial ly "fteet the m(lllc ll cd recrUlrl11ent of Lagr'lt) gi~n p~rt;c l es, ~nd tempo",1 ~nd d~plh 

pall~ms rcll\ain~d vcry similar, \lo1taltty only show~d a bLg dlfferen~~ betwcen I and 5 

iterations bemg \IS~d. rh~ consislency of modelkd recruilm~nt and mortalily l"'tween 5 

(Chaplcrs 3 and 4) and 24 IChapl~r 5) ikralions ""ing us~J ali"w, mor~ ~onliJ"nc~ lL'l lhe 

inle'l'rel~lion oj" reslIl1, I>e~aus~ any challges III rhe value Clf lhese can be ~tl ri bL.1l~d 1Ct 

processes at the lIu1ivid"<11 sc~k ;lIld not model related artdilcts , 

2,6. STATISTICAL AND S£:oiSITIVITY Al\AL YSES 

Senslli" il} analy,is " all eSS~nlia l a ,)",tt "j" ll", l110J~ li i Ilg process (Reres and II awk ins ~OO I j, 

In 1l1odcls with numCr:ll" pal'amct~l" it ,s impClrtant to know lh~ l'dal"C imporlan~e of each 

parameter in ordn 10 gam a good unlh:rslanding oj" lh ~ sysl~m heing nwJ"lled C~rlain 

panHllda, can h~ surpri,mgly inlluenlial Ul de!enninLng the "L.lk"m~s ClI" a l11od~l, and these 

n~ed [() he i Jenlili ~J . I ,lk"wl>e, p'·jramer~rs thar ~~err no si gn iti~;Ult effect can be recogn is~d, 
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not can 

to 

... "'''~ ... over 

n. 

ne.ste:Q nor ... "' ....... "' ... 

as 

sum to 

= ----'-'''- 1) 
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a 

coast are 

on 

to 

an 

"'V"""" .. ' .... ''''~,1" serves as a a 
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Firl, :J 1 Th~ '=t'o" of t'l~ ql"'""P<-'r[l'''n~''t coo' ri(lge over the Agul.,as !Jail.< (frolr Swali ~l1d 

Larg iH I 881i_ LiIH'S rArr~s~l1t ,SOlhHr"IS at 20m (C i 

sect ion of the eoast lin~ (And~rs 1 ~75, Armslrong d al 1991_ B~dky and H"wil~on 1(94)-

DUl' to the geograrhl~a l J,stallce m\'olvc'J ,mJ the ~ompkx sy,tem of CLlITent', il. i, ulllihly 

!h~l 'ilrdin~ ,pa,,"~d on or eil'l of th~ 1',AlI r~~l1litlll the west CO,I'I nursery grounds, rh e'~ 

sardinl' must thacforl' ~ith"r recL'uit to Ihe eaSl coa'!. which hJS a vl'ry rklL'WW coaslal shelf 

and is ~on~lJer"d unublc 10 suppOI'1 a large populatitln of recruiled ~"rJine (Armslrong l'1 al 

1';<)1). or b~ (rallsport~d TO Ilw soulh wast Lkckky (19'13) fOllnd Ihm l'ggS spawn~d ol1lh~ 

~as( coaSI could Ill' Iransporled soml" not by till' Agullws CUITent ilsel!: bm rather by lh 

peripher~1 Inshore walers aS~'Xla(eJ with Ihp; ~urrelll. (iriniTn, ~Ild Ikdll (I'J)~) ~I,o 

subscrilxd to (his view ~nd toted (his as ~ J'O,sibk mechanism for The sou ll,,,,,rti transpnrt of 

g~clbd, ('LSr, ("lli'aG/().I'~' i()" ae(luidem') larvae, 
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~SOJJ" ~"--'Jl1J pUll ~jl1i~ JUlpJ"~.I0 1U~lU~,\OlU UO 'lLO ll "lLllttl J'OOWI 01 pJJJpNlo..' ~lB Sll,IJ1IBct 

UOI1qllJ)!J ~>~lj,L -UO!lejl\JlIJ P~lI~POUI Jljl.l0 lJrlP"J<.l J41 ~J8 JX'llL~>~ ,lct »IIlS~J ~ljl ~Jl:P1Jljl 

pUll UOllIS".1 1I1"~U1<lilWI .'\ I ~Jlld " lL' PF'tlllld iluLII~pmu ~"I')'\L\l sUOImlllLULS "LLl -pUllOJil 

,{_n"nu I'~l'.' 1'~," ~1[1 UL 'lll~JO ~lUp1"~.I" 1U~LLlI1l11~~111"lmll Sl ~LS~'-I]l)(l.{tll[nLt ~lLL ~jlplJ 

IOU} lU:>IWllll;)(i-ISUlll, ;)lll]O UUI,'hl ~lp lII 1'UO) 411WS JlIl UU g~JU .0;)SJI1U g U! P~U!"P,I Jq Hl'~ 

~~,\,Il;1 I"L~ silil~ '!U'l'J~S ~l~ljA\ S;)"~,"~ pu~ .'LLL")',\S(n~ ~1"l1ilU~\ 1 UP1[]"OS ~Iml '" "lJl ,seu"" 

1I011U~Pl pllll 'IlO'-{,U"ll S"UlLlll1~~ Pldmp "'[1 UI P~]U~"~lt! lU~lLlLl~t!X~ UOil"lt1LUl' "'-I I 

'~,ITLjU;)J )U~ISISlloJ l! "'1 .-\~\lI ~ ,Plil 

~"U~lil1~.'O ",''11 111'-11 111'1 .\[ I ~IU~PL,'~~ OlPll1 lsn r lUlL ~l" ~~ I !U ~ ,,,,f pu~ ~~ '\J~I ~S~Lil JOLJj Sls~lf.IrlS 

~"U~PI,"l T'"ltll') >l;)(i 'flVIVS """'P'\,IlS) ,\111nI'J 'Ol'llltB!) "'11.10 ~~'-IJ"~l J","OI ~111 tlL '" 

11;),\\ 'B (I'~JJ I \' ),10<1 .lU 41["" I,n I') ,!~l'LI'UC," 'I JJo ~uoz pn' ,11 11 III punOj U~Jq JW'I '~I 'u~,\n I 

.'\P~:1 -(-lUlU(),' "J"t! 'AI!S l;),\IP<l!fl "!11mbV JO] ;))TLIII"!( LLB)UJV 1I1TLOS "WOP,\JIS ClUIP"_\l) 

UOljlJ) '''I) Ut pun"l ~q Pill!),' .'",'""1 "' l\\pl~'.10 J",!lunlL J,,;'IJ"I 'l~mLt " 1~L]1 ilLt!lS~ilill1; ' PU\\()J 

~q 01 ,(P'!!l J.lOlll ~)" ~" ,\1"1 ~u IP1"~ "J~'I ," '1~1"'" ,'J"'ISJ","'-L ~L]1 u L )<lolL pm' JI-"l L ' lllH llU ,\IT''"S;) 

~1I1 Ul ""'1"1 ;)J" ,\\ s;)lciLm:s ~s~ll L '000;: ,L~qlU~,\ON pUB l~qOI,'O llt ,,~l'P (J ''' I )~'O "1"111S~ 

scio-'1l-l""S ~'11 111 \l~'1"1 '~lduLl1s dell 1'1;1'1 8 UL ~",\J"I ~lHf)j~s Or jq:JTLBJ (WO;:) UlOP,\11S 

"( fRIi I ,~~ I 'I'~f1) ,(~,\ln' )"~.-~-o" I 11 Lt, lL]i:mn S'"'FUntL Il1IOI ~L]l J" %L r 'i1U"UdLLLO" P41~ilo I 

.' \"11 ~oill V JO LtOl~ LtCI dO.~\lllJ "! ;),KlljSUT ~lll Ul )l!Upul1q~ Jq l'l PUt"'.! ~1~," '~11\l~,\l1 (' pll1' ~",\J" I 

("~.I~I ",,""".11,"1) ilullJ~lj pLtnoJ pLLB A,""PLLC ';)\lIP,IUS 'ORIiI ,''''1oPO LLI (:I ,,()O ,:'it ",Z"S .JII) 

,lS ,ff) ljPljll"/'1 :1ll0<.l.l" ISl'-' 1,nL '1'IlOll1 ,\J1"1IS" scio'lll"'\\S ~'111~ .'.-\ I ~'\lp;><.lS~l "~'1")1:J I~LL 

";)UI~> plI~ ;;,"01 lll'l'lU"Id III (HIUL 1 f (JI r I ) ql LU" ,n f pll" "",\1"1 :lUlP"'" '110,! ~llL])U~1 p"ll<l<bl 

(~'O(.l) A~I'I~~fl 'l>~l') lllllO> Jlj) 01 illlllln1"~J JU!P11" "".1 ~.,u~I"'\~ 1,'J1'p ~l("lL S1 .)l~L]l 

I }IQ,IS\JV}I I \J\" ]~"Vll~\'l:( H] J..1VIU - 'Jt 
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3 1.1. 

3.1 

Table 3.1: The fixed 

values and n 

.'inJ'Iwrllnn Area 
Year 
Month 

Trial 
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n ......... ' ... and variables used in the 

10000 
30 
60 

1991/92 -
Jul- Jun 

cases 

or 

25-50 and 50-75m 

8*1 

were 

IS 

their ranges or 

9 
8 
12 
3 
3 
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3.2.l.3. LlL:I'L:l\LlL,, 1 VA RIA II I FS 

T,,,) lILHS,r} ar,as (I'Ll; 33) were u,,'d in thi, experiment - one 011 the we,t ,oost and the 

oth~r on th~ smLlh ~oasL The west ~()a.'t lllLr.,ery arca . likc thc Agulhas Bank -,pawnm~ arcas, 

fol luws C(lnH'nl;On for the reg' on. Til<.: south ~"''-,t nursery arCa was cl)()scn to colTC-'pcmd 

wnh tlw 'i\lasi-p~'-ll1an~nt cool ridge fl'olTl the c"ast i,,,hol't of i1. exttnding to slightly 

<)llshML n I' it> usual pn, ilinn. Pal'll~ ic, ""~ c<)[]sitkrcd to ha \'c recnLLlcu to <)1), or IhLse areaS 

irlh~y werc local~d In one orllw.,c areas and Wcrt oldtr lhan 14 days and kss than 60 days. 

I'lw d~pel1del11 variahk used in analysts of lhe IBM results wos tlw p<-'rcei11oge of ponicle, 

,111" 

A 
32 ' 

,1·1" 

Sou th 
Afr ica 

, , 

N 

" 
" 

/ , 

rig 3.3 The two nursery areas used in the IBM experimc~ts, A = west coast. B = south coust 

E 
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llHHlellt:J rtTnLitnl<:ltt res"lt,. The Ii\~ vanable~ or the l110Jd (Spa",n;ng Area, Ycar . .lfolillr, 

D"IJlh aile! hi'.!!) wn~ u,~d as "~tegori~'1l rr~dl~I.(:>r~ 

]'('1 e>;,111l1ne the etTat .'nch or lbe vJriabl~s k,d Oil dClcrnlLllLng whICh nuf,erV ground 

rCl"TlLitn,,'nl "c"lLrr~d in" 'r,TrtLltnk'nt localioll ratlO' \Va, "OIl'lnLct~J. I'his was caic-lLl"lt:J 

",'corUl n~ to the ~c] "at 10 11: 

RU? '--- IOOx (')/oWC-%8C) 
(%-.WC + '>,,8C) 

Wh~re: ilUI - Recruitment LocdtlOn Katio ('~~) 

% we modelled r~LrU itnl<:nt to til<: "cst co",t Ilursery .lrCa 

%Se - modelled recmitmellt to the ,ou th CO,1ST Ilursery' ,1rea 

IL l) 

A vJlue of 1(1)% i'xlicates all modelled r~~r"itm~nt is oc"urrillg onlh~ wc,t "oa,>1. -IOf)% 

LndLcatcs all tno(ldl~d rccrllLln..:nt is Oil [b~ >olllh "0."[ '\llU 0 imiLca lcs that ll10udled 

r~cruitl11.'l1l is cvcl1ly ,pr~au ocm,·.'n lh~ l\\o mLrs~ry Jrc"s. A GIJ...-I lLslng the comrJet~ 

simlLiation re'lLlts \\JS cOl1structed wilh lh~ recruitment location ratio "s the dqx'nd~nr 

variable, The results of this GUvl were uscd to sulxli'idc lh~ sillllLlation r~sull> "mong thr~c 

dislind rCcruill\l~m s},[cms ldentLlied (,~~ below). 

III l'llrth~r GLM s the dep~Jl(lenl ,ari'lbl~ lor cad, rccruitmcnl systc'm waS moddled 

rccnLllrnCl1t to lhc l1urser\' arc" conc~rncd, For all CiL\h a ClLll ia~tom\1 dcsign to the 2'xl 

degree was "scd with ~lI th~ pr~dictor, excepl hiol, whieh \\'as not uscd in "ny of The 

int~rJction remls . rile adjusted R' arxl p values for each model 'ver~ noted. Jlong with all 

main and int.-raclion criect'> and complial1cc wllb thc nLM a>sumplio", (Charl~r 2, ,ccl,,'n 

2.5). I he percel1tag~ ""m\tl<:~ e~rlJi ll~d by ~ach variable or illleraeliOIl k rm WJS also 

cJkll l;lt ed, 
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means were 

was 

a mean over 

movement 

movement 

current can 

west coast. 

are IralnSDone:Q a 
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to 

to 

are 

west coast is 

or 

to 

a 

current is 
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25 

C 

C 
" " " 50 

25 

0 

C 
" " " 
" 

75 

A - July , 

, 

, 

B - October , 

, 

, 

, 

, 

, 

, 

. ,. 
DAYS Slr,CE RELEASE 

, 
~ 
, 

~~ 
• " DAYS Slr,CE RELEASF 

, 
. . . . 
.~ -,<~ 

~ 

-~ 

~~ (~: . 

" 

F>g 3.4 Two_~imension<J. ~iSpIJ)' of LJgrangian partK';les ~eing transported In 'he aomain of tne 
PLUME mDdel. Particles were released over the e~ten· of he sardine spawning "'ea al the 
~eginn ng of: (A) JlI· Y, (B) OClober, (C), Janu ...-, and :D) April. Insnore and offshore Spawning 
A,.lias hJve t:>een cO'l1t)me~, Deptil rJnges in~K';Jte he ;nitlal rar>ge of deptn of reiease ana 
10 O(}] particles were re<eJse~ per Slmulatbn 
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" a 

50 
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I' 
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a 

0' 

C - January , 

, 

, 

D - April 

, 

Fig 3 4 Cunt 

CllAPn :1!. 3: L..\GI!.A~CIAI\ TRAN~PORT _ H 
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H . (· •• .\ 1'1 [ Io! 3: I.ACRA"'-C ' A" TlI,\ v~P<)1l1" 

[rum th(' ulhhorc t"dg~ lot Ik (",\1"\ H~ I:.lu"ht in Iht" ilo'" and lost utlshort. In January :m 

'"'Sllthu~ ring ,,~ n b~ ~""" hud,h"!: (In' rw m the apa " f lile ."g"tha~ l!:lnk and cmrmflln~ .. 

ntl mt..-,r or p"rlicl~, fr(lm lh~ \\' AS ,111') CAB. Th"" "tea,,,, OIl dCplh . \ tl" ~nlcni ,,£ I'll"" Ih~ 

,4. !lI!lh~, fl"nk "pr~d"mi[)antty .. ",\.n ,, ~,\ .ltl''''1; .lamlm'Y and Apri t and \\C'tl0 ~'''I 'klrm" 

.\,,1 . J. 1\ I odl'l ted TfCl'uituu'n r 

Anaty'"s ur r h ~ {,L\I Jor lit" '''I't1.llllncnr location r.:nin (adJ"~l~d Rl - 0.98) toun" Iltal 

Sp/.l"'ni'~ Ar('n f~pt,'m"'l 96 __ ~i!~·'\. " r U1C ,· .. rl<1,lI:c in fCl-ruJlrnem I>ct\\ ccn nur<CTy .Ire.... '\I'me 

"r the pan,,:k, rcka .• ed from nny of the rOllr " .. <I "m~'l 'P'''' ning a11::1' rcl,dl~d lh~ south 

~I'~" ml".r) ~r: .. Sim Ilarly. w ry f.:\\' 01 the pa.jidcs r~l~n,~d ' Ill lhe F.A8 "cT •. 'ItC~.,'I'IJ)y 

l ra.".po rt ~,l to the wes l em"l 11l,l", er~ .. r ~ .. (Fl.\!. 3,5), Only tlHn th~ CAB. 'Hi d \." " I ~',: r 

'k!lr~: lh: \Y :'l~r" Agutlla, llQl\k (WAH). (10 r"n i ('l~s b .. v~ rLa'otlabl~ pI\1bab il ,tic, 01' 

r('(:l I,it I ng (1) ellher 0 I' lil" I \H1 "un.,'!'y area" 'I 'Ills is ,-I car in th~ 1'1,,1 or r~~nl' 111' ~nl I O~Jllo n 

'" 

" II 
t n , 
w , M · • 
5 
" u 
~ 
a .0 w 
" " w a 
a , 

" 

, 
I"iAI:l 

$i'AWNING ARI:)' 
=:J w&<;; C<>Ol" nL"r""~ n'~~ c: S:>lIt1o CJ"" CL""''Y ~,~.~ 

~ .. 3 5 M\Xk ll ~'(j .. ~cr,Jitme"t ~o til e W~\.t WHJ !:j.(I U1l1 ('o~ sl nurse,'., "'G~~ ror the SP~ \'Ii1,~g h ",,, 

.~rL~l) l ~ in the L"'Fdr(l"''' [''' '' b(ln:t slm'J I ~~o" s 
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ClUI'TU{,1: LAC,R·\ ,,'C,lAI\; 1Il\"iSI'(JIlT-~" 

cr l;; lr 
~ ~ ~ 

A 
-, 10:, 

~Q Il 
, 

;0 - 0 00 

"' " -;;;..: " w' ," > <. CO 
OZ 0 

~ ~ 
," 

c O " 
'-'Z .;:' 

c;c: 
-50 ' 

,";Q 
w< W' n ,,' u _7', w <. 

0 - 'I O~ ,"" :3 w I w 

B 

- , < , 0 - '5 - c ·z, 
0 0 ~ m 0 - " "'" ~ 

0 w Z 0 < 0 

~ > ,~ " < u " ""'~ w U W 0 0 

Nov J,.., Mar "'y 
0:: DEc Foo AeJ( .Ie " 

SPA'!';NIN,; AREA IA()I-J,',· 

rig 3 ,b Recrcit,-cent location ratio In tl1e ' .... AB,WC ',w; SySi'" 'll {ell (1\1 tile SI-'''''i{Ii.''', Arc" v"ria,,'~ 

<md (91 th~ Mon!h vmlabk fer the \'..-~ sl~ rn Agc l h~s Bank anly 'In tl1 e Lilgranwan jr;"nspOl1 

experimen l 

rotio' for each ,~i}(l\mi"g Ar<'fl (F1~. 3.I>A) Ih m ckarly ind,cale, that neghglhle reCflLLlt11enl 

oCCur, Irn1l1 lhe- we,1 c()asl sp~wnlllg area, 10 Ihe south COH st nursery ~l'~J N h'o l l1til~ LA13 

"pHWnll'g areas to the \\'~st Cllost nursery :I[,~J, Til~ WA13 docs c()nlril>ulL shghlly In [1.od~lIed 

r,'CTlJllIl I ~nt on ll,,' s()uth coa,l hLLI this i, mainly hel\\'~~n Apri l and ,Ilily {rig, 3,6f-11 when 

sp~wn."g m'll",ly is ~t its I("'est (Ikckky and Val l d~L' Llngen 19'i91. (her Ihe p..;ak 

'pa" n ing p-:; r iod' of S~ptCllI bo:r-Oclohcr ,mel hbruary-M ar"h a ,cry ,mall pcr"eLll";;~ () l' lhe 

panicles rckased onthc \VAB reach thl' south coaSI L1urs~ry area. P"rttd~, rde~s"J on the 

CAB, and particubrly Ill" olTshore CAll, head in hoth dl renions although pl'edOlllinJntly to 

the sollth coast (Fig ],5), Il owev~r, 1--1, 2')'% <.1fthe pm-ticks reka'>ed IwL'C I'CcruitlO the we'>t 

coaSI LllLrSc-ry arc'a and lhis LS nOI a negiLgibl~ aJllOlLnl. 

Con,iJcring these r~<,ults thL'~l' recnlitmenl s)stems "'er~ d~fLnc d for sardinl' in the 

so"lhern Ilenguel~, lwo dilY"reL11 r,'knli()n SySl~lllS and a ,yskm o l'transport l>clw~l' n Ih~L": 

I, The west coasliwestcrn Agul has Hank 1.0 west "oaSl ( \V A Il,'\,"C -WC 1 relenli()n 'yslem. 

Moddlcd r~~ l'lI itmcnt in Ibis system is th" proportion of p~rticle s rc lea,ed li'om Ihe 

we,l coa,l ,pa"n mg areas (UWCm, L:\VCofr: L\VCin and LWCofl) ~re~s til(lt are 

reta ined on Ihe we,l coast a'> well ~s II", propOri.lOn oj parlld~s thaI are lranspo rtl'd 

nortillvards IrOlll the WA13 10 th~ west Clla,t nursery ~rea, 

2, I' lle central AgHI h~s Hank 10 w~sl l'(la,1 (C A Il- \,,"C) IrallsjXlrt syslem. 

As \'~ry link spawn ing occur, ()n Ihe in,hore ,e"lion ()f the CAB in real ity (,~e Fig. 

,3), and given Ihat th~ ['~cruilment lomti()n ralio indi"med a leno:kn~y l()wards lhl' south 
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~6 _ CIiAPTER.l: LACR·\'<Cl,\1\ TR,\I\Sr01H 

coasl ""r>cry ground> frolll lhis srawillng urea, modelled r~cruitl11enl "' lhis sysl~1l1 is 

ollly cons,dered 10 be Ihe propOrTion of p~nicJe, lI"""rortcd from th <- ofl"h(lr~ CAB 

spaw"i"g area (,A80tT) to Ih" w"st con'>l nUf>cry ilrcu, lhis is Ihe only syskm "h~rc the 

,pawning ~rea ""d nun"ry ground, are l'C)mpkldy 'pmi"lly dist"",L 

}, Tile: sl)Ulh C('~'>llo >oLlth coast (SC-SC) rdcnlion sy>rel1l, 

Th" " " h)'pOlil""sed sy'l~m basc'd <>n the proposilJOn thm a south coast nHr~ry 

grollnd could ~,i.'I. Desrite ",ist",!; inshore ~olLnln-eurr~nl', vcry f"" purhccic> re leased 

from lh~ we'>t coa>. spawning ar~as ar~ lmn'porled sOll th ward to the AglLlha, Bank Al<o. 

Jnl'ik its cio'-C prox""ily ro the sOllth co",t llUrSer)' urea, V~I'Y few p:m i" lcs .1r~ 

mlnsron~d i'rc'llllhe WAR to thl' area, Lsrecmlly during the "'I1L1n"r """,tl", Therdor~ 

on ly lh~ prororTio" OfrnrHcles rclc uscd nn th~ c~ntrnl ~nct ~a,k'" Agulha, 1l'lIlk (CARin. 

CI\Boff. LAIJlI1 ,lI1d b \lJoff) reHLliting 10 the sOllth COil.'l nLJr,~ry ilreu contribule to 

l1Lodelied r"crlllllllent in Ihi ,> system, 

},3 .11 IIILWARiW(-V\,CSYSTI;J\l 

TI,,, sinb'k \'ariablc, and Ilr,t ord"r lllkra~tioLl' lOb'elhcr expiaL!ld 79.03% of the vammC~ in 

the GL\l I,)r the W.--\B/We-we sy'lem (Tahk 3.~). The a.O'lImpllOns I-or lh~ GLM analy"" 

T';)I~ :11 C~r"ml lin".r Ire<i~1 r""ults fDr th~ ' .... A'3 .. I,VC-'i,C syst",r in tt .... Lag"ngiar tr..-,r"port 

experinent sllOwing It-·e centrlbutlocs cf U-·e differ ent varl.bles te deter."ining medelloo 

r~cruillre"l The "'clin df~Cl> ad 'r:te",c li~" dr~cts uXI~clinin~1 'Tl~ r~ tr,w' 5% cJ lile 

vari"1C~ "~"he",,,. teg~th~r \'I·th Lmi",,,'at~ _,Wislics d th" r..-"ar1~t"r V..-,ILl"" T~sl e' SS 

\'VllOl~ Mode1 vs SS Reside'. Adjusted R' = o.n, p <. 0.01 • = S'gni'i~.nt ip < 0.01) -/0 

vari, nc~ "xplain~'1 = 1 00' SS""'/SS,,, 

Sum 01 """." Mean '" 
Squares " Sqllares 

, , variance 
" • • <lom c~pr!,inc~ 

Inler~ept 22%4717 22%4717 220~11 0.00' 
Single variable 
SP'''·,,1.',''''; Arc" 791942 , 1979&3 1%1 O.UU' 38.9C-
Ye,'.' 5303 , 8C{) ; 000' '" Moni." ~562B " ~0~7 " o C{)' 2.73 
Dent,', 3CY OS , 154S~3 14114 O.tXl- .~. 111 
T n',d , , ; 0 0.97 O. C{) 
IntNJction tNms 
/,Ion.'." "Dept.l] 10~74B " 41107 " 0.00- ~ 19 
Error 42698S 4"OU W, 20.97 
TOTAL 20359C{) 4320 376093 
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"crc mGt - t!Jt, rGsl(lual, 0 I' tran'rOri ,un:e" 

"ere llonn,!lI J' rii'TribUled ,Ind nu trClld W.% 

fOllnri ,n ,h~ 'nean and variancc of jllG 

rc,illuais in rdalion to jllG o)',crvcd v~hlc", 

I h<; rrimary octennrllant ()fr~t<;"nt'OIl on 'he 

\\'Gst "o"SI Was S["'lI'nIl/X .. 11'<'0. wh'ch 

e,plalned hy lh~ (11"1. Modelled 

recrUltm~lIl "'<I> highest from lhe l'V"-Cin 

area ancll.,\\c<,l frolll Ill" Wt\13 Ihg. 3.5). 

The LWeoJ]" ar~il had m(><klled 

reCrLlllmelll 2:'(% lower (h,m the l ' \VCill 

area whik modelled rocruillncnl was vcry 

sinllbr liom both lh~ in,hol'~ ~nd off,hore 

L WC areas. O,.p/l', w~; the nO;:l 111m,l 

Inlr"Tl~,n e\plufl<Jlory van able ~nd a 

.\fomh ~ /){"plh intcraction ~Iso ;l,COUIII~d f,){" 

o,'er 5% of lhc total \ariallce, Parti(ic, 

rd~as~d l[) lh~ l1pper 15m were I~," likdy 

to bc re('iillcd on the west ClM,t th'1I1 those 

00-

'" 10 i 

A 

o LI -";c,,-'-,=,,-L 
0-25 25-5C 

DEPTH(ml 

{ 

Seo N-:), Jon 

, , 
M,' M'i 

A..-:; Oct Dec "eb h<' J..-
-'AONT! ! 

LJ 0-25mL 25-5J", . 50-75,-" 

Fig 3.7 Mo.j~led rocru,ttrulnt in the WAB/We­

we systc.~, ror {AI th~ Dep1iJ 'Iclmbl~ 

al1d (RJ th~ De,Oli,-1.1onril i"t~rJClio" in 

tre Lagrangial1 tcal1sport experiment 

releas~d at dql1h (FLg. 3.7A) Also, IhG MOlllli'Dcl'lli ml~ra~tt"n is 111ml l1nlice<lbk l'or II", 

depth rilng~ with ll1(1d~lkd recrllilment king hlghc>t during the wintcr month, {M,ly-Augu,tl 

and IOW'CSl dUl<llg lhc summcr months t,"ovcmbcr-Y1archl (I'ig, 3.7[;), 

3,:;,1.2, II II CAll-We SYSn·\,1 

I'h~ smgl~ qm,hles ~lld lirSl order lILl~r""l]()n' togelher nplamed 89.62% of tl", \un,lll<:e 111 

Jnc)(kl Jed r~crll it IllGnt 11\ tile CAll" 'NC sv,tem ("I able 3.3 J. The interaction tcrm, were ~ I mo>t 

ilS impornml ~s the >ingle vanubl~, ]I' lhis 'y~tel11. explaining ,lim",l the ,al11~ amolEnl oj' lhe' 

tOlal VanallCG, TllG a>sumptiolls for the GL~l ,,,,,,lysis were met - thc r~>idllal> of Tr;m>jXlrt 

'"C~~~> w~r~ normally dislribu1cd anll no trend \\'a, fOllnd in dlG mcan ami \'arianc~ of the 

l'esidu,lls in rel(lTiollto lh~ "bs~r\'ed \'ullL~' 
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T~b", 33. GenNal I,n~ar mnd~1 ,,"suits br ~h<l CAB-' .... C syslem in the Lallranlli~n t'ansport 

",p~nTl~nl ,how'",~ th~ CDntrioLJtinns "r 1M dlflff~nt vanablRS to deterrr.II'·lng modelled 

r~cmtmRn~ Tile main effoc~, ~nd intorJeli~n efeel, expl"i nir-<j [1'.~r~ tl,an 5% of :11<" 

vJri~r,cc "re "h~WIl, :oqc'.h~r wi:h univana:,. s:~ht'cs 01 :h~ p~rame~or v~llIcs Te,', ~r SS 

Wh~" Mn<i~1 VS. SS R8sklual: AdjlJSted I{' = Q 90 p ~ Q Gl • = Sill,-,ific"nt (r < 0.01:, % 

v",i~r,ce cxpl,,;ned = 1 [>J' SS, ,,,,>,S,, ,,, 

Sum of ""9'~.' Mean '" 
Squares " Square 

, , v~ri~ncc 
" • • do", ~x~lain~d 

Ir,tercepl 171)842 HliB42 16635 
Single ~~ri~bl~ 
Year 4G94 0 585 5~ O.GO' 5.49 
/,bnill 24D38 , 0 21!l 5 2G6 O.GO' 32.23 
OCpUl 6611 , 

'"" COO 0,00- 880 
r • .,.-,,: , , C o 8;) O.GO 
Interaction terms 
Ycur-,''/'o"i!1 20807 n 348 " ~OO- 3602 
Error n39 r2!l " 10.38 
TOTAL 74596 864 6697 

The Jlowh vmiable Wa, lhe must impunant expbnatory vanabl~ b1lt It had a strong 

1t1t~raet ion wilh Y~a/' as well The period IrOn! Seplember to l\o\'embcr had the highc-t 

lIwcklled recnlitm~tll (Fig. 3.8A) while th~ wlt11n months May-JlIly had the lowesl In-cis, 

The diq"bulilHl WiI' fOllnd to differ sjgnlti~,"l1ly from a level dl,tnhution of- the mean 

modelled recrllitm~111 (-i - 12.95. df- - 1 i, I' - 0.018). HowevCf if-Oclober (X" - 16.33, di-

10, P - 0.{j)1) or \I ny (X' = 17.4 1. M~ 10. r = 0061» wtrt removed th~ di fference \\a, no 

longer "t":"Jiicanl In g~l1~lal lh~,,' b a Llrge ckgree 0(' illl.'ranllll"1 vMlation III mod~lIcd 

'~Lr1lltll1enl In-cis for each ll1ul1lh (FiO':. 3.RRJ Ihollgh modelled renllllll1cnt is rardy In,wr 

Ihon l'i% dLlr'lll£, Sepl~mhcr- ~{)\'et\1I->"r and rarely higher lhan 15% duril1g ,\by-July. The 

peak Il1 October i, most nOli,eable du ring 1991/'12 when Illore than 50% of the palticies 

A GL\I \1\2-0,90) 01 the rtCTILllm~nt IOC aliol1 rmio Illr lhe CABolT arCa showed .. Humh LO 

c~plall1 J11 os! (42.20%) () f- lh~ di ff~r~ne~ 1t1 recnjitm~nl I ocat ion with SlI111lne r months havi llg 

higher west coast recnlitrnent than the winter lllonth,_ and /)eprh .11,0 npl"itl~d C),OI% ofth~ 

\anance, The graphs oi'recwLlment loemion ralio by Monlh and fJeplh (I:ig 3,9.~ and [3, 

rcspccti\'elj) show , Imllar pat I""', tu the :'v["mh and Dcpth modelled reeTILilm~111 

rcialiomhips in the CAB-WC 'y,lem, 
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3.3.1.-' THE ~C-SC SYSTEM 

The ''''gle variahk' Ln the SC· SC ,YSlCIll cxplained 76,61% ofthc!ot~1 var"mce ill modelkd 

t'eu" i tment (T ahk 3.,t). When Ilr <;t order in leraction, wCrC iJl~ I lOlled 1 h is increased to 'W. G" % 

Ilw as>llmptinl1 ~ lor lh~ GI,M analys is were mel- [he re"dual, "j'transporl Sllccess ,,~r~ 

normally distributed and no trend "a' found ill the mean and var i ane~ oj' Ih~ reSldlLals III 

relal","to lhe "h,encd ,·" ILLc" 

,<';X/ln""K Area "as by far tlw LllOSt "" ronant val'lable '" th~ SC'-SC SySlc'lll t'xplainlllg 

nt'ar ly lhrec lfuarlers oj' the 1"(101 "unanCC, The (wo LAG olrcas h.ld noti<:eilbly hlgi>er 

morielkJ reeruilmnll lh,," the CAB area, (Fig. 3.5), and thc' CABm urea "as lwicc as 

sllcce"ful as the CAlJoff M('n. \\hleh had Ihe lowcst >lLCee ~" in Ihis sySlem. A Spawning 

,jre([~-\1""lh interaction "'IS the only other not.lh!e tcrm "' the CiI)'1. I h~ CAB ,md ~,AB 

areas apl'~ur 10 ha' e oPPQSllC ,cas<'nal paHcrns m modelled rccruitment (J- J g . . " I 0). t'>lodelltd 

rect'"itm~nl Ii'om Ihe I.AB area, LS cnn'''tel1ily "ny high Ir()ll1 August lo ;\pnl and only 

dc~redses slightly o\'cr \lJy-.lllly, In contrast, 1l1odelled reCril itmenl from the CA ll areas i~ 

ILlghcsl 1[0111 May 10 Ju ly and lo"est from OCIOI-,.,;1' to MaL'.:!), I'herc is (I nnlicccable trough Ln 

mod~lled rnruLlmcnl li'oTlllhe CABin area lilLnng Fehrual)-'-t'>Iarch, 

rabi~ J.": Gene ral linear model 'esulls lor Ihe 8C-SC sys:em il" :he Lagrangian Iransporl experimenl 

~l1 uv.'ir'lq tnl' co,,:rir,utiuns 0' 111~ di~~ rcn t vllri"r,,"s 10 ul'lc'rTlininq mudciil'Ci rCG r"i lrTl~nl. 

The 1l1~1I" ellAcl, ~ 1"(1 i nlAraclior' ~ffeC"s expl~ir'lir>;J mom Ih~ n ~o" allhe V~ nar'lce, are ~noW I" 

logelher 'NI:h "nivariale slalis:ics ollhe parameler '1alues re s: 01 S8 \Nhole Model 'Is. SS 

Rcsi uuu i: AUjUS:l'8;;: ' = 0.91. P < 0.01 • = S'lnific"rl (p < 0.01) % vuri"ncc l'xp l,,:n ~ u = 

1 OOx SS",.',.IS8,,, 

Sum 01 D·U"' '' Mean '" 
Squ¥es " Squ~re 

, , v~,,~nce 

j, .. """, ~ ___ .. exE~in~d . 
In'Acc-"pl 1BJ 4b2 () 4 1BJ"B2[l.1 276J.17 
Single variable 
S,Ouwn,'r,'~' Arc" 171"506 ; 571502 eBOS 0.00' 742b 
Yew 2BOB , 

'" 
, 0.00' () 1 2 

l.Aon/fr JOMB " 2e04 42 0.00' 1.J4 
0...01,', 200J2 , 10016 1 51 0.00' 0.87 
76",1 ; , , C 098 0.00 
Interaction terms 
Sf.'~' .. ·,'"ng he,,'MDI'!:' 217"JJ ;; 6589 "" 0.00' "" Error 216251 3257 CO 9 37 
TOTAL 2."308127 ."3456 59972b 
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I.JONTI; 

D ("AR" U CAfWi • [ARn 0 [ABc~ 

Fi(] 3,1 0 M:x.k lluu r~'Cru ltt" ';"I I " th,; SC-SC systBrn lar the Spavmmg Alea'!.l()"'~ intilrOC! ()11 ,,' tt1fl 

La9 'a:lg I 3'11'.~,"Srm'l A ~oe 'inlO!"l 

3.3.2. (;" "'I",, ' i~" !1 Wllh "rld c~l i, lI~ fc rll'\'C ruifln~lIf 

J\onc "r Ihe 11I"J t:lle.1 n."I:fI,, \lIlCnt a'hun.1h.,s fnnn an~ 01 Ih.:: thre., Hx",itrn.-1l1 S~~I':11l~ 

emTC'laLC'J s;l!nifi~~m 'y ,,;Ih IxI;;k-ca "lJl ~L "d rc:;;.uilmo:rll <'Slimak!>. a llu all had ,C'ry Ic>w r 

''3'Llc>' (WAB WC-\', C sYSlcm: r - 0.35: CAll-We sySlcm: r - 0.17: SC·SC ~}'M~U: r - 0.14) 

\\"lIh Ihc CX"':'pI UIn .. 1 1'19,·'9-1 , I',h u i,c modc-lkd ro.."I:fUllmcrU aoomalic~ III Ihc CAB-\\C 

syst<::m ""I"<" ~I" n>s IIc~ .. ' mp;IlL;...u "Ith I" ... .. " '-" aoomahC'_, ;n the SC-<;C <) 'km a nd hkcI' ,-.;: 

[i.r ''''!!~II,e 1n"nl.~ [,e, (I-ig., 3.1 1). A ';gn;l;cam po,,;l;,e eorrclali. on bcl"~"<:n lh.-s.: ("0 

' y'tems wa' l,lUnd (I ~ 0 77). In "nl} I hr~e year. "erC the an"m~h~.,. o [ ~II ["ur ,",h~~, Ihc 

same loign (allli"!l al!~~ <n I'N~.~Q and all p"sitiv,-" 1~47/',Ib and l~jlI~/9'!). I'OT Ihe laSi \W" 

yc~r~ 0\ Ih~ ...:r ie,_ n<Jn~ ,,( thc . YSICHl' had l1lodeikd rccrUlllllcnl an()llwlies corrcspond ing 

\\ ilh lh ~ [l"c k -~'a l "u I ~IlC(t I"L'l:rlIi lln,"' l "nomaly. 
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< 
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w O.G 
> 
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w 

" , C 

-1.5 

Y~~H 

<_ Hock_c"'-.IJ;aI~cl ,"",I"R~I~ '_ ·'NAHI"""C_·'.'.~: ~,,,~,,, • ::AfI _'N:: 'jot"", 0 S::-SC 'I"t= 

rig 3 11 StandmdlS~d anom~li~s 01 ~ still1"tM s"rdin~ r~crll i trl ''f1t ",d th ~ mod,'.I,'d r~crllitm~nt in 

"~Cl' SYSt"~1 for tl," "i[ic,t ,e"" of iI'" L;>'Jr~ngi~n tr~n"f>.">r1 "'rerill1"nt A-lOll1,li", ~re 

calculated as the dlllerencB betweB~ thB value lor a g,veo yBm and thB mean OVBr thB Bight 

.H. DISCllSSION 

I he modelled renlLilment levels presenl~d her~ ~ re hypothctic~1 and in no "'ay 1'~lat~ 10 act ual 

kwls of r~crllilment, 'nlCY do howevcr give insight illlo ho\\ thc cUl'rents of lhe rcgion ~rl' 

likd l 10 lin·our or hlllder lhc dmnccs of success I,d rc'cL'lLi IrnCHl oi' l'g;;' sp~ ",ned al d Illl'rCJlI 

area, ~nd llme,,_ It IS 'luile dear Ih~i th~ locail011 ol',paw11lng has a llla"i"e imp"c\ 011 "'her~ 

reCL'lIillllCIll is likdy 10 occur ~ nu thi s r~sullcd Ln the idcll1ifLcatlon l)1" Ihrc~ p(\ss ible 

on location of spawning ~nd r~cl1jitment, Nelson and ]]utching, (19(;7\ pr(\p(\sed a clo,~d 

SVSil'Hl jilr anclio\y in llie sO lilliern Iknr;lLcla l'cosy , km witli sp~\\'lling occu,-ring 

p,-edOl11inaJlIl;' 011 Ihe \\-AI3 and all recruilmcnl OCCUITlllg OIl Ihe weSI CO~'1. Opposildy 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CIlAI'TU{.1: I.M,llAN(;IAN TR \:-.fSPOII 1 _ ;;.1 

mo\'mg offshore (nOrT.hWHrrl~) ~nd n~Mshor~ {solltlw.ard,j curr~nls, Wilh speed, I'or lhe most 

pan cxcceclmg swillilning speeds of anellO\'/, (and ;.ardine) b""~e, sugg~st that the species 

d~pend, on I"'"'''' lrallsport orrepmdlL~ti\'~ prodLl~ts for th~lr sur-i,al 111 th" ,v,lem The 

re~ IIIIS general~rl by this model conn,."., th is icka of a d",,,d syslem 011 II", west ,'oast, 111" 

W AB/\>''C - \'·T 'y' t~1l1 1-10'" ever, lhe La sl ward spawni ng "'XI~nt of sn rdlnc suggCqS that lhc 

WAB/\\ ('-WC system alonc doc's nO! incorpor<lk all "r lhc 'paw",ng aeli\lly of sardille_ 

Eggs and larvac Illay not be lrun'poned 111 Slgl1ilica11l llumhers OUI of thi s sys lenl but oldn 

sardille lish are "bl~ to swi]11 heyonrl II to lhe CAB ancl LAB 10 'pawn. Thacii)re [w" mha 

reo: ruitlllCIl1 system, w~r~ d~r,ncd. th~ CAB-WC 'y'lelll has eggs ,pnwn~d oUls ide r>f thIs 

'doscd' 'y,tC]11 lhal are abl~ to ellta il and r~nuit to Ih~ we'l COost (i.c. il IS only closed to 

p~r\icle s leaving bllt nol to p'lIlicies eniering tile systcm) ~nd th~ SC-SC 'y'[~[l1 how mml] 

eggs spawncd 011 (h ~ south <' oast ar~ r~lairlCd 1" possibly recrlLllthere 

A flll1d<lnlenlal (]iflo:r~lKe betwe~n th~ threc systcm, is on~ orr;;l~ntioll V,_ lnll1sporl. 1l,e 

spawnmg and llurs~ry arc ... s inlhc CAB-WC 'y,lem are complete ly spatial ly disi>IK'I (l1lhis 

'yste111 parlll'les wlil Sl1~('~ssl'ully r~~nLLt if they m<ln~ge 10 find Ihe right cllrrcnts 10 transport 

Them "cross Thc Agll lh~ s lIank to the c~pe Columbinc J~l ~urrcnl, whll'h l'oulJ lake tl1<'111 lLp 

th~ ",cst coast. In contrast. lhc SC"SC SySI~Lll has larg~ ly ovcrlapping spawnllLg alld llurs~ry 

ar~as and suc('"ssliLi renlLltmen t reh~s on panicles 110l heillg tr~nsporte d out ofth~ are~ they 

<lre spawned. Rctcntion of p~nicles is irnpormnt, and th~rd()r~ par1i,'I~s will ,uccc"I'uli, 

r~l'n .. Lll il' th"y don'l gd lransp01kd weslward across th~ Agulhas Fl,ll1k ~nd ,ivoid being 

caught in lhe fnst,fiowing Agulhas ClLrrellt_ Ihe WAB/\\C-WC systcm incorporat~s bolh 

lran'pOrI and rdcntion, with thc WAI.! and s~ctions or lILC LWC 'paw[lIng area, l-,c,ng 

separat~ fj-om the llurs~ry ground,_ H.,,-~ panlC'l~s will su('ce~I'ully renLJII ii' lhey <"C1l1 I.,., 

succ~ssjully transpon~d 10 or ~re re l ~ inecl on the "' est CO~SI, ~nd thcn ~\'oid offshore 

mh<'Ction hdi)re they reach lhe slagc wl-,cre (h~y ar~ ahk lO rctain th~m,elv~s I[llhc nurscry 

grOlll1ds. The WAR/WC-We system is in purl similar 10 lhe nonh~m Rengu~la ~~osy't~m 

whcre sardillC spawning oCClIrs m the upwellmg ~re~s and sllc('essful rc('ruitmel1t is depelldellt 

on a\' oidi nO'; 0 l'J,h",~ 10" (Stcncvik d al. lO()] , 20OJ). How~vcr thc inclus ion of lhc \>t. A I.! ill 

this system ill~orporat es an aspe('1 01' lh~ generally a~"epl"d id~a 01' sardi"" III the soulh~L"L1 

BcnglLcla ~cosystem having distinct spllwning nnd nllrsery are~s with tmnspol'l betweell the 

two ""Illg ~ss~111 ",I li)r r~l'rur1mCnl (Craw/(H'cl I nO). This arca of th~ v .. " AB..' \,"C- lAiC systcm, 

and Ihe CAFl-We sySI~m, " slllLlla,- lo previous 113M SllLd,cs carriGd olLl In lh~ soulh"m 
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case no "' .... , ..... ""'"t occurs at ...... ,.,,1-1''''. 
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1. 

......... n" • ., were out 

same manner as was 

to 

a rlTtl,rlP,on to 

with a constant 1 

Table 4.1: The fixed n~r''''m'''t'''l"<::: and variables used in the T"'"1n"',I"'",ra Ire-OelJerlOem """II"'ll'Inm 

their ranges or values and n 

Lethal minimum t",n"lnlZl,!"'",h 

Variables 

Year 
Month 

Trial 

Area 

10000 
30 
60 

1 

1991/92 -1998/99 
Jul- Jun 

25-50 and 50-75m 

9 
8 
12 
3 
3 
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,... 

-------------------------~ 

4.2: Flow chart deoictin of the rnr\l;",II, process for the 

blocks r"' .... 'r"' .. <~.., added nro:r.I'I<O::!<:I'I!<: 
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Tabl~ "2 EquJt1on, of IIw functiun, fil to the laboralory dala of slagp duratinn (0) at (ilf<prent 

tpmppral.Jrp~ (I) an(ilhp staliSlic~ ()f how w",1 each eqUJliun <ii, Ille d"IJ 

Stage 
Egg 

Yotk-sac 
larV3 

Fit 
BAI~hrij(id 

Negative expol1entlal 

PulynorTlial (qu,,,I'''lic) 

B~leh"idAk 

N ~'9aliv~ eXPGnenli,,1 

P()IYllOmial (qua<iratlci 

Equation " p 
0 (000761 O.OO14r1." 1 00 <C.OOCI 

0=411.:;6e"P' 0.~2 <00001 

0= 361."8 - 29.901 • C6Sr 0.92 <0.OC01 

0= 10GGG:it - 0 (025)-D '" G ~~ <0.0001 

0= 346 82e" '''' C.93 <O.GOD' 

0 ~ 4071 1- 3207! + 0721' OY; <0.000' 

(emperatures colder lhan thL') (0 SOh at 22°C)_ Th~ early' Ian'" curvc is \'cry stccp ,11 cold 

(em!",ra!",es . Slage UH"lIion al 11"'(' (S60h) is lwicc as long as at 14-C (2S01,) Jnd more lhaLl 

three times as long as al n 'T (160h), 

1 h~ a\'cr,lgc tLlllc taken to undop to lhe late Im-", ,!age m the ",,-,<lei ano", "II ,P"W"lllg 

area, at all depths duri"g all month, b j lIsl ., hm! of 14 day' (11,66<1), Ilowc\'cl'. I his \ ~ ri cs 

~~-----------------------------------

-= 4CC 

• 

~ 
.. -.. -

-
-'-.-.. -';C .. ~."'~."~:c"-=-'-::,::::::::c:::::;:~ . . - -- .. . -.-. ~ .... :.-.. - ~ ..... :- ... : 

'4 16 18 20 22 

TE\-!PCRATUP[ :OC) 
• [.J.J • Ya . '"0 :.'V" • ~Ny Imv~ 

H i) 4:1 . The relEllonship belw~~~l ~t"g~ dJr~liun a.-xl I"'"p..-atum for top "99. ynlk-S3c larva al1d 

early I~rv" ~t"g% rOlnt~ mp'~~""t actual lab0ratory datE for egg ~nd yolk-oJe IJrv" (King 

1977i and pwly 'arva (Buller e! ~1. 1993j. '~lJ lin~s '''~ BeldH~Jd c'(lua!iuns filt""i 10 tee data 

(egg a = 0.0076, {) = -0.00"4, ~= 1.9IGO: "arly arxi ynlk-oac la,,",'a a = C.OCC:; , {3 = -0.0025 

y"-G.6~OGI 


































































































































































































































































