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CHAPTER 1: 

t.l. THE BENGUELA ECOSYSTEM 

The Ben!~ela off the SOllm·,west coast of Africa is one of the coastal uDvvellinll 

rcgl.on~ of the eastern boundaries of the world ocean fDa,"";,,!. et Mann and 

This is inter-annual and inter-decadal 

in recruitment from variations in environmental This natural 

is of in in abundance of 

some stocks et encrasicolus 

is an off South Africa that shows 

fluctuations in A 25-fold variation in biomass has been 

ob!;en/ed over the 17 years {BIUlUlge el 

var:iability is presunlably a.!lsoc:iab::d with the vulltlera,bility of to environmental 

fluctuations in the recruitment of to the 

(Hu:tchings and anchmrv fClrmlerly called EnJ~raulis cap'en.s:is was considered to be 

an endemic species of southern Africa. Ho'we1{er. now it is considered to be the same ~PC:H"IC5 as the 

EW~opi~an anchm,rv E. encrasicolus (Wbitehe~ad, 

cla~.sijjication will be used. 

1.1. LIFE OF ANCHOVY 

the E. encrasicolus-

1.1.1. The AgllUbllS Bank IIIIId the spa:wnine process: time and space 

The life 

An.ch()vv spawn serialliv 

with a mid-season 

of ~ml".lilo\lv in the southern Bellgu:ela has been reilltiveiv well studied 

austral spring/£;umJmer (Se)telllber to Mal~hl nll:U1UIIi) Bank 

in November {Stlelton, van der 

of the Western AglWDllS Bank 

the 

mid 

Shl~lto;n el 

spa,wning areas to the Senual 

et 

the uD,,,elllinR; centers off 

variable but prcKlucti1fe west coast (Shlelt()n 

HUltchiJngs et 

1.1.1. The west coast nursery area 

spslwning season show the im)ootllm:;! 

spawnina area (Sbelton, Anlnsu10ng et 

"' ...... LA'"'''', h01Ne1{er. indicate II shift in 

and Eastern AgulhllS Bank subseqlllent to the 

eggs are trallSporte:d via a shelf­

AmtlSm::mg et 

to the 

'tt 

The west coast is characterized an inshore nursery area located between 

and the Orange River Once anc:hmrv have grown to the juvenile 

to the J\gwn:lS Bank to SeI)ternbe:r, where spawn at the end of th~ir 
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iiI'$! )Ie"" {F.. 1.21 Tk firs! 0:10..- ovido/lOl: lUI m. lhoJf~<iF frontal jot <'W1l:n1 ployt In ,mporun! 

.olio III lilt \faIlSpO!I of icbth)'Ol)lal'lluon from 1M Aplhu Bank 10 lht "'.SI CQaljI iJ provided by 

Shokon..,111 HUl(:h, ... (Inn hlllP'te or_ 0:10 ... funM1in& M aDeIloV)'.W 10 tile nwseT)' aroulKb 

from tho AI\II"-, &Ilk by Ihc: jet ClllTenl ... PJbswlIJai ofT.hore .U 10"" hi, been ,u8g.!I~d along 

the r...-t 10 unfavtnblc lonhuel (Boyd ~I uf.. 1992) 

• ~ 
= --• ..l 

Mm 

". 

100m 

II' " ". 
Longiludt 

R l .... 1.1. Composlte distribution map of aochm')' "1&1 roIlttlOd USI"I • C.IVET ...,. dun,. 

.. nual pelaa.tc 'l>I_r boomaN; sun..,., 0\-'''' !he penOd Im-2000 Dauo updIled froM vu lief 

l,,,&,,n '" ,,/ (2002) The loano,," of tho WAD (WCSI<n Aaulhas Bank~ CABo. (C"llIral Aau1hu 

Bank of'Mlln). EAB..(Eastc:m A&Ul ..... BanI< insllorc)"'" EABu.r Ce.",.m ...... 1 .... Bank off.bur_) 

,..,. ... '1\1 .. 1"00Dds ill. YoowIL n.e.e areas used 1m !he iDdIvoclual baed IJIIIdeI (IBM) do, .... ..., 

",dicalal The boundan .. of cadi aroo ..,., base<! oQ Ibc lOll and 200 111 ,soI>aIhs 

~nl "nvuonmenlal ud blOWs:ieal vanabIa .,... ~"OIl<Ki<~ 10 ,OO\ltIU !be ",.:n"lmeR' 

,\OCCCSJ of lUKhovy. Tbtft ,n.;:Iud< lempnlllI=. "'~ food ."",Lability. rutbuloDtt' ... b,IU),. 

prcOallOll, "..,..UIMIII, p<lpU1100D dell$lty and JroSf ea.. prodIIctioa. ill welt a$ loca.Ii(ed Ind 

... dHproad Dtt'OOjpaIlhK: .~Q" (Lnkef. 198', HUlo:h,op Ilnd Boyd. 1992; tocll,,,,,,, and 

H ..... "' .... 1995) kec.:1ll1t>01k1"'l.u>dio;f b.>..:d on ADCP I.Dd $pOW ..... bK>m&SS dltl ha.\~ sb1)wn 

that ...... tIOllS III til< advodlW proccuu !hal Iransport anchovy egg! and larvae In the $(tmhem 
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1M t ... , 
Ikopcll r~11IJQ IRI)' In/luma the stmIJlII uf...dlovy ~r-t~""" ~r tJ/ .• 1996. Bo)'d and 

I'ociJOn. 1998). SIUdI" on rtenlI lln<lII .... ,at;on .. 1M SoUIh Afnc ... anchovy I~ lILa! "'UIIIP~ 

fXlQN IIpIlGIIO InO......:e r«nlllmCnl ~~"h. Howc.-... In IInY one ), .. , lC~tt1.I difl'.rrnl r~IOfI 

1IPPt_ 10 operW. mal"" if. dtfl'",uU 10 ..,ncnhzc (HulC btny .r w_. 1998). The rucarch dr:IC"bnll~ 

tillS tI"'S,1 .. 'HIi ..... the role- or.·1nOUI awironmrnuJ r.., ...... .oo ""010,,,,.1 process,.. on Irt)wlh. 

_ahl)', IRD>p)n, mennon In the nursery ~ .. and disl,ibuclGl of ~lrly Jlla.' of .... hovy In 

IOIIlhcm Ben,ucl. SY5Icn\. Th. m,mw:I>on of these Factors and prOC('S$6 wIth ",dlv;du~ 1 '·lI"lllIon 

WIll IIso Or e~plornI 

• "<> = -.--.3 

s r-~-------------' 

_ Upwo!hna 
10 !l>,.WIOI" 

.... T •• ; I --"'>­_ 1000;lq:llh ........ 

Longilude 

IJ. 1",\("1-011.5 1"F1. I,;I:J'o CI"G MmrfAl..fI'V, GI(O\\T H. TIlANSPOKT 01' ~: ;\KLY 

ST"Gt;S 0.· A~CIIO\'Y I" BH.GU(I..A .:COS\"STEM 

IJ .I . £1\'1.""n,n •• I ... riabIH 

The phy"calen"UOllIlKn. or lh<: CaP<' _hoY)' II biihly "anable, ran"ng from Lb~ wann 

,,-a'm of Ih. ",ulhlll< Ibnk 10 Lbo cold W:U~1lI or lIIe ""'I'l C(lUt !lIM ~ 51rongly influmtnl b)' 

"'· ... 1 upwell;", cell, 'fhll vlolabili!), i, due 10 Ih. mnuc~ of pulslna e,,"en'" (Agulbt .00 
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1 Introduction 4 

bl()lollJ1c,al response to 

tn1p'I'"!lIn,,,,,, to cntlcal emrironm.ental 

tow,ards Wldlers1:andlmg the rec:ruitme:nt pI"OCeSS is des,cribdng and stu<iviru! 

eggs and larvae (SundtlY 

column is an imT\nriSlnt feature 

mte~rac'llon bet'wee~n water density 

so are nelltrailly or nelzative],v 

Buc)yancy has an Imlme1:1ialte 

horlZolntal trallsport, spreadmg and ,,,.n.]"v,,,1 

are is 

to inshore blooms in et 

summer season, processes are 

is also a 

ocean west coast 

SUIllmer season et 

and to 

is warm water current and 

waters in diverse 

success 

to on extent of a in Bank 

et and A 

egg on 

et In that 

rates et 

warmer and of 

food cold water individual rates. 

it is 

in 

water on may extensive 

in are 

to extremes than et 

of the range E. eggs 

et maybe 

to extent to a et 

are to per. 
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1 Introduction 

En.vil·on:mtmtai processes 

current as a 

succ:esstill tr:anSI)ort of 

to nursery areas on the west coast (Fl1,wl,"r 

HUltchings et Tr:am.port success is in context as the prclpOlrtioln 

processes 

are as: 

Eruricrun(mt: processes 

CClncenltrat:iOIl: processes 

areas. 

retain 

nursery area. A 

as 

of 

conditions 

These processes, termed ocean 

upper water columl11 

areas SUlltablle 

In Belngulela ecclsy~;teIln, rultrumts in water upvvellced 

5 

as 

upper water COllumlt1, lfnnI'OVlnll 

uP'we:llil1lfZ process pv£,h" • .., from 

COl1ldltlons for teeclmg In an east-west dmectl.on, 

fornrmti()n of to stnlctures 

are frequently a~;soc:iatf:d V ... IU .... '<'!l IIlixiing in 

to increased nri1mAl!'V 

water ext1ending otliiholre 

a to ocean, 

productivity (~;hiIllington et ,oOleMilifell et 

in 

use 

<U~IWl'U ""UUI!l;l), a cOlncc:mtJratilng mechanism occurs in can 

Bakun's 

be 

olilgotJrophic areas 

as vertical mil~at:ion 

are cOIlnbilned in 

a OOllOlt:-ce:H UI)Wf:llirlfZ stnlcture 

to 

to 

retfmti()n may be entlanc::ed a biolog:lcal straltegy 

to imt)rm/e 

rellention occurs use 

to return to nursery areas. 

reS4ean;h were: 
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To quarltify 

success 

area 

Introduction 

envirorlmental and blologic:al 

and 

processes 

processes that 

current in nursery area. 

To and nursery areas with to the sources 

To assess an nursery area 

success 

processes success. 

success on 

current to suc:ce~;sfl;1l1y traI!kspclrt 

area 

et 

to nursery areas on west coast (Fl1.wl,p.r 

season 

a 

It is assIJm~:d most 

conltaiIlS the 

November et 

success 

with water 

In two 

that 

and Is 

that is 

are 

recruits to west coast f • .,lhpl",J olrigllnalte 

spavvner poillulaition at 

to 

are I propose a 

and 

area. 

Is 

to 

any vertical egg 

current 

HI The buovan,cy eggs larvae a in 

in spc.rwning QTll'Unli<; to nursery area, olf..~h()re adve(~tiGm once 

transzwr,feQ to or near the nursery OT()1J'I1'd,<;:, 

A anchmrv egg and 

Ilro'wth is tenlperatlJfe. the nUr'Q"'''1 areas are very different 

terms is bOlmd(~d 

in the west nutnellt-rich uP'lVelled Wi:llCl:1, and the east the warm, nutriellt Cic!t1c:lent 
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l"troductum 

water et water 

in sununer et 

range to 

et current the 

water 

adJiacc~nt OC(~nlC waters can 

to characl:eri~~e vl!ria:bili1ty in sea sur1:ace terrlpelratulreS 

coast indicated ternlperatuJre ranges to 1 in 14 to 

7 

betvifeen 14 

8 

et 

west 

sununer 

(Rilc:halrdsclD et 

interacts 

tenlperatlllre on tnClllVldual (rrovvtll 

is 

H2: Jinhal'tce~d tr'arl.'wort success def,'en41s on a cmnbi,nat,ion 

to nursery areas 

I'IUJ"'I:,n"Varea (te,mper{'Uulre-;rief.)endeI1t O'lrnM,fhi 

as a tt:t,nu"JU:(;ll/rj. 
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1990- anchmTV blionllaSS was 

east 

disJ:,layc~d a marked Chaltlge, 

east coasts. is 

spawmer biiOnllaSS was aSSI[)Ci~lted 

west 

8 

and 

more 

LUlj;;";;U et 

in spawnler bllOnllaSS mamti~stc~d in in anchmry egg disltributiCIn 

were nh"enl~11 

an(~ho~vv was 

unstable betV\reen 1997-2001 (Hultch:ings et 

recruitment 

van 

any recruitment over years 

(Blllrlo'wet 

blOma:ss more 

recruitment was not reflected 

ore:-recru:it survey 

to question, because it is pos,sible 

Novernbc~ spawner biomass survey ShC'Wf:d an 

rec:onied since 

et 

west 

recruitmlent success is not 

par'adiwn is 

afl(~ha~vv ml1lvll1nal~ to n,n'C:PT'V area west coast. It is therdore 

a role as an altcmllati\'e rc~elltio,n nursery area. r il.ldllV _ altlCflOVV 

larvae emplo.yirlg vertical bellaV'lOr str<lte~tIeS leadmlg to active retention mchVlldu.als in 

nursery area west coast An to current 

status ancho,'V in southelJ1 B,engllleia sysltem 

dislcus:sed in 

H4: Retention processes on the Eastern Agl'l.lh(IS 

rnl'1.fn'hu,tt" sl!lb~,tQl'lti'illy to nv,,,,rnll anCl10l1)J recruitment. 

introdlllctO:ry ctlaptc~, '"""av ...... 2 outlmes to imp,lerrlent 

are 

common to varilOUS IBM experirnents are descrit)ed, 

Cha1)ters 3 4 explore anchmTV eggs 

spawning process, two emriro.nnllenl:al v'ilfialbles, 

nlnn~lv water deJ1Silty to tr8JtlSp,ort success, ,",ua",.... 3 de~;cribes an IBM 

expc:rimcmt de:si~ed to Slmtllate ancho,'V eggs to variations 
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water dellsity spa1NI1itlg gtounids t'O nursery area. IBM 

eXJ>erime:nt diesClribe:d in vUi:llV~"'1 4 was designi~d t'O tenlperature 'On 

'On the traltlSp,'Ort success. 

In "'-''''''V''''1 5, an IBM eX}:>erimeJtlt is t'O examine traltlSPlOrt retlention processes 

c'Oast. 

>10 

In 

are 

in 

reiiereJtlce t'O 

6 

the 

in nursery area. H'Ow na!;shre bi~halvi()r 

nursery area intluen,ces trariS}:)(Irt and retcentJi'On is expil'Orc!d a 

a 

t'O 

area. 

and processes, 

and 

and 

as well as 

a the 

D'O;St-I'af1,ae is 

nursery area west 

assessing the reslde:nce time 

was errtpliJyc::d this 

..... ""'.,..u.:.l outputs and 

m'Oliels are diS(;USlsed. sc'Ope 

agrleerrl.ent with cunrently 

pro-posiea h~fP'OtheSies are expl'Ored. pre:seIlt status 

s011thiem HellgUtela :SY~'lClll is re-'VlSllea 
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2: ..... vn ...... ...,' AND 

EXPERIMENTAL APPROACH 

In an based 

was to test the set of in the This is 

characterized the with an to 

the and the the 

process, I the et 

summarized as 

MallIliain the slm1pllcllt}' of the model fonnulaticln and 

Find the anrlfOflna'te level model that solves the oro·blelm for 

""l'.:&1i".0 down" Grimm ,nvn.v""" .. l, ... ,tino with a 

very coarse model and 

of the V8I1lanCe, and oro2re:ssi'll'elv further levels 

"'AI)"'llU an 

,",Vllll""'''''']' to 

the model. 

Use an explerilmell1a1 l'In.u'nlal'h that starts with .u ... ,u; ... u.,., nY1)OUleSl~S in temlS processes and 

then asoertainirlg the best method 

irmmel1ial:ely ':&l'l',!"nb·rt so as to avoid 

the h}1:lotllleses. Once results are obl:alDled, are 

then be to assess the 

a nattenl·Olrierlted approac:h nV/,lv."" first U ..... ULU:.I!!. 

and then UWlJUUD:, a model In,", .• u,-, .. ,,,,, the mechfIDu,ms and 

will be tested. AltemaU\re llinnUlaUOI15 for in the .n(1'''I1(1. 

used to simulate condition under which each rest 

model. A "P"""T1V' 

to variations 

are 

nr""",.."pn to occur. 

final 

Grimmet 

the response variables 

..... , .... 'OJ''''''. and not to be 

With this tralme'wolrk: in 

and was iml)lernel1lted 

.. JUU"'JU15 prclce~;s used an IBM coulnled 

2. 

• ...vU'."ll .... each IBM to the IVUHJlJlVUiIUUII'; model 

• of the eXJ;lerllmeJltal proltocoJ criteria and response 

• 
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Ln.~'''.'r 2 General 

IBM 
models 

2.1. Flowchart of the meltno<lOlC)glc:al 

2.2. MODELING 

the IBMs to the hv,rt .. ,.ri",,,. 

tHJl'I'OliCh and methods 

Visualization 
tools 

Statistical 
tools 

nnrn""h \LU .......... ',u after Mullon et 

model 

The were COtlple:Q to the nV(lrOC1VnamlC model a 

aD[lrOllCn 'U'II'U'"'' movements of a discrete which is ,.r"TP",.n 

mt.luenc(:s the ...... ,""'" responses of the environment. The "" ..... Ull'~Uo;;; pmlnln'VPl1 in this 

was that of Hermann et The nv."lrnl1V1"".,nu· model was run once and In'lll.'-n~I"<;:­

decimated time-series of the fields at each of the model were stored 

stored OUltDuts of the nVIlIl"OClvnl!lml model were then used in the IBM in three ways 

As direct 

As post-processltlg 

To define simulated " ... ",n ..... n" average 

VBJ'U"_" in Qet'enJ:une:Q lClcalt10IlS in the Qonnaltl). 

and Y"'I'U"'lH 

the current and series 

2. 

II 

This 

These 

The ""J1111~,W':UlJ'U of the mM used stored from the IlVlI"'''.V model with a time 

of two 

but rather to 

nVI[lronVlriarmC model was not intended to r"".r",<I .. 

environment that has a sufficient 

any true year in 

of and temlporal 

10;;;""'''1,11 to be used for the UnJ'IU.<I"'.U model simulations. From the 8 years of PO!lt-eQUllllonUlm 

5 years were selected for to the ffiM. This constraint was ImJ)os(:d 

because the individual based lUUUo;;; •• ul". "" ... " .... ''1 ..... ;nl" ... ", .... ,."t .. " -"'-----J o;;;,I\I)II"'lL "'U':""'U1I, water 

nrnnprhp" and Dlollog:lcal nPI,,,Vlnr that ",u .... lo;;;,lnmethods. the 

for every --'''''''''''1'1' Im[IOSC~S a cornplltational constraint on this of IUUW;;;lll''''' 
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"'nr.rnlu~h NOlnelmeless, these years ... ,.".v ... " .. Sllmlcu~ntlly u.,u." '.il,,1 , .. ,,, ......... .1,, to test 

presentect in ch~lDtc~r 1. The ,.." ..... '",,.. rI, .. ",.. ... nll'i"~I" of the ... VI ... .., ...... '" Drclceldur'e are nr,..V1I1 ... ., in 

relevant "",'"',P"" 

field 

IBM Scenarios of simulation w:ltb 

current and nursery area 

U,v, and w velocities with time 
La~~rlgum trl!lj""~tnl'V of ..... ,,, ... ,,,,, 

a 

of 

were extracted from PLUME 

2.2.2. H"' ..... ," ..... 'nn model 

The environmental 

ocean 

used mMs was obtained from a hv,I1I"(!llfvnl'lITlI~ 

on the Regional Ocean UJ,,"U'''ll''5 sv!l:tem \J."'JUJ.."" 

the free ..... "''', ... h'lfdr'llStilltiC. nM,mitiv .. eqtlabi()DS 

over a variable to[102r8JllbV OrIJtlo~:onat curvilinear coc)rdma.tes 

Q..LU-"V.H'''''' H.'''' ""'""" ............. ," in dimlension. The 

to SOllID'we:Slelm comer of the African COllbnent between 28 to 

for PLUME was SInlllOJ:lllen 

resiJIUI:lOn ranges from 9 kin at coast to 16 kin nffi~hn·r ... 

vemcal.""vlu,UVU 3 lateral boundanes 

ocean connects all of 

The model was 

fluxes from the '-'''-Ir>.JI.J..:J ocean has a 

et 

bOlilZ()ntil.,l and '<!rr'~t~I'''''' 

is Dle-ShaDC~d 

the open ocean, an 

a basin scale 
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a..p.,1 

- --, , 
5110 ( - , 
, "'" , 
I ~Oll 

~ 20(111 -~ -j • 15011 
0 

.lUUU 

J5QU 

40(1) h 

LOIlj!il udc 1li ~' ;I n Cf (rom Ihf coasl(kml 

.·Igu r~ 2.l. (a) The: OOnZOTllal gnd of II!( bydrod)'namic lnodel, The t1ud; line n:presenu Ih<: 

clIaJllllne. Ihe Ihm line the 500 m Isobath. and the gnd rcsolulIon" approx"""lely 10 km I I II!( coast 

The locatloo of!ht "'<:$1 co." nll/'$t1)' ~round. and the SARP (HuUelt e. 0/ . 19981 and SHutch 

I SIIe!!on and Hutchlll25. 19&2) lin,," are .hown. fb) Vemcal S-coordmate level. of!ht hydrodynamic 

model folillWlRE tupoUi'Ph)' The resolution i5 9 m for the fit ... urflC~ levels. and approxIIlIattiy 

100() m for tile deepesl I",d offshore 

TIle hydrod)'namlc model ",-,u .taned from =1 ""1Ij .I ulnmer "alues a. ,ruual condlllOIt!l 

Ekeau .. lile rnodc:l <lumarn .. "''''lively .,n. ll. lhe: m<Mk:1 """,he:> «Iulhbnum ~fter a .pin·up period 

of about t",o years (Penv~ et 0/ . 2001). Allhough ih<' model was run for 10 yurs and (OI"ced by a 

'"P"ated climatology (i .e. no !lIlCT'lMual variability in the (on:ing fields). ll!(n: an' pronounced 

dlffncl"lCt:S In Ihe lImulaUon O<lIpuU between indIVidual years TIllS Inter·annual ~anabi!ity II ... b«n 

'Itnbul~ to intrinsic mesoscale acUy.ty r"",lnnll from OC(aIlIC IIt!ILablllty pro« • .." in tile .b5encc of 

add"" forr~ v .... abolity (PcTwen ~I aI., 2001), ""d 15 In agreement wllh P£l'vio ... 5tud,,:J; of t~ 

dynam.cs of the Californl' Cum:nt up"'o lhnll ecosystc:m (Mar.chesiclio ot ul., 20(1) . A .nap.llQI of 

!h~ surface SINC{ur~ of !<mptfa{\U"C: (SST) and surface clUTenlS QU{put by PLUME (F.&. 2.3 ) ,hows • 

"'gh le" ol of ,eahstlc. me!lOscalo acnYlty and .wme of Ihe marn features of southern Benguola 

s),,'em, lJICludinli the jet current. tM genera"oo of Agulhas nniS. and the sheddilli of cyclOniC 

eddies from {he ,0"{lKm up of the Agulhas Bank. Cape Penl","I. and Cope ColumhlM . TI!( .,'era&" 

hcllaVTOf of the model and us vanahility bas been checked agaUlSl observed data (see Pe nv~n tl "I. . 

2001 fu.-del."ll;) , 
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• .. , --" .J 

." 

". ,.. ". 

" 

'.--'yn.S ...... 

...::a: 4_ ". ". 
Longllude 

, .. 10· 2l. 

FiJur~ !J. A WlIOpshoI (I Janllaf)' of Ye .. " of Soa surface lCmperatu~ and <"""nlS (alT<)ws. only 

dnr,I.'1I C''nY}'' '-e<:IOI') in !he lOulbem 8cnll ... 11 r~,,"" lIS SImula,ed by PlUM E_ 

:.2.,). l.dh"" .. 1 b.",d model (lB~I ) 

Tile indivIdual bued modc:hna techniqllC Will UHtl on !hlS srudy bttil'K II off ... , """'Y 

.d\~ f<w spoll,lIy e~phc!l mod"hlli rhe ... Iy life hlitory or mon ... r"h (Hermann n tJ. 

~OOI) indiVIdual blscci models (IBMs) • ." "",.(alloo models thot \I.e I bonom-up Ipp!OIdI 

InrorponIlIJIi I<)CIIJ ", .... CIlOOI omonll "lIllv'duals and lime· vary"" hctC1"oeeneous cnvrtonments 

Co.A.1i1 and RO$C, 1992, Lorek ar'ld Son"",,"''''',n, 1999) 10 detcl1be I popullUO'L Thll appro.c:h 

""",,IS' much """'" <lc: .. tI"d .'um,n""on than doH • rOp-OO"'n IJ'IIlIoach IB Ms .'" be"" 
,no:rn>1JIIIly used to uscn !he ,nnuenc:o of 11"''''' 01\ popul."on d)'lIl""'C1. namt"ly ...... '-","lIan of 

popuWtoo .bundanre In ll1n\! and lhe pattern fQfTlllIIOft ,n Welt habolllts (Omnm. 1999, Gomm., 
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Hennann et mM of incneasiJlg cClmplexity 

were m Java and run on a J-Builder pla1tfor:m p]rofj~ssiion;al3.0 (B()rland, 

These models were aiJned at the emriro'mD,ental factors and processes mfluencilng the 

life of m the southern and on the Bank. To test the 

hYl)otlles4es described m Ch:aptl~ a pf(Jlgr~,ssi.velly iIllcreasHlg level of realism was 

eml)lo~,ed. Initially, iIlidiviiduau.s were con.sidc~red to be pas:sive par1ticlc~s. S1ubsieqUJently, mcreased 

levels of l'eal:isrn m tenns of the properties of the mdividuals were mcorpora,ted mto models. 

Particles. lniltialily 

apJ:lroaLcb, simLula,ted current 

p8l1icile trackIng was used to rep,resent eggs in the 1:IJ'~it"'11tl. In this 

from the 3-D hyclroclynantilc model were used to 

pro~sses. kind approac:h is relativelv straii~tfOl'V\rard and is considc:red the first in the 

fonnulation a sp13Ltially·-exl~li(:it where flow fields are resolved and p8l1ic:le 

trajc::ctorles can be comlPutc~ (flemlann et Huggett et In the preliJninaJry 

eggs and were considered neutral fiolltinlg plmic:les relc~asc:d (1Ipa'wned) over the Ag:UWiil.:!l 

Bank. Their movements m tiJne and m space were tracked 

northwards to the inshore areas of the west coast nursery ...... _ .. _ 

Ho'we\rer. in the mM no or emriromnental were cOllSic:iered, which is 

uru,eallistJic when the mtention is to understand reclruitment varillbillity 

Individuals. a different processes such as 

teIlnpc:raturc~-dlepe:nden(:y on and for eggs and vertical behavior for 

and retention m west coast and Eastem Bank areas were gradwLlly mc,orporated 

m the IBM. The IBM not tracked the movement of released over 

the Bank and but also their tenlperatl.lie-dq:lencient 

and mOltali1ty In addlition, the IBM accounts vertical behavior in order to assess the 

potential of behavior and DO!;t-UUV~le to be and thereafter 

retained the nursery area of the west coast and EAB. 

2.3. EXPERIMENTAL PROTOCOL 

Each IBM was used to run a series of explerilmelllts, each of which consisted of a set of 

constant values and the factors the 

In with the prUlciJIles pre:senlted in section 2.1 and of an experiIltlenltal 

sim.ula1tion applied ro IBMs Mullon et al. the eXJlerimelntal procedure was deslgnc:d 

and implem.entc~d the a series of assum.ptilJns were for:mulate,d, and 

biological and ph~(sical processes eXJllicitly defmed as the processes to the effect on 

recrWtlment success. Sec:onllly. the response the qu~mtilty used for subise'lIUellt statistical 

8I1alysiis, was defined. a set of paI'8JD.eters was selected to rep,resent the response variable. 

For each individual SiIIIUlsltion, a new value of a paJ~an:leu~ was a 
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2 General lind methods 

response varIa Ole stuclied (dq,enciing on the criteria.). 

response valnllible to number 

simulation were run 

relc~ase:d (spavmec1) pln11C:les. A multifactlJr statistical analysis 

16 

a ranclom 

variance the GLM was to assess the 

the sensltt1{ltv IBM to chaingt!S in paramc~ter values. A 

patterrl-0I1ented ana.lvsis was systenlaticailly a]pplied to assess 

on 

results inten:)re1ted in 

this latter analysis, the realiSln each hYP01thesis was 

bl(]llol~lcal processes mv'ol"\i'ed. 

2.3.1. Fmrmlilating assum,pti,ons for the models 

Assurnptiorls are statements 

intc;:rpr1etation are thelretore 

are ac(:epted as true 

dep,enclent on the validity 

As~,umipt1lons of the by(1lrolllynamic model. 

It is assllme:d after the SOln-U,D 2 years, eqllilibril11m 

¥U.1U''' .. 'Y nlh~prvp'rlin is to mesoscale instab1ility not repiresent 

changc~s in the torc:mg u." •• v.", 

remote torcinlg). 

5 years 10 years the hyciro(iyn,amlc 

to test the 

difler,ent scenarios 

a monthly solar rad.iati,on, clirnatc)loi~ 

events not sig;ni1]c~mtlly 

the Spa'NIlillg gJLOUlods to nursery area. 

not slgJnIficarltly 

SP~lWlt1ing gJroumd to nursery area 

verticlll behavior are inc:ofJ,orated 

Particlc~s re:pre:senl:ing eggs are trans{)Orlted 1'1''1<11,1''1 hJ in a La:gra,nglan taslhion, 

ditfus:ion are ne~:ligible in cOInpliris,on to this 

ASiSUllllp1:iollS of the IBMs. :Se'iTer:al alisulmptiOIls that are common with other IBMs de1{elIJDc;:d the 

see Hu,gge:tt et al. are surrunan,redas AV11IV"O. 

in is an adc:quate nUlrnbler to ensure the 

IBM ouq>uts. 

from surveys, the AgJl1mliS Bank Point to 

coast to the 500 m is to be "'.,.;, ..... <11,,.., Sl,a'IVllJinrz area. 
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The set in were to 

in success. 

into 4 

areas, 

In terms 

season was set 

in to 30 

The at 

is to any not 

success. 

are to IDM in are 

success is to a 

success. 

The 2.3 to a 

is movement 

It is is in 

in a is a 

seawater derlsity, kJineInatic vi.scosity 

was in bUC)yalrlCY schceme was 

applied to 2, to eggs in 

mocjels 3 to 8, 

Telnpcerature is conside~red to 

up to OOS'(-UlfV}lle is aSSiurrled to a 

(II) apreJtemed 

proxy 

ret4ention processes (mc)del 

It is aSSllmc:d response vatiat.les 

rec:ruitment success, 'u" .. .... , .. J 

res][)onse vlllialDles in 

IDMs gen1erat4ed differe:nt 

tralnsp,ort success, 1'I'l(!,rlAlifv 

are in 

it hatc:hes nursery area is a surtab.le 

nursery area 

are pro:ues 

resJ>onl!>e v~lt1al'les dep,encllmg on criteria 
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" 
Tran'porl sU tCH> trl terl a and the re!iponse ,-a,iahle. Th~ trJnsp<lr1 succes,; cmenon WlL, apphc-d 

to ~I~ 1104. and was ddimd as ll\osc, prlT1 ,cles old.,. than 14 days (L-qU1V~k"ll0 7 modcllOmc 

\lql11J lhar arTl"cd 00 the" cSI coost Ilurse"!)' ,round5 betw"." Cape Coiumhlllt and the Orange 1/. ,,-.,.­

mooIh lh: nU'iCr), nu "' .. subdIvIded Inl0 mihot~ (the cQntlllcnln\ wlf bf:l,"'cm Qm and 200m 

li<:I'IM ano! off',.h(lte (200m to sOOm d<"plh) n:=g,olu (Il'g . 2.4) 

~ 

'" = -.--

s,---~ 

WUI Coast: 
nun,,1)' at •• 

• OfT. hote nun~ry..-u 

[] Inshore nursery:ona 

14' 16' 18' 21)' 

Longitude 

Allur. 2..1 TI3Jl'port success...,. In ,..., nuncry ground "'cit coaslltns~ and otTornn ~.) '""= 
klcauQIIS of the Yo' All (WC'St""' Agullwu Bank). CAB"", /Cmml Agulh:;os RanI< offshore ~ EAR, 

(EaMc:m Agulha.. Hank msk<n) md EAR,,,{Ea5ImI Agulh3s Bank offshorr) spawmng groundS arc 

Soo..ll. 

The: R'SfIOIl>C 'Wlabk for I~ modc-Is /I.C. modds I 10 -I) "IS meuurc:d IS I~ !'alll) of the 

number of pmlcln thai satIsfied I~ tnon<opOrl succc'ss mlman at the rod uribe sImulation 10 the 

numb<:t or p,an,cI.-s ~kaJc:d ., ,"" bc.-I'OOon, or dlC: s""wallOlI IT abic 2.2) . Tbe ch",ce: or a 14 day" 

Ihmhold ror IIncho,'Y am"", iuca ... rully on ,"" nuTSc'f)' am "'b based on ,hi: ~'lIII"" Lha, 

.""ho,') ...... .., ~7 """ ""uclnl ...... ' h (c.".,.,.,;p<>n<!'''I 'o.n _pp""" .. "'IJe ale of 14 cb)"" n,o.,'...,lI , 
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2 General and methods 19 

a net the not at 

age are ca):,ablle active swiimrning. It was theret,ore aSS1L1mf:d 

coosl~:redasoaSiSl~p~bcll~s beJla,,'e in a manner 

to retain thE:m:sel'ves in Larvae sma,ller than 

nursery area sub~ject to offs]hore advc:::ctl'lfe itis corlsidlere:d 

tral1lspe,rt was not suc:ce!;sfill. Larvae 

ca!)abilities to maintain the:m:iel,res nursery area. success 

5 of 1 to 4, 

nursery ~ea as 6, success 

was cOl1lseQIUeIltly detlned as active bellav'ior 

instlore area resl,onse v:arilltble was 

that arrived at 

nursery area to nwnbc~r of eggs relE:ased. It is imllort:ant to note 

tralrlSPIOrt success is a proxy 

pn:dation, starvation 

re(~ruitnlerlt success. There are processes aSS:OCllate:d to 

to proper recrultmc;:nt 

success. 

2.2. success ~ri'b>ril'l 

Models T'I'lllln!llnnll't success criteria Tl'llln~:nnll't success variable 

1-4 Individuals that arrive in the offshore and Ratio between the number of isuccesisfilllly tra.nsI,orlted 
inshore nursery area within 7 time steps from the spawning to the 

older of 14 area and the end ofthe 

5 Individuals that arrive at the inshore 
nm,!:.f"v area within 7 time 

14 

sinlUil!tic,n to the total nwnber released 

Ratio between the nwnber of i~ucce5:sfiJtlly tralrlsp,ortc:d 
particlles (lluvae) from the to nn,"""'" area 

nwnber the end of the simulation to the 
(particles) released 

6 Individuals that arrive at the inshore Ratio between the number that have hatched and reached 
n~ery area after hatched and have the active behavior stage and reached the nursery area 
reached the active behavior stage to the total number released 

MI)rtaU1:y clrite~ria and res,polDse vlu·iahle!io\. The criterion nof lmn'ril'lllitv was detme:d as a tUnctie,n 

minimwn tennpe:rature weshlolcis 

4, a set 

mOl:1els 5 to 8 on 

were constant 

wl:::shold was 

tennpe:rature ranges act as a 

to the extent 

Larvae are to tolerate tem.per:atures 

repllesent eggs 

were set bec:aU!ie 

of anchmrv de\relo1prnlent is 

to de"el()o a functic,nal et 

Hutchi11gs, per. I,;UIJlll11.}. maximum 
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2 General and methods 20 

were no upper 

is E. in The 

in IBM were The egg index was defined 

as ratio eggs died as a result low 

at at 

The index was defined as ratio 

died as a result at end to 

Table 2.3. and model. 

Models M,u·t,!llilrv criteria variable 

4-8 mOlrtality re:sullting from the lethal Ratio between the number of eggs that died due to 
effect of low tenlJ)e:rature the effect the end of the simulanon 

to the total number released 

4-8 Larvae from the Ratio between the number of larvae that died due to 
lethal effect of low tenlperatlllre the effect the end of the simulation 

to eggs (parti(;le~.). 

Retention criteria and respolnse variables. The criltenon su(;cesstul retention in west coast 

inSIlore and ottshclre) after nursery area (modlel was larvae !'In;vi,n(]f in nursery area 

had hatched and reached to remain in the area for a >10 

The response vaJnalble was measured as 

to egg (pa:rtIcleS) released same retention cri'tenlon and 

response variable was emlpl<)ye:d in EAB model \111 ... ' ....... 1 ditltere:d m success area 

was corlsldlere:d to the 

Table 2.4. Retention criteria ValrIalble used in 

Models 

7 

8 

Retention criteria 

Larvae that arrive in the inshore 
nursery area after hatched and 
reached the active behavior and 

more than lOin this area 

Larvae that arrive in and 
...,., ...... '"' area after hatched and 
reached the active behavior and 

more than lOin these 
areas 

Retention variable 

Ratio between the number of larvae that more 
than lOin the inshore of nursery area to the 
total number released 

Ratio between the number of larvae that more 
than lOin the EAB areas to the total number of 
egg released 
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""""P0lO"' 2 General 

As melrltioned above (se1cticin a 

constants 2.5 and With this two groups 

were group, 

varilous emrironm.ental '''''''''''''''' on IrrmNth. mOI~tality 

In IBM stuelted 

SOa1NTlil12 gJroulnds to nursery area on west 

",",,,,"UJU spatio··ternpc)ral variabiles in detemrIin:ing tralrlSport success. 

variations water dellsilty 

IrrO'wth rates 

nursery area 

ConlstaIllts and parimleters 

egg 

ten:lperature on 

SDa'NTlIIlIZ gJroUltlds to 

were ae!;]gIleO 
traltlSport success and alstnt)utllon 

21 

at 

to 

retiereltlCe number used each model 
rep'resent the presence and "-" 

Constants 
duration ., ., 

" 
., 

duration " 
., ., ., 

Duration of the simulation ., ., ., ., 
Number " 

., ., ., 
., 
., 

Parameters 
Area ., ., ., ., 
Date ., 

" 
., ., 

Year of simulation ., ., ., ., 
released ., ., ., ., 

., ., 

., ., 
., 

for eggs ., 
Lethal for larvae ., 

group also 

processes on success to area, the 

IBM 

any the area, as 

IBM a movement 

to assess the on success 



Univ
ers

ity
of 

Cap
e Tow

n

2 

to nursery area. 

anc:ho,ry larvae 

west coast nnlr!<I"I"V area. 

Constants 
duration 

duration 
Duration of the simulation 
Number 

for eggs 
for larvae 

Time after hatch start active 
behaviour 
Parameters 
Area 
Date 
Year of simulation 

released 
Time after hatch start active 
behaviour 

selected after hatch 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

and methods 22 

belilav'ioral Sl~he:me to assess retentIOn 

individuals betwecm a to 12 wec~ks) 

same pw"am:eters constants to 

to west toEAB 
coast 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; .; .; 

.; 

.; .; .; 
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The posi.tion m m isoll>atlls 

con~espond to spa,wninu: areas at m 

particlle rc:pre:seJlting an egg or was 

time inh'rv:;:t I particlc~s re:presenl:ing eggs larvae were incilVlLdlltaliv nlmred to new 

IBM UC::s.I!;;li. The addlitiorLal Dl'Olog:lcal pr()(:ess'es c(msiden~d IBM are discuss€:d 

in 

Anail'siS of results 

were an'lly~~ed 

programs de'v-e14JPf:d in 

means on-screen anlim'ilti()DS c. 
Mutll01n, see screen IBM is dlV'lde:d sinzull'lttcm area 

areas 

particli~s n:pn:seIltmlg eggs were rele:ased, A pral?hic 

area, are dis1pla'{ed distribution mdllVlduals acc(lrdur12 to 

indlivitcluals re~tailr1ed in 

nursery area, naJ"an:let~~r area par'arnete:rs are set. 

pararnetelrs were amllv,~ed a multIple 

was apJ)lied to IBM expcerim,ents (respon:se 

IBM repr'eseIlted 

del)endel1t V.ilfUilblc::s in variance analysl~s rc::splectlvely 

residuals, as as 

mtl~rru;tloins. Two prolce(lurt~s were to fit in 

A mcludIng up to mtl~rru:tlolns, was run. error was 

intlera'cti()ns was an~IIY2:ed. In assessment 

mtleractulns were 

A sub··optimal IBM desi,gns malxitnulm number 

"Sltatistic:a . In cases, a 

intleral~ticln was run. error was > 
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parameters that were not sigJrUfiCaIlt, or those were sigJlifi(:ant but exp,laurled less than 2% of 

the variance were dis:cw'dejd, The GLM was then run and the error of the new model 

assessment of the statistical analysles sl.gJ111tlcwnt p:uwmelters and In the 

inlieractill)ns were considered when ex~'laiJled >5% model variance, 1'0:1l01Nlflg 

different cOl1nbillllltions of parluneters in the includillg those parllfneters that had 

oreviclusllv been rellrlo,'ed., were res red in order to avoid that any intAeral~ti(m of first and second 

order par·aJmeteJ~s was signitiic811t and eX{IIa.iJ!led more than 5% of the variance, The mean least 

squares was cornp\llred for each value the pmam.erers of the in to assess the effect 

spe~cltjlc p'U'lUneter values on the variables, 

Pattern-oriented analysils. Patrern-oriented ana:lysis Iderltifices inlportant pattlems in 

model POA ammp'ts to undlerstand and repI'eselnt the me(:h81:liSllrls that cause such 

This is a way to focus a modelmg pro!vidinlt gui.d8l1ce on such issues as 

what processes to include, and what scales are relevant ,\...JI ... "· .. et The 

pattenl-oI'ienred modeling is that it assures that the model pro.r.1ucles plredlicti,ons suitable 

models can be as to whether or not repI·oduce the patterns were 

de~ligrled to address (Grimln et 

cOITlparled with the patterns iderltifiled in 

A of test pattents were selcectfd for each IBM and 

ofe~hmodel 

SARPLine collected from the SARP Recruitment 1-3 
a 34-mile transect of evenlv·,soa.cec1 stations 

we:st-soutl1-VII'est of Point off the 
times every month (Htllgge:tt et 

SHutch Line 3-4 
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3: MODELING THE EFFECT OF BUOYANCY ON THE TRANSPORT OF 

ANCHOVY EGGS TO THE NURSERY GROUNDS 

3.1. INTR01DU(:TI()N 

The ph1rsical and that vertical of spawning 

prc)du.cts are Unl>ort:ant when pre:dic:tin.g e:r;nlliarval horizontal drift in relation to their ",nTvivRI and 

sub1seQluelilt recruitment Althol.lgb several des,criptive studies have mVI~stl:gau:Cl the 

fish eggs \ "-"JUU1Ui), Coombs et Tanaka et . Tanaka and 

few in\i'estigatiollS have :HU.WC:U the processes that control the 

vertical diS1tributi()n and larvae (Sund1by, Ad'lanc:lsvik et 

is specltllc, and varies with the de'l;'elo'pm.ental 

. Tanaka and 'U'v"' ......... , 

det)endiIllg on water 1"I"'~""ru and their mtrirlsic UQ.Il>UY, sl:abiilizing at is 

eOllivlllellt to that of the water. The at which the eggs were oril~imilly sJ)l.lIW[led 

also a role m this eggs on the Bank are gerlelCllly sp~lwrled 

withm the first 75 m, with !Ul';u",.i)' concentrations occ:urringbetween 10 and 50 m (She:lton and 

Althollgh anc:hmrv eggs have been described as 

to rise to the ::;WLilll,;"" recent field have showed that the egg oelllSll[V m the 

ranges between 1.021 to 1.027 der JLJIU:'!;"Jll, wtlptlblishe:d 

These data that m certam cases, eggs can be denser than the surrounding water and would 

cOllSequcmtlly sink into the water column. The distribution of eggs is therefore: 

affected both and their mtrmsic As egg 

determines their vertical and this then their 

horizo:ntal distribution because of the field veioci'ty Cltlar.ilctl~ri2:ing that of the water 

colwmn. 

The research described in used an individual based modeling apJ:)rOl!lch to 

address the egg affects the of eggs from the sP8lwninsz grOiun1ds" 

and their ultimate An individual based model was de!ligIled a bU()YallCY 

scheme based on that of and eXaJIllmed the response of eggs 

ti .. r,,,,,t1 ... \ to variations m water their the current from the 

spa,wnmg gro,uncis to the nursery area on the west coost. The also addresses the intemctions 

of egg with the and scales of the process in terms of tnutlSP1or1 

success. 
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movement of nl:l1rtil",lpl:! rep,res,enting anl~hrlVV 

over to west coast nursery 

vM1",,..,,,1 movements ofpal:ticles were m01del,ed: hOJt1z()ntal movement was 

])articlle's rl_~",;f'" rc~lative to that of 

a 

diflferc::ntial tram~poirt success. 

constants 

exp'erirnents were conducted. 

on 

IBM. In the 

were to same 

as 

were Date Year 

4 

in 

a of6 x 5 x 3 x 3 = 

same set as 

verticial movement was rel~ulated 

latter were de1)enderlt on 

dUlmleter, seawater 

gave to 

as a 

when 

to 

egg 

was to 

to 

were that 

was to 

constants set in 

set 

It 

in eggs were 

were run, 

the 

a x5x3x3x5x3 
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to 

a process 

Trackulg duration All particl,es rc:pr<~selltil1Lg eggs were tracked until the age of 60 

Duration of simulation simulation was run over 90 (St:,awnil1lg duration + Tnlck:ing dw~atilon) 

Nwnber The number of lpar1ticl<es r~:prc:selltil1lg was set to 5000 per simulation. These were 

Parameters 
Area 

Date 

Year 

Particle ilp,,,,,i11v'" 

released cOIltinUOlJlSly 

Particles were released over all 4 spa,wn.ing 
Central Barlk offshore AgllllllllS Barlk inshore ' ... £" .... fi' 
offshore in to the relllthre size of each area 

The dates of release were set to: Jat11l1lTV. lSI 
Feb'ruaJrv and 

Years 4-8 from hycirOl:iynmnic model (PenVf'n. were used in the IBM 

Particles were released at 3 ranges to 25-50 and 50-75 m, and ranciomly 
distributed ill the water column over the spc:cified 

-,,- .• __ ........ for the particl,es was set ill the model to 1.027 

Three particl,es were tested in the model accordmg 
between mmor axes; 0.1:0.1 cm (spllericall); em (m1:emled:iate 

0.05:0.14 cm (prc,late sphleroi,d) 

eggs 
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Set: 
Fixed parameters 

Perfonn a SIMULATION 

Perfonn a GLM 
Manova amllysis 

IC'D!i\UJl.ll'hll':! DURATION+ DEATH 

Vwater, Wwater in PARTICLE posilbon 

3.1. Flowchart of c~xperilnelltaI simulations of IbuCtYililCY model. 

3.2.4. Rel~pODSe variable: Trillnspoirt success 

3D PLUME 

BUOYANCY 
SCHEME 

----+ Loop 

~ Sequence 

t--- Input data 

Model scheme 

The 

older than 14 

of traJilSport success 

(eql1ivalent to 7 model time 

in all three experiIneolts s):)eCiified that the pal1ticlc~s 

that _ .. v ..... at the west coast nursery groun(is 

(in!mOlre and offshore area, were su(;calsfiJllly traIlSp(>rte,d. The response in the ffiM 

was then as the ratio of the number ot)J8l1iclc" that satisfied the success 

at the end of the to the number of particl,es released at the start of the simulation. This 

ratio was C0I1Si(lerc~ to be dependlent variable in the sutlse(luelnt stati!itic;1lI al18hrses 

3.2.5. The bu()yalocy scheme 

The teoninal vel1ocilc:v of the particl1es was calculated the equaltion that 

cornplltes the force reqwn:<1.to a ..... nl~t .. spherolld of mo~,jnJ;!; par~lllel to its 



Univ
ers

ity
of 

Cap
e Tow

n

3 the on the to the 29 

In P8f!tlclces are to 

is viscous force dornit1late over 

It is particle is 

in vel(Jocitv ( is a function 

( g ), sea water ( ), kim:maltic vi:scosilty ( v minor 

(I) ( ). 

Ap -/ --v 1) 
Pw 

is verticl:1.l vcelOC:ltv hut1,......,. Z is tis hyclro(iytl.amlC iLllU"''',!. To 

assess in on 

was 

prolate sphceroie:ls (simulatlrlg aIlch()vv egg "' .... J"' .... " 

to sphencal 

was to assess 

measurements a deDlsity~ 

gra,dieJt1t column method 

Un'"",,,, of experiInet1lts to 

ensure deJlsit:y p:aramc::ter was a reallstic one. IBM to dete:nni:ne 

vdocilties nf T\!'Irli,..l~·!i: in every were: 

are east-west 

paf1tlclces is detc::rrnined 

position of 

was apJ:lro]lC.ilIlatc::d an hulenan fOIV{ard solution are 

POSitiOltlS of t are 

ot ·oaI1lc.les at 
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3.2.6. IBM ou1tputs aod aOillysls of results 

A sensiti'/ity anallysis was "'I-'P,U'"'U to the response the and 

a factor variance GLM module 

"Statistica" (StatSlilft, The paI'am,eters and and second order were 

selected as ind1epelndent vllrialbJes The values of the response variab:le of the IBM 

(tramplort succes:s) were selected as dell1enclent variables in the sensiti'/itv amllY2~es. In addlition, 

aJIlSlysis inchlded a of the fte(~uelncy distribution of residuals in traJllSport success as well as 

sigl:tifil~anc~e and proporltion of variance each of the and their intc,ral~tiolns, 

hence allo1wirut the ide:ntiticalion of the main variables in the IBM that implactc~d on traclsport 

success. The full GLM inclludc~d all parameters and their interactions up to the second level of 

intc~ral~tion. The and interactions that more than 5% of the variance in 

model were then considered to be influences on success. 

3.3. EFFECT OF PARTICLE DENSITY UNDER DIFFERENT JET CURRENT 

Three current stremglth and offshore advective loss were identified 

from of the PLUME model and were used to how affected 

traJnsport success. These scenarios were values in the 

current over a three montths to the duration of the simulation in the 

sutlseclueJi1t to the date on which eggs were and for the 

50 m. Both and across-shelf cumulative traJBSlllOrt 

values were from the PLUME Six and six across-shelf traJBSPlort 

corresporldirlg to the six different dares for the initiation of the spawning were 

cornp'llired for each year used in this an~llysis a total of 60 values. The 

clUnul.ati'/e tramlport values were calculared a 100 km at the 

location of the SARP (Sardille Anchovy Rec:ruiltment Plrogr'am) a tramlect 12 

eve:Ill"·St,acc~a stations west·south-west of Point off the 

1·2 times every locared at 60 km from the coastline 

shore was calculared in a line of 100 km across-shelf of 

The across· 

Line. Both trmlLSJ)<l,rt 

were intc:grsLted for the upper 50m These b01md.an.les were chosen to rep,resent the traJnsp,ort 

as 

and 

as the VP'M',rl'l1 distribution range of anc:hmrv eggs (:SbleltclD and Hutchings, 

current and I'IClSUJIL 
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3.4. COiMF' AFtING THE MODEL OUTPUT TO FIELD OBSERVATIONS 

VUL!-'U"", from the mM eXI)erilme:nts were cOIlnpared with vertical and horizontal anchmrv egg 

distribution patterrlS observed in the field. Data on the vertical distribution of anc:ho\rv eggs in the 

is scarce, but mM were cOI1npared to vertical prolfilc~s of egg 

concentration a line off the Peninsula the SHutch Line in our 

Horizontal particle distriblltiolrls g~:ner:ated the mM 

were cOI1npared with egg data collected from the SARP Line. Model-derived patterrlS that l'I/'I!~PIV 

Shelton and Hut:chings 

resemble those observed in nature should enable a better umienltarldirlg of the processes that lie 

behind patterrlS I' ........... et 

3.S.RESULl 

3.5.1. Sem;itiviity aDialys4~s: LlllgralDgillD eJ:periment bU'IvaIIlCV added: model 1) 

Area was the nrilmllt'V determinant of traltlSport success with the W AB reslJltirlg 

in maximum traJ1SPOrt success, tol10Vl'OO l.,f\..tSOlif WIID the instlore and ottSlllore EAB regi.ons 

the had a less malrkeld, but Sigtlifi(:ant effect 

on trarlspolrt with maximum success associated with partic1les released nearest the surface 

and with 

3.2. General linear bU()VaJtlCV added: model 

variable 
Year 4 8965.6 2241.4 295.7 S 1.0 
Date 5 18258.4 3651.7 481.7 S 1.9 
Area 3 492052.5 164017.5 21636.2 S 52.1 

2 159505.2 79752.6 10520.5 S 16.9 
2 0.0 0.0 0.0 NS 0.0 

Fint level of interaction 
6 82097.0 13682.8 1805.0 S 8.7 

level of interaction 
Y ear*Date* Area 60 50220.7 837.0 1l0.4 S 5.3 
Error 2828 21438.3 7.6 2.3 

A signiticaJtlt first order interaction between and Area was also observed. In all spa.wning 

areas, a consistent trend of reduced trailS port success with inc:reslsin:g of release was aPJl1arent 

This trend was most pronOllllla:d in both the inshore and offshore reB:iorls of the 

followed the ...... 1""'\cJJ~ ... and the W AB. and the ina:rac:tioltl, tClgether with a 

second order interaction between Date and eXII1ained 83.1 % of the variance of the 
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mo<kl. and rhe resKluol vanantt wu only 21% ",'II.." all OIber f.r:ton &Ie 'Olltr.dn'ed (Table 3.2.) 

Resodual. of IJanSporl W<;Cf:SS from die passi ... l.a&n~.n elptruDdu appeared 10 IJ., normally 

diWlblrrnL "'" ~Ulled fo< 1he Gl.M analysia 

" t ... 
• , ,. 
" " • • 
< " • • 

" • • 

" 0 

• l. SO ,--------------, ,,,, ,,. 
• 

I. " 
~ 10 " 

>- 0 n 
EARln EAOOff CABOfT WAH 

Aru 

~" ,,><I "''' 
lnplh ( .. ) 

n * 2111 

"" 
SId..., - O 167 , 

• 

~" 2S·50 SO·7S 

Deplh em) 

, 

DEAHln 

f'iI!Mro J.2. ~IrO of tnulipOfl JU(:cen 10 lbe ~1c:uecI parlld.,. rq"~nuD8 eggs f ... ItIe "1I&1c: 

parutI(1ero used Ul the 1.&8"'''&>a'' cxptrUMnt fa) Area of 'P''''1Irna:. (b) I)qJth of partICle mn$C.', 

ancllc)1nICl'll.(IrOU ~"'ecu Arta of <pI",,,I"1 and D:ptlr of ""lUCk ~Il'a~ 
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3.5.2. Susllivil) lull.i.: blloYlnf)' txpnimenll 

HUII)'an~)' oc hmlt appllfil III both elt& ud I~rv.e 110,,6 (lllodeI2). PlIlIi,]e ~OSlty wu lite ,,"",01 

imporlllnt .. ngle pasan1ett1 oklerntming tJansport jj\l(:CC"SS (Tabl¢ 3]), WIIIt a value of 1025 ,.em' 

n'Slllllng;n !he maximum suc","~, (FIg. 3.3a), Area of $""wnll'8 w.u lite only oliwlr Imponant smSle 

ptramcler The WAH ",-as the mosl 5uccessful spawni"ll area. transport .uooess <!ecreul"i .. 

• pawmng moved e ... lwud. beins redu<ed for CABo.- ILIId close 10 zero for !he: inshore and oIT,;hore 

rq:io ... of 1M EAH (fiS. Ub). n".., lI11portllnt intctlldlOllti were observed; the Ii,,;! order 

lI"llCractio ... Area ' particle ~nslly. Dale' part,cle Delllity and a second order inleraetion between 

Date. Area Md pal1.eloe De ... "y (Tobie 3.3). The inlera~t",n betw..,,, partlCl¢ De ... "y and Area 

expwned over . IItlrd of the ,-malICe In ,he GLM oUlpot (Tabloe 3.3). iodlC,"ng that lite DpUm.o.I 

panicle o. ... ,ty was 1025 (,cm~) for the dlffm:t>lopawntn, arus. "",1It lite excepllon of the EAH .... 

where the optimal panicle o.III'ty was 1.027 (gcn,-') (Fig. 33e). The ,-uiables Md trlte-rachon 1eJU1S 

listed 11<:1010'. to£<,t/o¢r wl!h the lJl!eracllons accounlCd for 88.6% of expl.lned vanance. and tile error 

term of tile full model ",-as 3.7"", crable 3.3). V,sual examination of the .... ,d~lo of lrall5pon sucre~ 

.<IIl!.8<'oted. """",,I dumbullon. 

Ta ble 1.3. Gc,,_rll linear mod_I applied 10 !he OIIlplll of bLlOYanc)' experiment fo. _gg and laJ"R 
5!.IJ!CS (model 2) for depenlienl "atiabloe irlln,p:!?!! ~ucces. 

Si lll:lr .... I.b .. 

"- , 2316.4 SW,I 95.1 , 
" "". , 40315 .• 8(6),1 B237 , , .• 

M" ; 231366,9 nl22.l 12660 7 , 
'" Panid ........ ity ; 3991j().2 13~. 1 21S,nO , '" ..,. , OJ ;., ••• "' ••• 

""'" 
, B.O '" " NS " AM 1 .... 1 ofin'.ramoo 

Dote"I'anICIe dcrull)' " 116460.1 77640 12746 , " Ara·P ..... kdcns,l}· , 145782.6 8286-11 ))603 ~ , 372 
S<-nInd levtl orln .. raotlwl 
[b,"...,e.o' PartlCle <!emily " 241&Oti.S Sl7l S ~" 

, 111 

"'" moo 14316,0 " " ,. 
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-t 
l 
" " • -< 
~ • • • • .. 

-l' t l' • n ~ l2,j() lid ... . 'Hlll 

JO 
<Iod .,.,. - O(l.lJ i 

10 " • -, < , 
~ • • 

0 
, .. 0 

1.02! 1.023 L025 1.027 EABln EABOIT CABOIT WAB 

I}cnsily of parlid~ (g.em.)} Area 

, 
lO - ft-II O 

t 40 stdcn - 0 0S6 

! 
" JO " • • < 20 
~ • JO , .. 

0 
I,Ol] UI13 1.025 1.021 

Ot'nsil~ of parliei..., (g.cm") 

fi,_rt J.J. RlIIO of 1J'an$pOl1 ~ 10 !he num~ of relc~scd plruetes rq>n:smnng eggs for lbe 

slnllk paIlI""'1Cn ustd III Lhc buoyalll:) upmrnc:nl (model 2), (.l lkn~n)' OrlM particle, (b) AKa of 

5(11"''1\10,. te) inlcfaCbOn lletwftn DmAty oflhe partKle and ruu of spawn mil. 

KlU>yllnf)' Kb~n~ appllnl onl) 10 ~g ~I~f (n,ood J). ~ ",.o;ult~ of thiS cxpmmcol "CI't' \C!')' 

51mllar 10 ~ nbtamw from mock12, UcqIIlkat Ar~ uplalll('d ! hghlly mOIl: Ofille vanance lhan 

did partICle Drnacy The lim 1c~1s of mlCTllCllOlI, namely Aru-p.nldc IXnslI),. DIIle · panlcle 

DmJ,Iy. and the !lttood 1cY1:1 of m~on .n explained JellS of tt>c Vlln.ncc relan\c to model 2 

IT ablt. 3 4). Tho: plII'arndCf5 and 5Igmlicanl 1111rn1<:1IOO lmT\I. of thiS c.\pcrlmtnl accounted for 8J.~" 

e>f expWncod \anal1«', and .he error Imn "'I~ S 4~ fot the fuJi tnodd (Tgblc 3.4) Re!udUlils of 

InnopurI ilUCCn$ ,.,""' !'I('Jr1Mlly d,slnbuted 

b 
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T.bk J.~. Gc.Icn.I II ..... moJd.pph.d ro.~ 0UIp\Il of buG)'lU>C)' expenmen. for.1lI IUli.' (rnQdel 
J 1 fIJI" dt-pmdonl ,·mllble InI!P"'" I\£cess 

Si •• 10 .... I.b .. 
,.~ • .. %. 162,.2 200.5 , 

" ... , 20104 , 
_. .%. , " A_ , 3~1)20.' 12277)6 15"8' , ~, 

Pan..: .. demny , 3193".2 106"1.7 lJl ' l.J , 17' 

""" 
, 'WI 24().' m , .. 

'"" 
, (2'.8 212.4 26.2 , .. 

f"irotln.1 '" 1"lOro.lla" 
o.", · Pon..:1e doonI'lJI " ,7200 I 3147 ,p, , 

" A"", "PartH:I. ""-"Y • '69179 2 63)1911 781711 , 
'" :'«0"", 10 .. 1 or 1"" .. c.lo" 

P ... • A"",' l'InH:1e daI;'lt " 1\17031 I ')71.5 "" . , 10.8 
,~ m", " ,. , 

J.~.3. Idrn tille.tlon or .c, .. nos ud or p.rtlele den.if) udn- dirr~rent jet cur...,nt KflI.no,,, 
A ''''''i<d .... t I;Utreni t~n for thmo IJI(Inths calrLl.Lt.led from th. PLUME ilydrodylJarNI: 

mood ,bcM-N • '1rGDI hDa. ~II'-"'op beI ....... n 0100._ aDd .auss-lhoR coou"'"" ....... SV",,& 

MIfth ........ flow wli -.Mcd .. ,III • ...-on. om~ comput .. nl ....... '10 weak northwwds flow_ 

assaclat.d .. ,thPfOil&_ ~ ~(F" J4a). Yon 4.' ..... 6 .. en: clwKlcnzed by "ruog 

nctnh .... rds and offs/lo;n ~ .... berua onsItooR traasport prNonu .. ted ,n V .... 1 and 8 IF'I 

J 4b) On the _. of.hex ~'I1Gm. thfte,." Cun ... ' KmulCljl .. -eN sclo:te4. SCe ..... o I .. -as 

charxtenzcd by SUOil& nonb .. ..,d ofTshcn flow (JII\IIIf)' of V .... S). See"',o 2 by w<:U: ""nltwlfe 

..d olf~ Ilow ~ of Voar 6) and SC ....... G) by ..... aIe nonltwllflk and '''''''I olllh"", 

flow (Marcb of Year B). IBM .",,~lIhOOII "'life "'" ~ndo:r nch of.1w!Ic _nariot With Vlfled partICle 

[/eas'ly ,"II"", II 021·1 027 .. <m·' ) bu •• n OIlIer .. tun fhoed IAK. Wli III. WAS and Depth of 

or-......... -as o-nm) Maximum ~pon W<;I;fIII/Ii"'" _,."'" wuh pIItl,dtl hJ.v,n,1 d.nslty of 

1025 .. em' ",1111 tlttcc lkcnanos (FII! 3 ~c) but WI, lubl;t .. lllilly Ittprt for Seeruorio I (80th) than 

f'" Se ......... 2.11d 3, wllldt ICn .... ed "milarll'llllSpOn ~c_ ~lIuea (~). 
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FII ""' 3.4. III Averl8c oJOIli-llhore and Kro'Nbclf l ..... pon m tho "'11(11\ or the Jot wnenl fOf III 

Ilmulallo"". (b) av-en.se along-silo« .nd &crosl-ftlf tnIlSpOI1 ptr year. and Ie) uanspon ...xc" .. 

• funcllOO.;.r Denmy for p .. mob ",~ued m lM ~ 25m o':<r !be W"8 only ror ''''h oflltr« 

a«n&riOli E.ch ICerwW ~nlt. "RIle I!mulll,oo. '"'" '~0!"1IF lrlImj>Ort tn:I tranlj'lOrt IUC~" 

.... , Clkulm'd o,«.l IOIQCIlh pcnodlI ror!<'IpOnd .... ,lo Ibe dLll'al>Oll of lhe IBM ,,,nul'llolII. 
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3.5.~. COlllllllri"ll t"~ mod~1 o utput 10 1i ~ld ob~erntioonJi: I""ttrn-oriented lIn~ly~; ~ 

lbe dlStnbullon of eG/.!s along tM SARP LlIle dunng the penod September 1995 to March 

2001 iii charactemed by rclauvely f,-"" egg:; at the first fi,'~ (" .. hore] lfallon' and h'g\I<T 

concmtnll ,ons at s tallons 6-12. WIth pea~ egg concmtratlons al StaUOns 6. 8 and 12 (Fig. l.Sa) In 

~ntl1l1 terms, 1M s,mulanon outputs fmm ttt.e three Jet currmt scell:lnos showed . ,molar patterns 10 

the fidd observations, 6bow,ng low roocen{J<lUons 'nsllo", and h'gh concentnl.1lons offs~ (F,g 

3.Sb-d). Un<kr Semano 1. a h,ghe.- number of Lagrangian .,ar1,clf"S (ncutra1t~· buoyant) and virtual 

mdlv,duaj, hav,ng an IIlt<."fTTIed'lle dem,l)' (1.025 g.em·') wouk! havco been recorded 111 the: SARP 

L,ne eompared to parncle-s co,lh"r hghler or dmser than 1 ,025 ~.cm ' (FIg. 3.5b) , Under Scenano 2. 

1M """"mum number of vmull ,ndlVldual . crossong the SARI' I.lIle W"," redured b)' 111 lea~ IWf 

compllreJ to Scenario 1. L'gl11...- part'el"" (1.02 1 and 1.023 i.em'l would domon.le and de""",r 

partIcles ( \ .027 ,.em'l were 1101 rtConkd Ihert (Fig 3.Se), 111e pattern of Sc~nano J ,$ Slm,lar 10 

that from Semano 2 wIth ltghter p;lrt,cles do/mnan!. but wI!h the d,ff"",nce that lagrangian partIcles 

and tho~ of IIllermedtale dens,!}, (1.025 8.em' ') Were: poorly reprrsmtro (F,g 3.5d). 



Univ
ers

ity
of 

Cap
e Tow

n

C~J .1tI-dHtrtWqfrn-f-J!II<l_IIw......,...<I{....a..z..".."" ........ 7' ..... - " 
• 

- '" " • ~~-• 
" • • ~ 
€ • • • • " • " • 

'" -l .. , 
~-, 

I '" _lOll . -
---IOU .-

~ ,~ __ 101J ._ 
> -I O!! .~ r , .. 
• • ,. 

• 
'" • 

~ "'""" , 
• '00 -f ,,. , .. • • ,. 

• 
• ,~ -g:ooo .... M' -• ,~ > > r , .. • • 

~ t--- ./ • , , , • , • , , • " " " , ...... 
SI.I;o_ IIlImbrr OfT ..... 

flpff loS. ~.) Observed (berwem AIII[IISI 1995 mid July 2001. doe. /Tom J nIlU~I~ Mannt lIId 

C_J M-.gtment. pelS. conm) honl()n<al dtSlnbui>oa of . .... 1>0\")1 ~ .1Id ~un""lcd (~d Rlr 

1M tl .. ~jt"1 (um1Il s<mangs) borizo.nW dtsIriblllirns of..,ucl~.!oni Ibt SAllP Lult 
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Shelton and Hutcllinp (\982) showed that anchovy eggs Wore mostly d'5Iribu!<:d in the upper 51)m 

of the Wlltr o;olumn, WIth I mnimum tonconlr.l!ion III 30m deplh (fig. 3.61). Mod.kd ponkk­

,·ortieal di.lnbution p.1llc.ns liong lito SHul<;h Line difT~.ed with particle DeMily. lito hg.hltSl 

pankl .. (I 021 and 1.023 g.cm·'l bt-11Ig concentraled III the ... rface and the dmu:.t ringing between 

60 lind 130 m dqllh (Fill. 3.6b). In the model . .,..,tnllly buoYlnt particle. and lh""" with Ilknsily of 

I 025 8.Cm" showed ,·."iul dJslribulJons thlll most closely ._utlled iitld oo.trvl!"'''''. 

0 

20 

" -
= 60 -~ 80 -~ • '00 " '20 

'''' 
'60 

.. -~ • 
" 

J.OlJ g.cnr' 

2 J 4 ~ 6 7 8 'I 10 

Stlltioll llumUH 

) 

1.023 g.cm~ J .025 g.cllr' 

" 

) 

I.021I·cm~ Lagnlogiao 

o 4000 8000 0 4000 8000 0 4000 8000 0 .woo 8000 0 4000 8000 

r'arlicles In SHmch Une (number) 

b 

FJguro 3.6. (I) Ob5<:rved vertical distnbutioM ofoncbovy elliS below Ibe SHulch Line (Shelton and 

HUlchillJlS, 1982)., Ind (b) simulated venical distributions of panicl .. of vuyinl! denslti .. in the 

SHulch L,ne 
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J.6.0 ISCUSSION 

An IBM ... ., cletlilfl<'d .0 "mul.'e llIe ~ of anc:hoYy eas In die .... lIIem Benguell 

lII1 .... elllllj sys!em. from !he AI[llIIw Rank lpa"'1UIIj! lrel 10 d>e ""51 ~oaJl nuBCr)' grounds. By 

lK'f"ionll(1 pomclet 1111. repretc:I(, ellP II( I j.D hylknd)'lWlUc model of u.: re""" aDd Ullci:11II 

!heIr uaruporl by. cOisUoI J~IIO !he I(\IlSCr)' srounda, InIi by vlII)''''' p;tQnK1Cn IUCh .. density of 

,III: poIrtic~ and 1111: spllI!>-'emporal 1(>CallOn m particle !dease, it ""as possible 10 ClIamtne IhIe 

ImpontllCe of lhese paramelers In inOuenei"llnnlpor! """esI_ SiPte ~ uampon or eggs and ellly 

",rvle IJ co ... i~ 10 hi: ()f)I! of the! mlJor fllCton \lttl*tIlli on """,110<.)' rttnUCmCOIll success­

(IIUlChlngJ tl o/.. 1998), Ihl' "lIdy ltIIy be IUCrul In fur1hcnna OW IIIICIenIaKiIllll of recrUII ..... " 

vanabilny 1M IhlS economICally and cwlllJleally I~ spec'". Owpull from !he IBM compared 

"ell ",'h obscrv~ .,.I~ or ve.t!e.1 and h(lflzontal cu do,lnbu,ion fioam u.: n.""" I,,,bellllll 

IhII Ih. 19M prD'>l<lad quaJJ·real'wc '"",,",lien Of u.: porUDefen III !he sunul"lIom. p&rucle 

[)enslly and JpII .... nlnl AIel .. 'en: lbe major delCfmlnan!> of n .. nspon RICttSI. W1lb pamela "'vlIIll 

dens,tyof I 02S a em" beIng IllIlIiI _.cuMly tr~ on "'l'faF. and lhoe WAS be,,,,,, moll 

and lbe EAlI lile least f.~cnbl. 'fN"1Una 1«11. 80Ih the _11"11)' and pluern II\Ilyus mdlnled 

.hal parllele DenSl'y 1Md. 1I,I1IrlaOlll 1mI*" on boIh dle "atI~ and hDf~UoI d"ltibu""",. II1d 

Ilene. 111 IIlIporlall' etra;1 on tranSpOn _cess E ......... I>OQ of owpllu from lbe wll)'IIney 

cxpentnenlt hat itnpfo\'cd our wldemo.llna; of !be f'acton ,treell,. IhI: IrIInspor! o(plnlC!es from 

lhe spo .. 'run. 10 !be IIUJKI)' _ MIl his .Iso pmnutod dill: ''' ... ClcnUI,OII 0( biolojpClI and 

ph~'lCaJ propemel Ihli Ire "kely 10 innumce 1IlInSJI"If'. TIle dllulblluon ",nems of ",nltles 

~ b)' .hI: roodd, c;am~ rellu .... 1y .. ell ",,111 tlbterv,1IORf in botlI .hI: 'tn'tlIl .nd 

horlll)l:1U1i pll/lEI nus. IOiftbcr "' .. " the f'" ,hal IhI: PLUME model rqIrCI<hKes rcco&,!ibble 

mesosaJ~ feal!lre; IU(.h II uP",,,,U'III fllImtnll and p1~mes (Penven e/ 0/. 2001). 1)'« ~. 

contiden<e (0fICC11III>I dill: reali<m of lbe 19M....., !be _urlCy of Inf..-cneci made: from i. 

conccnu"l ...... pDI1 pn:>ccu 

'l'11li: mulls ~,rd hen .... ~ II$Cd 10 Idcnufr !be PI111U1ry dclcrminlnll of uanspon 

I1ICcnI III IlIII: _lOllS optnm<tllll 'imliladOM, and ~nulll"tl.nd compared 10 field ol>$en-'l,on~ 

In the JIUlIIW La.-ma;1III e.tp.:nmcnIS. A_ ...... 1M 1Iom ...... , panmc ... and ACCoun.ed fill more 

!ban ~'" of lhe vanabJ~1y ,n the I/1IJl5pD11 AlCtI/SI of pltllc:k-I lqII"e5lln~n, eSp. Tltll nndln8 ,_ 

fOOSlJIep, 1'1111 other modelul, , lUdlllS' of 1DO/M;Wy cq IranIpDI1 in the! 1OU1IM:m Bo:nll~l. Iyslcm in 

which buDyancy"''U nO! cono,d..-aj (Hugcn rf 01 •. :!003) Depth or"uwmn. ""It allo In imparlllll 

panmeICr in !be palsl"e LagrlllJl;lll expenmenU. bioI ,,~ In the buoylllCy cxpenmeml llnee lhe 

parucle Dt:n:oly parameh.'r ""OIItrol.~ the depth of pwlldeo II any lime IlC'p dunn,"muIIIlOllS The 

mcluwon or particle cIem,l)' in .... bull)'anc:y upcrimenlS sllllwed the I"""nlnee or .Jus paramer..--. 

botlr III i1Jclr and m d. lII1..-xllOOI \\lIb other ~ ...... WhctuI bolb buoyancy e~pel"I,",,"11 

odmnford demuy alllQ 1PlpOIUn' f"lor, reducln8 the period durln8 "'hl~h lite buQ)'lJlcy schtrnc \\'11 

"""lord only .ligblly rNiCed rIM: pcn:o:nt:l¥'/ of van.nce uplo.med b)' dell$ily (from 19 9 10 17 S·'.) 
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and inc~ the p""'etltlge of variance explarl\td by Ar.,. (frorn II 5 1020.2",,) However. ncnh .. 

expcmnent l.'l realisllC, SIIICC Ian .... He no( pas&lve LagranWan dnftm (model 3) and egg:s and I.lrwe 

bove van_ble densiue.l (model 2) T3nUa (1990; 1992) /Wi .ho .... 'n lhal the density of JapJr.ese 

anchovy (£~llr""lu jap<micw) esgs inereua during the,r devd"""",rn from lP"wni"ll to hat<:hrng. 

With e ... ly eggs belllg po"lIvely buoyutlild lMe eggs/roxenlly hale/ltd larvae negatIvely buoyanL 

SimillIl)', Coombs el a/ (1985) observed thai pIlchard (SmrJ"I<> pllchlUdIls) egg.'! IIIcn:ased in 

den~Ity durmg IhI; lal., $tagei of dtvelopmen!. 1-0 Ih:U by Iurlduog. sIsmfiClnl propOnlOn of early 

larv~ wtte de"ser than the IllIIblent sea_Itt 

On. of the pll.lternJ 10 emerge Ih>m the buoy",",y expcnmttu. i~ thaI on average, a denS"l' of 

I 025 R.""~ promoted tlte mosl 'ucces!lfultrlIl5pon when panIcles were released over the WAH 

That tile WAH "'-as the most successful sp.Wnl"ll area;n bolh passIve t..agraItgoan and buoyancy 

e:<p<:rimentJ ~upporl!i pn:Vlllll5 hypolbesa (Shelton IUId Hutchll1if, 1982: Aml.'llrong el a/ .. 1988. 

Boyd." a/ .. 1992; Roel., 01.,1994. Hutchin&" el rli .. 1998) that anchovy ~pa""'n primarIly 0"(1" !he 

WAn bee.use of tire incf<:ased probability of tucccufulwMpor! of egg:'! to tile We51 Catil nun;rry 

g.ounds Similarl). olhQ IIlM studle. examinl"ll anchovy egg transport 1II Ihe southern Benguela 

.yslelll also identified tho: WAil lIS the. optimum SUe for succl:&lful IRrI$p<>rt (Mullon tl aI., 1002. 

HuUeu el ai, 2(03) However, almost to y.ero tran>porl sw:cess for putide' reptcsenhng e!l8!l 

.eleased o"er lhe. EAB .... 'Jii surpnsing.gi,'en that =t field ob~rvlI"OIlS have shown lJI easlward 

ohlt'!. In anchovy Sjlawn;ng thaI hal; be<:a foll"" .. ed by .u£ccssful Iecroam..,t (vln der ling.., er nl., 

2(02). In Our .imulst",,," only lhe west COMt was ~onsidered (I.i' 5UlIJble DUJSeT)' ground. and lho 

ilIilure of successful Irao,por1 of paruc\eo n:presenllllg ew released over the EAB was due to 

advt<:twe!osseo offshore or mdi""lual particle, remaIning ov.r the EAR or II lelSt not n:""bing tire 

nursery are' '" Ithln lho 6O-day period of particle tracking. SIOce ancbovy larvae and early Juvfni~ 

have been fOUJld offSOIIlh Afrie. '$ JQutlr and east .""m (Anden. 1975; BecJr.ley, 1986; Ileclr.ky and 

HcwilWn. 199~). II IS ponlble thu these aleas mAy also oct as nursery grou"ds. This idea will be 

euml~ an.:! dls(lI'Ise<t In chaplet 5, 

Aoother wong potu"", observed was tho ehan~ through 1" • ..., of jet e= characteristics 

from lire hydrodynamIC model SUJluJauoos. Between Yeln; 5 and 8, transport chaoged f.om Iurving 

stronS northward and offshQI'"C: eompone"l5 10 hovi", weak nonhwlId and '!fong onshoK 

componenl5. Howeve •. this charr.ge did not n:$UII on marked changes in llIlIIual ave<age I"""pon 

sUCC(:Sl; fOl p ... n~ICi releued o"er the: WAil (fig_ 3,4c) This iodic41e:s lb1.1 wh(1"e... moog nonhward 

uanspon moves substantial numbeN of panicleJ Iq>rCSCnllll8 .W tOWliIds Ihe wesl COIL<!. a luge 

p,opomoo of !helle are .,tvecoed offshore. However, when the northward tran.pon i. reduced, the 

iL<3O<Ialed locr .... ed Inshore transport mea!IIi dUll most of lhe pan,cles earned to the west Catil make 

II mto !he """,el)' area. It appars th~1 lhe tnIn<pOn SUCttSS of particle. '''Presenung etil rele~d 

o'er the CABoor. EAB",and EABo« II llOl $troogJy coupled With Jel CUIT..,t .trength 

Tht- .."mcal diilnblllions obllined ia 5imuiatioM compared well with lield ob5c:rvalJons 

from the SHutch Line fo.- part,cles having a dnu;ity of I 025 g.cm ' and Lagl"llOgian panicles. In 
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fonln.!t, ",hen lhe ~nlck5 _ IIghl (1,021· 1.023 g em I) Ihey Irnd 10 be tono:C'nlnl~d 'n 1M uppn 5 

m. IknK (I 027 I,m ') p;lf\K:11:S 1M: dl~mbtHed bel"cm 6(J m and 1;t(1 m. '" hlch Ilf'I"Clrl 10 he 100 

d«p oompamilO r~ld oosCTnhons from IIv: :;outhcm Ikngl.d~ S)"SIc:n .• nd {or Inchovy Spt'Cltl 

d5C'",ht-n: (Matos 'lId Coombs. 1998; M05'T and Pomeranz. 1999: SantoS elil/,. 20(0). 

R~)UlIs from the. ,callOUS IICt'nanos In ~s orlhC" SARP LIM Indw.:ale lnolha lmporlllnl 

~lltm. namdya rrl.nonsblp bct"crn pal1ll:k Iknmy and , .. 'ragct! $1 ~UlTfnt lJ'aJISJlOI1. I'artld~ 

<lmS!!)' had dJlTCTrnI df~ on 1ra/I'J'OI1 to the- SARI' LIIIC' m dvC'C ,""",not: mooa nll'port 

(Sccmno I) promoIcd lagrangian piI'1JI:IC"~ and lhosc "1111 I 1Im!.1IY of 1,025 Icm" ar.d 

cmsldcrably rtductd thC" transpon of partlcks Ius lhan aoo lITaler lh.an I ,02S lI,em ' A, rK>rth'" Ird 

transpon ,",'U mluctd (Scrnano 21. lhe \J1Import of IIgII1CT (I ,021 am! 1,023 I,em ' ) pIIruclC$ "cas 

~llC<:d, w~ nordllurd tran5pOf1'"'cas substllnh.ally mlucro IScrnano 3). only IIghl" (1 021 and 

1023 Il.rn,. ' ) partldn armed al lhe ~ARP I Ilk' nus <U~s lhal ,,11m nonh"'lrd and orr~h~t 

lransport IS strong. most of the- parucks amnnll II IfIC' SAIt I' Imc lK thu5c " 'Ith I dC"nSI!)' of 1,02.5 

g.em ' In c""II'a~L ",11m nonh"omI ,nod orr~hofc IrInspon dn:.c:aSt'!'. or UOOCT condillons of 

moderale north",.ro and "Ironll onshoK Ir.IIlIspon. hgh\eT panlclco. Irc" I!lOIl' J1KC'Cssfully U1III~d 

\0 1M SARP LlnC" '111"", TC".ulls nnphaslz,e the- IrnporLIlICC" (If 1M III!mlClor\ lx1"un 000)"1""')" and 

pll}'5<cal condmoru; III IkICnl1llllllg. particular trall~ succ~s 1M Illy I,"m ~'C" 

The' Impon~ll<!t' of panIcle denSity on lnn~ SIIcCC"~ rna) ha,c b«n undCTHllrnalC'd by 

O~r analys," becausc of ,he "cmcal sclles used '11 the hydrodynamIC modc:l Tho:- mlll1mUm \CTUCal 

~>olulton of tile hytlrodynam" 1110&1 I~ 9 m {thc" I.lpPl'1'TTlOSI llya-) . ... hlCh rnay be- 100 large 10 

ClIplun: fmc·~ale dlff\'fm~e. (0' CT scalc$ of Inn ,0 hundredJ of em) III CU ''CMlcal dl<U'lbuuons thai 

have: bern rcp<vled for OIhe! ancllo,') $p«ICS (MDlO$ Ind C"oomb!i, 1998. SanlOS l'I aI .• 2000; 

C.oombs {"/ 0/ 2000 for f . ('1I(fOSico/l'S; Mo5C'f and POrNntrln.>.. 1999 for E mon/ax), Hmet n ,s 

pos51blc lhal 11lCTC"lSmlllhe uTllell ,e50luhoo In the ncar·wrfacc domaIn oIlhe- modcl ",oold hi.,c 

TC".uhcd 1M a hlyher ,carnblh!), 00 the ~tablllzrtllOO of ellg$ 10 dC"IC'1T1"11ncd dqtllls. 
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C IiAPTE:1I. 4: \100EU:'IiG THE EFFt:CTS OF TEMI'f.RAHIRE O:'li THE GROWTIi . 

MORTALITY AND TRAI"SPOII.T SUCCESS Of ANCIlOVV EGGS AI"Il L\RVA[ TO 

THE:'Ii UItS .: II.\ G ROU'OS 

4.1. I I"TKOOliCTION 

Ac«>rdl.1O Ibo f;IIf1'<:lII """'1SIandI1II of the bf" h~OI')I of £"U'I"/IS tl'lCr,l,JlcoIUJ • .,... 

and ~...,o(andIory ..... -ued 00 m.: Aplhas Ban.k.r It1UI5pOned to. f!molC nW'Sefy ...... JoeaIN 

on tM """t ~t or South Africt. n.. 1L" bt-rwern tlIc AsWlIIl Ow and this IIIIfS<'I)' ...... , is 

pro"d,..;I by • ...,..* 6'on~ jet thai "'>'rIops ofT Ca .... !'oilll ,n $pnIIj/lUmmtr (Shellan and 

HUlch'lIIi. 198:2; A~ n ,,/ .. 1983. Boyd n oI~ 1992: HU1ChJ~ tf "/, 19':18), Dunn, 

Uomporl. .,p .nd ..,.,... .no oxpo&<'<! 10 nlKfU.O~ons '" ~tutr (uullOnl from SIl'I,OII ooo<l 

Irmpen! dlfTerttICU In tllO' oceanoaraphic proc.tSKS on tm. Aauillis OlUlk, In Ihe Jet eurrtlU lUld in 

1M nunel}' ..... The AlulhM Blnk if bowulod 10 lb. nnnhwul by • cold. I!Ulri.nHidI upw.lhn, 

''',''PC:. and 10 tho C:III by the "'lIffiI. nuUi(nI4did"nl AIUIhu CUmnl (Lurjrha"",,, ,,/. 1m) 

T."'P""IU~ on the AauLh .. a.nk n"lio' belw~n 14 and 21"C In 'pnRllnd betw.,.,n 10 lUld 22"<: 

in JIIm""" (Mlld .. II-IMU t' al .. 1999) The opIlmallempmttW't ranao fQr lIPII .... nona of anchovy his 

been ,,:knllfied.5 16-I9"C CAndor>, I96S,1Ung tI ai, 197&; Shelton. 1986; Rlch.rdton . 1998) In the 

Jet curr.nt bt-I ... ~n Capo PmonJUlI and Cape Calumbm<:. the lomponture of 1Ifl"lIed _or 

nu<:lWIt., bc:~.n I 10 IO'C . .... hl .. remptfllnarel In excns of Ire 1Ia.-e bee:a rcconled tn IIw: 

IdJ.cenl DeolnlC " 'lim (ShaMoft. 1985, Shlll'"llOll and Nrqur. 2(02) A lrudy U51. "Jr­

OI'JlfIIU/li ~ 10 ,barK_ .... $lrloa km ....... 1lR (SST) nnabtlll)' Oft 1M ""'51 COaII of SolIdi 

Alr.~ (i.~ lhe nunoty IJUJ IIIowecl tho! SST,.."ed ~ I) and 17"C m "1""'10 -.I bnw«n 

14 and 2O"C UI _ (RIclludJOll eI Di., 20(0). AndlO,,), W\.., .... tmablr 10 IOltrJ,tt 

tomprnhlfel below 12"C (com per H....,h'fll$). ""'iIt "" iDt:ubotioo kmporIllln'1 bc:lgw 14~ 

Inhibll do: ,dop" .. ,. 10 the ",I'" thaI ....... IlI( 10 iItvdop I fIoflt:tionIol jaw (Kine tl 01 .. 1978) The 

devdopm"mal Ok of ancloory oil and larvw II 1""'P'fIo1Uf!-<kpmdau, muSI", oxpoMDuIltr 

.. ~dI LIlCfQl;UIJ kmflet'a1llR W ...... I .... ltt \\~Il coDJoqllemly ott.leGiIt motabolillO, flvonna; 

IlKilvtdiW p1IW1h bul reqwri", mort food. Con .... ,.,.,Iy. wid Wlt..- deauses m<tabolism 10 th~ 

"'tn_III of Indlvld.w poWl/L s.v..-al,u.fI1II.IIO model tho .olallOnShtp bo:lWcto iocul»toon llIne 

and kmptnlUrO 1Ia.", beo:n COI'IdIlCICd (Smull. 1913. Lo, 1 ~8S. 1986; I.e ellIS Ind MOIIan, 199') Th. 

fill .. of o:a clevdopment and larval JIO"IlIt Dr E"I""~III mordtu II d,fT.rent IClllpeflltur<'S ........, bnl 

dcKnbc:d by I GolTf'"nz-rypo curv •• wilHe lI'owth /DIetl trod 10 undo'IiD .xp!>Mmial decay .. -,lit 

lilt'" (Z .... ,f.1 and lasker, 1976; Methollnd KnllW', I !l79; Hrownelt, 1983), 

Tho research dtsc.ibo:d In this cupltr UII<:J an indlVldul.i ball<:d modelml approach 10 

II<Idrt::s'I thr '1uo:Mion of ho .... the .rreet of tomp<:fIlIUrt! on po .. m and moruhl)' tnlCTXU Wllb Iho 

I1'ampnrt Df "UI and tan..., 10 tile nur>"Y atetl An Ind",dul bo.5td rmdcl (IBM), JI1D'Mh .rid 

morulllY loodol (rnodd 4) . ... 'U o:onk'Qu.n~y (b,Jll<d 10 aomtne tho .fT«I. of tempera",", em Ibo 
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IllOI1I.hl)' and iJO'oHh nl", of anchovy t'JIS and Ilrvae. the l/IIftaCuon of Ihcx dTecu .mh 1M 

lempo".1 and spaual _In of !he S~"'ll l na proc:esa. .nd 11M: ~onseq .... nccs on IJ'I.MpOI1 'UlXC!<!. 

Annual and SCti()r\;II pallnns III !he tnnpem ... e profile. gcnt11Itc.<d by ~ hydrodynamIC model 

PLUMe ,,~~ first Identified Subsequently I $lmpk l~mpnal....,...Jepc:ndc.u grQ'N\h scheme .... 

selecu.d. ilireshold Vllu" of tnnper1llUte .ITCCtLl\i C'g&5 and larval monall1Y wm: Ikfintd. and III 

IBM Ik<lgned The Icmptnlun approach used In thl5ffiM m.gll1 seem too sImple. howe,,". II II dx 

ftnt aUmlpt .0 ~lal.C and qUlnllfy!he ("lIcal rO'«:1 of ImlJ>Cl'ture ,,',!h such spallil and Imlponl 

rnolUllon. Nc~t IB"h should lIIeludt othtT mOrtahl) sources sueh p~dallon and r;1'r>"Dtlon mal 

could nO! be. .ncluded In ltus audy ciu( 10 thl: licit 0( firld data 10 support baSIC 15SUmpnOM. The 

rewll.> ,,= anal)'led ""Ih • muluple factor anal>,," of varuJnCC us'ng !he IIcneral IlliCIT model 

(GlM) module ofS\aIi~'CI. md "Cf"C Ibm compared.o find daLa. 

·U . METIIODS 

4.1.1. ldenlllklllklll or ... ul and ~aSOIl.1 panorll. I. I ..... l em~nolliTt prom~ olilpat' of • he 

hydrod)lIamlc model 

"nnual and ICISOIIII tnnpnlnm: profiles gmcntc.<d by Ihr: PLUME II>OI.kI ,,= 1II,-cshPled 

118 it.ILonaln.,:)UI1iem Bmauell rti'on (F'g.:!. l ); ihru stlllJOOIi In 1M nursery 1m. "CSI c~1 

(Nur!. Nu.2, }iurJ). one JIIlI10l1 In tM Jet o;urmLl, four SlDIlOn5 0 n me, Ajulhll5 BanI.: (WA9, CABo. 

EAJlo,,-lllLd EA R .. ) 

5, __ 

,,. ,., , .. ,r ,., n '" 
Longilud~ 

Flt!.Un' 4.1. Map of the 8 $IiII,OfIS ... her~ nm(-se"(s of IC"IIlJXraturc profikl "eTC t.Klraeted from tlw: 

h)dmdynanllC model (i) three SlaILons m RIJI'$tIy am, we$! eoeM (Nurl. NIII"'2. Nurl). (n) Jet 

c~ru. (JII) fol.!r $tlILOfLf 'D Agulhas Bank (WAS. CABo!., EAB.;.rrarul EAB .. 1 
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~,2 ,2, O\·tr,ino- of t"~ IB.\' rxperimt"lll$ ... d J"'"dalioJl~' 

"J"bE 18M ... u usn! to InICt Ik mo"emm!. of~I,IC$ ICjlibomunll afK:iIoyY tUJ.nd lwvx 

of opttmlOl 1km1l)" (i.02S ,"~.J) spa ... nN on Uw: Agulhas Ibnk .nd tranSpOrted north .... ards 10 tlIo 

"esI eoasI nUJ$Cf)' .,.n.. Th5 model incOl"JlOl&les a buoy.>ey sc:ho:rne appbC'd only 10 partlclei 

reprnmuns flIP (SC\' Chopl~ J) and n:t:tlM .'-' algorumn ddimni IUIX~sfl>lIy uansponro 

mdl'1dual5 lit ,ndiudual, ~:Khmg the mshore and offilhore IIT~ of lhe "tSl Coasl WC'J"e 

COf\S.Idm:d 10 bC' l\llC«Sifu.i). T,,'o addlUOQ;II procnsts,,~ also .nc"'f"ll'8led, namely jIl"oWlh and 

mortahlY of P"'"tlcin reprtsmUng tW and lllT""llC' as a funcuon oftnnpenlurt lkeause Imli model 

dlSllTlifll5hcs bC'1"'eoen $Ia~1 of de,·dopmall. ~faence WIll no longer be made 10 "p;Irtlck .... but 

r.1'-',1O "cW"1IlJd "1arv&C'''. 

Stt lloll of ~O llttan" ud p.,amde" for tbe txp."imfnt . 8cfore rurullng the cxperlmel1l. lhe 

WIllitan .. (Cu denSity. lha~ or eggs., duraillm of It-.clung, dural10n of slmulalion and nwnber of 

tU' released) ... ere IC:I Chblt 4 I), "file, parameter. 10 the IBM .... = changed for e.:h lnd",dual 

5Imul.otHm 50 IMltlle,. c(fccl5 could be tested us'"g Uw: GlM lbc paran!<:k1'5 (lISted UI Table. 41) 

,,~ Inlt (6 .... I~) Ind Arta (4 \1II\IC$) of sjIiI"'"TUJ1g. Ynr of 9mllll:llon (S values). lkplb of 

SpIIWTUOg (J .... Iun). growth fill:lO!" ().- S I·alues). klhallnnpeatu~ for ~ (e. .. 3 \ .. 1111:5) and 

IlIT""IIt (OL .. 3 , .. luts), 1"hret rtphCll0:5 of caeh ,"n"laIlGn w= .un, ... hock. "",II ,Ulhe romblJUlbons 

of I~ "...m~lCT$ (cxecpl A~. of Slmulah(ln for '" hlell 1M 4 .... 1116 of 1M p"""mct« "'= "'sled 

simullaneously 10 ~Kh IlmullliOll) IICIImIIW ~ 101a1 of6.\.s ,3 .\ S .\ 3.\ 1 \ J - 12lS0 lI mulat.oos 

f(lr I"" npo:nmml rr,blt 4, I), 

Co"Ogu,..tjo. of Ilt t tlpcthu" .", The configUfllIOTl of tM mood 15 ,lIustnitd in FiBW"c 4,2 Poor 

10 each Slmulauon. the model .... 1$ IOlIIahznl and lhe pilrarmkOS R I. an« .. hlell OUIpul$ &om 1M 

hydrodynanllc model (tempcuturc.. sahnnyand \'Cloelty field) .. 'e~ used at mpul$ 10 t~ IBM II 

popu1anon or sooo ~ ... ". ibm r.ondomly ~ka5Cd 10 WAS. CABI'III. F.AS .... EAHo.. (ba5Cd on 

field ooscnallDns of anchovy cIII dlmibuhon. 5tc: \'all dtr LIII8CII rt IIf .• 20(1). The JPiI"llUlIL 

dural,on 130 days) delcmuned !he prood over "mch new til' entered Ihc populauO/l n ·.ble 4 I) 

lbc 5t~ datC's rcwned for each spa ... ·!nng .... CT'e: I- October, r 1>00VC'TT1ba-. I" December, I" January. 

I' Fdtnary and I" ~brch. COfTC5p(IndUlalO 1110$1 orille l pa"lllni Kl50II Each IlmuLallOn ..... , run 

for • penDd of 90 days. during ... tlleh !he: pos&hOll, lenllh and ItlJe of developmenl of each 

\Od,,~ UI the IBM .... '-,Iored each 9.611 (S tlllles e:lch 2-day Ilmc Slep of PLUME, Tablt 4 I) , 

Once mdl",dulb hatched, larv1l1 mo'"ClIlCT1U werc purely Llanna,an Detail, of lilt bwyal"lCY 

,.,hr:mc-...d the modd ~ up are proVllled In Chapl« J, EiiJ and !.at<;ilC wc:rc rubjcctcd to mortahty 

r>:$u.ilma from kthal Innpmllurc .... Jues •• od at CI'ay 9,6 h lCm.pcr;II!~&~mknl lP'O"',h ilI:lleme 

was applied to tile CIIIs ,n.:! lan"c. The.- model ",.!ogmzcd twO $lilIes of IndlVldwl: cilis and C'IIrly 

Larwe (up 10 thl' pre-feeding SIaIC). The mortality and gTo .... 1h of eggli Ind larvac "assumed 10 be 

purely dependent on lCmpaalUre. Tht modeltllerefore 8110 .... 5 for IWO JlO$SIblt cI'enu for each of the 
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-UF': (,) qc,,,,1an~ 5L1l"\WC and ifO"'dc~lop at I 1'lI1C aoxordml 10 1Iw: ikIIlblcnl !(Iltpdaturt', IlIl 

ClIP 1 ...... d", b«ausc thr IIrrtbll'nJ t("lJ1pcr&'(R faUI OUISIdc of cnllCal limits 

Tabl .. 4.1. COI1SWIts and ~krS ~ \0 formuJate 1111: .ndI,-tdlQl·t.scd mood of 
gnm'th and monal''Y as a fmellOn of temp'" 111ft' (model 4) 

Dur:u.on of ...... lIaIiOll 

Eadtmny 

Ikocripllon 

s,.. ............ COftIWII prIX_ J\:Il'''' 011 ,lot first dooy "r 
• ......w.o. and wunt JO <b)'l' 
AU pal'll<ki rtpfll$tfll .... fUs "''In IfllCud """lib< OJ' of 60 

"'~ E\t'r)' l ...... bllOll _ NIl 0"" 90 dIo)'J (Spa .. ,. .... dt.f1I""" + 
Trackl/l& durauon) 
P.anoc:leo ~ ~~ascd OVcr ~b 4 1pII,,'ft!"II 1m .. {W"",,", 
AKullw Ilaak (WAR). C"'lI'il "'il~11L» &nI< orr."",. 
(CAA,,,,). E .... m Ajullw!lank w.borc (EAo..) NId off!"""" 
(EAB.. .. ) III proport_ of!h.o ~w.vt &iu (m km', or .""h 

". 
".., ....... ,,)' of.US ...... KI In the model 10 I 025 \&.em ') 

Tho dupe 0(1"" ""I,a. .. d on tho model _ usll1K the '~I'" 
mill.". t" ""')or IU" 1<1< a 111'0(.;,." sphm.>id 0.05,0.]4 on, 

FW "', •• ,d • .utd in W<'IImt (WAD). C.ntnl olhb""c 
(CA H,.,.,). F..utcm "'gLlIt... 11.: ...... llIIbo •• lEAl\.) and otr.horc 
1(A1l.;.,,1 

ThII dol"" of !pO"""'i .. 'tIC ~, w ,- OclObtr. I- November. 
I· D«tJnbc,f, 1- JallklA/'f. , - hbru.ary.OO I- M .. ch 

y..,.. .I., from H)'dmdyn.nuc mod<l ""!pUI (Pen.' .... 2000) 
"'Of. oucd in lilt '"\1 

Ell:" ... ·n~ Rfiwd.1l 1 dc'p:h .... "" 10 0.1$. 2S.SO and $(I.. 

75 m, ... d randoml)' .. ilribukd '" 1IIt .. .&tcf rotun. ....... 1M 
'I'«.IW'IIIII" 

ltf".hem"enIllR("'~ l10t fnhIl I'QlP"alllrtl' (or"", ttt.l "'Of 0 oeI 10 <13"C, 
<l ~"Cand<I~"C 

~ ~.Nrr r", ....... ~ Tho Icth.oI ."""",oIWn (OJ lon •• 16,.1 wtTo KI 10 <11 'C. 
< Ire .on.! < I VC' 
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ap,r, , ~J: / r I'{"f" tr".p~"'h<te 0 11/ t /I"''''' .,.""", j~'.~ If Hi~1 • rJf, 1" • • <rn'l'''" ,U~UH " 
I ! k ,WI spawn'ng I STEP I"dlvldual ",,,h age. dcnmy. 

I··'Q!· ... 1/ 
I~glh. .... g~ .. 1"<1 P"'''"'''' x.y.Z 

-I 
E."I""", "<I"""y ticld ".V." and lomp""''''''' ~ I~mpt -I .1"<1 salLnil}' ( .. 1) field, '" x.y.z 

F", aU 1"'lng 
'1:g' Ipply Stop -I 

-I Yes S1:1ge ." No 

I ' !+ I I 
C.Ic" .• 1< buoyan,,), , 

K'" 

",. -11,01. ''''''PI 
Calculuu.' 
SIUtl~tIC$ -I 

Calrnul< n<W poXltlOn 
-< - ~"'~,I, 
y - yh"<f, 
; _:. wm ,. "·,,,h 

-I I Co.kul .. ", g"'''lh ~ - themp. lc""thl and neW 1<~lh I 
-I 

Ch.d, I( length ;. Ih,ed."W 
CaI"",!:It. ne .... '''go 

1-
'" ~ No 

).. J.. 
, 

---If"OIflJl < 0, No , tft<mp<o,. 
, 

I I lm", ~ truo l!V11Ig - f.1$e l"'ln~ - lfUI: I 

C.kub'" ".n.1"''' IU« ... ac<:ord'n~ WIth 
,uccessf"1 .,...,"urse"" .",aj and as' 

1 
Y<s Succossful :u ... No 

.nd .go' " I T lYIng - 1m<: llvln~ - f.l", I 

Figure .1.2, Flo""chart or ~xpenmrotal simulatIons of b'IUwth and mortality mode!: general algonthm 

(loft). and lilt details "rlhe PnX:eSS simulating ffiO'tnJeTlt. growlh. fI1()r1.allly and transport success 

{nghll_ 
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'IIi 1"'~.,.,1't Jlu."U ,,, " 

K"'pOD~t ' -lIn.blrs: tIU . nd 1'1"1.1 mon al ity I lld u'Ja)purt suCCt». The lr&nspor1 $UCCQ.! l~d 

~g and .. 1M: murtahll' COlma used by Ihi~ KJ'0'41h .nd InIIfUhly Il\OdIeI (1TIO<k1 4) hne hem 

described m Tabk 2.3. In lhll modd. ttree respontf: vanabiCi .... I.ft ~: ( I) '111 monal.-y 

mckJ.. &:,flMd as lht 13110 oflht number of eggs 1""1 dIed III resull of the 1£1IIjIU1Iture crrecl 10 1.I.e 

number of CUI tl'leascd, (2) 10 • .-.1 monahl)' Indc::x. dtfined as lilt '1110 oflbe number of larvae Ih.ol 

dll:d U • <$Ill of lhe' lanpc:raw~ effecl 10 the number of egg~ tRll RIf\'"ed. and (3) ~, 

5UCCeJ,S, defIned Illhe railO oflbe number of latvK lhal Allsfied lhe cnlena of transpon SUlXCSi at 

lhe end oflhe IlmulallOll 10 the number of cU. rdn,§ed (Table 2.31 ~$(' response vanlbles ".~ 

tht dtpttJdml VlIrlllblcs used In $Ubsequcnl Sllil llUC1l1 anaJytc:s. 

4.! .3. Growt h \ Chf nlt 

~ grov.1h equllllOll anployed lJ1 !Ius model ,,-as Msro OIl lhe GompnlZ ItMXkI &:',dopd 

by Z"~fe1 and Laa~ (1976) 10 describe the growth of northern anc:hol-')' (E. ",onfiU) from befor. 

hau:h'lII up 10 fiB! f«dlng_ 1k model for rgJ!$ and l:arvx of E IIfOI'da.t 1aI.n 'n,uai length ( I •• ) 

, .. Juc o f 0.023 mm. ",,111 Ien&I11 1""~Slnf! uponmuilly thmu,b 12 tillS Slallello ..,xh 2 8~ mm f\ 

balchln, • • nd Ihm gntdually COll\eTJlng 10 4.31 mm by !hi: Ilmt lbe 1aJ""VU develop II Ja ... liIal allo".; 

lhem to 511U"1 fted'/lj (Z",c lfci and Lasker. 1976), Ind'VIduaL. exposed 10 hlsm Imlpcralur~ show 

fauer 8JUwth J:lICI IMn liIotf: ""posed to 10",er l=pcrarun:1 Ikcau~ thc Imgth of ~~1I' and larvao; 

(L.r) Ii. run~"m of bolh ' lnlC (I) and lm1per:[turt (7) IUO"'th "a~ modeled as: 

, , t(l~'QT' I 
rT'" ,,~ (4 1) 

(4.2) 

11M: par.unc1CrS L •. k. u.' m and jJ " en: empln~~Hl' tl'I 1I .. :cunllnll 10 the 'lIlues of Z"'e,fd ant. 

LaIkc:r(1976). 

Klnll el III (1978) )oo..'w thaI a hhough E. cncrn!le,,/u, "'$pla~ the $aIlIC ImlpmllU~' 

dopendcnl lP"""tlI pallcm as northrm aoclm-y, '~1IK:UMIlOll mn~:md k",1hs differ bc1: .... ecn tht 

Iwt) 5pn::IC'o. Dut 10 Ihls d15pan'y bc1: .... cm the model of E. _rdax and tbe.tau! ofKtn, d ul (19n; 

for Cape: .""hovy. 1110: l1l()(k1 of Zwt,fel "'..,. con-«IW by madIfl''"' the llope of the kn&Ih , 'I:ISUf 

umc tun.·es aoxordtnlllO 1110: dala of Kmg.., III (1978) n.e ~OITCCllon ..... tJEllrJI<lnled by fin, .. 

lht paramc1tr a r for Iior- mlptn,aJJy dclc:muned ~8th at 11IIII:hlnll of Capc anchnvy al d,rrerml 

IlII:UOOUon lempc:nluTn. U~lnll thIS approach. I iItI of equ,wm, "'U devclopc:d 10 desrnJ>t, ,be 

IIfOWlh of taTly slages of Cape ln~hovy In tbe $Oulhern Btn8\l1:JI 5yllCTT1 (Ftg. 4.3). 



Univ
ers

ity
of 

Cap
e Tow

n

,,------------------------, 
23.2' 22.2"20<)0 19.5· 11" 

, 

o 
o l 

Time(h ) 

6 • 

1J6~ 
II 9~ 

10 

fl~urt -1.3. Gomllcru mO<.kl of CIP" ancho\')' lJ'O'A"th .. I functIOn uf ICmperatuU C,,,,," ,..dltltt 

""" hatch,na: lena1h I. ,ncu'-tlOn ume undc-r d,ifn-<:nI .nnpmll...., conchll"". acconl,nl! I"" 
f;'lpertlTK'nl$ orKlnll'"/ "I. (1918) 

n.c, equation (Equation 4. L ab')\~l pnmdro by Z",afd and l.sktr (1976) has 1"'0 !cnns \\1lh a 

doubl .. "\pOnenual llu~ equMlOI1 .... u IImphrlftl by hlraru.l'oon 10 redoc .. ~ompleXlly In tilt 

S!rnu~toon procnsn a . • ,ItUStnllnl "'1th ~m:1n In F'I_ 4 4) ""1'> fillnilo a hnn. , .. !au",,: 

\ 4.3) 

lht paramt'rB of 1M equal/on art " . ()~ 1 and c .. 208H wnll I .orrdauon of f?' .. 0.95 

D,rr.:m11 \~[ucs 01 a, "'Cn calculated II) '0'51 lhe effcci of 1IfO",h 

(4 4) 

,,~ 1 IS 1M growlh facIO, that "'as "Sl~ ~ differ .. ", values 10 tllhn- d..,d .... l .. 10.5. 0 .8) or 

accdmllt (1.1 and LS) the groWlh TIlle. and l .. I reprt'$Cml s Ih .. oni'""l , linrariud , tlaUonWlIp 

hclwttll or and tcmpen.1U",. l \'alues of IS and 12 would 1lO"SC<jutnlly ""P"'~n l mCrra5CI In 1M 
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gro" Ih mle of 500/. md 2U"~ res!",CII ,·ely. "hereas 1 ,"olurs of 0.8 and O.S "'0\I1d reW!!'Ienl decrea."'§ 

In I~ gro"lh ral~ uf2~.OO 50". rcspecl"ely (FIG -44) 

• 
" 

3 
10 

o. 
a , 

1 
" 

o 
10 " 10 IS " 

IlIu,lnnes the hnctu'llw rdallond"JI 31 'lInol.lS (c'-els or l tJVO",th f""tor) Clf~lft IndK:3te (he 0 , 

esllmnlo:ti "llh equatll>n 4.2 under dllTa"l"T11 leTllpcnllJl"e cooon,cms accordlnll the upcnmenl, of 

King el ul (1978) 

To compute length III lP,en lime and I<"mJlffilIw-e, In Ew.,nan I;,prOl"TIIhon "'~ aJIPhed 

(ftjl,WlQII 4 51. m wluch dtt"':IIi\ ft are caiculalo:ti b)' ftjuall<Jn. 4.6 and J 7. 

(4.6) 

" (J 7) 
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TIle nummell !iOlu.1OII of equltlon 4.1 [eqllltion •. S), the firs! and the Jeo;cM d"""I1"" 1011_ 

46 and" 7) for. I~ of 1510(:, and 11K analytical toIutioa obtau>ed by eqUAIIOrI (4 I) are 

shown in figure 4.5. Qe(:allK Ihc> !IO]uhOfl o(eq_~.5 is dcpcmelll on the larne IIqI cmpIoyN.. 

maximum lime step /AI) of 0.25 days _ be 5lelei;ted to ~ plOd appnnu..-.uon. U"1li tnn. 

"0!Jl'I '0 eJ<teSJ of O.!5 dayJ ...... 111 III IIfIIII:CeJIIIIbk devil",,'" of !he lI&IItItfkoJ IOlulIDrI of tquallon 

(4.5) from Ibo onaIyucai Joluuon. 

, 
• -, 3 

.. . ... r , ----,. -• , • - Numen .... 1 .... MIO~ 

• , 
, 

- , " ..... ~t 1",,-.. , 
" -I _- -

'i/ 
, 

-- --, '0_- -
j ----r-..-- ...... -~ • • , 

TImt tel.)'S) 

f1~urt 4.5. The IJlII1'IOtical and anaIyllnl 5O/UIIOII of equahon .. I. tile first (r) and the .econd 

denvauve If') for • , .... ""',at..., of 15 J·C .... 01 01 ~ 0.25 cbo)Il 

4.1. ... S,.,luk,1 lul,.II . r the [B.'II nutpulS 

A lal"OvlI)' anal)' ... was Ipplied ((Ilhe mpoPle (dcpcndenl) ...... 'ables oftbo !l3M.lIlmely 

OK monlhly. I.vll nwl!ahly and IAIlSp<.l<I JiIlC<:eU (Table" I) us,,.,. • muh,ple f.aor ""...:e 

aoaJ)'I'. from tile GlM mOOule of the Stalimcl p.:k&F (SIlISof~ 2(00) The panml'lm and U",,. 

lIlIerKI,OnJ ..... "' co~l<le",d to be the IIldtpendent ~ .. "'IQ III !be Rll!UI'VlI)' analyx:!: To ooaIyu 

the ep and Jarval monalll)' Ylrilbles. a ful! Gu.! ..... run IIIcllldlllt aU \he .,.,......::ten and \heir 

,n\<'fICII(W "" to ~ HCOIId level. and Ibo& lllal upl...-J IJIOtC lhan.1% of!he ~ For !he 

dependent vanwie ..... llD!iporl ~", two GLM ..... ere lUll, Fn!!)', alJlOll,:llhal i""l~d ~p 10 Iht. 

r ..... Ie,~ of IruroCiIOIlI (tull GLM). .nod secondl)' • l"b-optllr~1 model 111.11 jncllided up to the 

...cond Ievt-I of 1lM~rw;:1,0QI .00 onl)' •• 1**"OCI<'fS Ilw upla" .. d IIIOI'e Ihan ;!% of 1M voriance 

TbereMOrl for Ih" poouduIe .... thallhe ful! Gu.! ~n"'d a hi'" delPH oreno<. ",q~i"lIj Ihal a 

JUb.optI .... GLM 'ncllldinl the _000 1eY(!1 of interachOllS be _d, The ffCljueDCY d,stnbut,on of 

the ~dU:Wt of 110: Ibroe depaxlcnl vanables. as well .. lho "&Jl,Jicance and propo<l'on or yarW'lCe 

e~pIa", .. d by _" or IboI pIIl'IlrmlCrJ and 1M" ln~racclo!1ll "-ere also compul«l dunna !be !lelKJh'-11y 

lMIYSll ~ rtlllllf ptmllitro lIIe ,dent, focalion or !be maIn .'.iobles rim Imp6<:1ed on e&i and 
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IlfVoJ mQnalhy Ii well OS IIanspon SUCCW In tile IBM. The GLM was also ",cd to compute leUl 

~m means lOr each mod.1 vlnable in Ofdef 10 aMeSS ~ eII'ea of l pecifl" variable val"", on til< 

<kpendcm vanablu. 

U. RESULTS 

4.3.1 . IdenTification ur annuli Ind su sanal lI.nern l iQ Ih . t . ... J .. ra ' un p. onl es gentrated by 

the PLUME mod. 1 

The analySl' oflhc tcmpcroTUre profiles sbov.'td marked seASonal I nd aMU3l p.uems on the 

Agulhu lJ.ank. From June to October the first 75 m '-«' vfT)' well mIxed with wlte'lempcratUJ'ts 

bt1wtcn 16 10 14"C From lote Oaober 10 MI",h,m. wlln column ICoo. to b< ffiOJt s\rOlifitd and 

lb. isolhenns lIan 10 dttpcn [" ....... 1lI JW>C.. In gonna!, ,hi. pr~ .. j . reputed in I II th. ycars Ind for 

.11 tb< 5111110 .. 0 sampled from PLUME on the Agulhas Bank (f ig. '(6) The profilts I I lb. slltl,,", 

W AB, CABo.. and I'll. Boor (Fig " 611, band <. respcctively) showed . similu . 1 ... li ned SlrUClIIn' wilh 

""thenns less than 16"C usocia't<\ " ab d<pths I ... than so m The WA H WLS an exCeptIon. 

howover. dun<\& the period In whIch the waler cONmn was wdl nuxt<!. IcmpentrurCS less than 16"C 

were obsavt<! from Ih~ SUlflc~. Th~ sam~ I"'unn IS lOund for EAB" with lhe dilf .. ~nc:~ !Ita! m., 

ml)"ng of lbe waItt column ,s more ,nlens<: and the $I.t(ioru ore wllower (maximum IS{) m) than 

.I..,wh .. ~ (fig 4.6<1). 
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fl~~n ~.6. Tmlf\<ft~ promel .11 4 "",.hbe\' 1ft th~ Agulb;os Bani: (I) WAS, (b) CABooc. (e) 

F.AB, ... (d) EAS .. Ub'-:lcd fro ... PLUME. ~~ r ia 4 I foc loc.oJ'(0(5 

A " .... w aenera! I~I ...., .... 11&1 paltem "lI. obsc.vN at 11K SUI""" !ocaIN in 1M 

nursery llel. "'ell (OW lInII jet CIIII'mL SlnobfoCMlon of 11K "",I ... colwna bcpcI illlal~ 1:>«"""",," 

!l!'od IUIN lIIlul JUIIC. tarl .... Ihln on tb~ AIIIIIIM BIIIk area. Wltb .... ~11 muN ........ column 

bctw_ J ... e.~m"'" 1ft!! I d«pcf aleniion of !be m .. m, (FIll ~ .7). N ... I $UI;on d<pam 

remarkably from 1M otbtn (F .... 4 7." .. WI 1M _n column _ d' .. 'lClCI'1lN by Innp.'U~ 

leu IhlII !4"C .. dqlIhJ vcat .. 111M SO m. e<cepl dunnl the perIOd of iDlftlSt """;01 whct'c lbnc 

cemperaN!'O .c fOWld flOl1I Iht swilltc (Nllrl -.on II very shallow wnb "''''JIlIIIlI depth of I}O 

m). In the iOuthcrn SU'IO"'" (N_2. N..,) and tbc jet ."""U). tbc Icmpnarurc lIIC.e.....-d and the 

.... ,r..,.,"'" of the WlII ... col"11111 ... ~ Inlense (f .. ~ 7b, C 1ft!! d '<SpC'<u .... lyl. 
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I . , . .. " " " " " He 

"ignt~ 4.7. TntlJX'raturt profil~s In 4 Il>Caltle.~ In .... '<:!i coast nuf'$("ry :I",a: (a) Nut!' (b) Nw2. 'c) 

N!.II J and (dl Jel clll'1Yn~ tKtracled frum PLUM E. S.., Fig. 4, I for locahlie< 

4.3.2. Semi,;" il)" anal~'~is: Egt: m"rlalil~'l nd ex 

Depth was tilt pnmary delt'TTTlln""l ~f ~gg mortahty {Tabk ~.21, With the deplhs of50·75 m 

rt~ultln8 In hlghe., egg mott~h ty. followed l'j surface and ,ubsurfaee (Fi g. 4,8~). DaiC of spawning 

und €I, had a less marked but snll slgrnficant effcct on egg mortahty ,ndex (labk " .21 MaxlffilJl'Tl 

mortality wa, aSSOCiated WI'" eggs ~JXIwne,1 In October (Fig. 4.8b) COincide", With ,he onSCI of the 

upwdJtng (Fig 4.7). and With eggs sus.::C'po,ble to brooder lethaltempertllurt ran!!", «15°C. Fig 

",Bc). ThIS (aSi ,,,",uli su8~st:!l thai an increment of 2·C in ,he susc<"pilbillty ranlle of IcmperaiUre 

nKrea>f Ihe mortality In I lS~'o (Fig. 4 8c) Year. Area. growth facl()!" and 6, "tre all sll>'I1lficant 

parameters. but explamed less Ihan so;. of 1M VDrlance oflhe model "(l.., Dalc·Dq>lh and Deplh- tJt 

first level of Inleraclil)l1S explained nn Important part of the v;manC( (Table 4.2), Collccli ,'dy. Depth, 

Dale and 6, and the mterat:llons hsltd m Table 4,2 explaint'<l 74,3% of the variance of the mudd. 
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Wllh an CfTOf Iron of only ll.~. [fable 4 2), Visual CUmlnall\lll of the reSIduals of egg mona),!)' 

mde~ 5l1ggeSt«i a normal dl~lnbullon . 

Ta ble ·U . Grnerallmcar model applied 10 the output ofthc growth and moltallty IBM (model "I ~ 
dcpendrn' "mabie egg.> mOft~ It!)' index 

Gtn~ral l. ;n.a r \I .,MI 'f SS MS , , f:":pl.inn/ '-8rill"<" I"'J 
Inl..,<"!" 23791010.3 23791 010.) 30\!-46H 
Sln&'" ,·.rl~bl. 

". , 1720734 430184 ~.q8 S . , 
0,. S 38622'16.5 771~\9J 1()(Jl~J S UI 
A,. , tll717.~ 372393 48Z,8 , 

"' 0.._ , 9sn47.16 49187368 6HiJ.9 S ". 
(J<ov.-,h f":lOr ». , 204663,7 5116.5.9 bb3.4 S " Lcthal,<1TIp (01 CU' 0, , B066249 1I5331H 49533 S '" 1-,,'hAl "'mp fill I.,~" 0, , 0.0 '" '" NS '" Fjfll l • • • 1 M In( ...... !l~d 

Da"'*Dcp'h " H64164 6 476416~ 6177,0 S '" Depth· 0, , ~441 72S_8 610431.4 7'11 4.6 S '.7 

"'" 48174 373O'J747 n, J 1.7 
To .. l 4S599 31&7~1S6.1 

"' deJ:f"" of h •• dorn. s.s Sum of JoqUOf .... MS - \1 .. " "'".., ... _ F (.",tIQ. P . prnb.b,lrty. ,-, 0.001 

" P:>OOS 
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, 

• J 5 

F1g.~ ·UI. R.!uo eus mortal .!}' lOde:>. for t~ lingle ~.nabll') I,Ikd In 1m, gro ... 1h and m<lfQhl)' 

modrl; la) nq,th. (b) mIt of SflII"'"llng. (e) LdllaJ \1:1T1po:rllurc to.- (gg5 
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4.3.3. SC'n,irh-]ty aftal)'lb, urnl mottality Ind~. 

Area of spIIwning was the primary dClcnninam of 1i"".1 mortality (Table 4.3), With die 

WAS havin, the maximum effecl on larval mortality. followed by CABo... EAR .. and £ABo.- (Fig 

4.9.). Depth. O",c of spawn"', and Year of simuJlIlJon had • Ins marked. bu. sull s,gn,focam. elf.", 

on the larval monahly (Tobie 4.3), With the maximum mortality """"'Ired wnh larv~. thaI develop 

from IIgP from Im:cmber In March (Fig. 4.%) in Vem 6 10 8 (fig 4.~). (\. J.. and e. wen: ,u 

slgmficom vanabln. but explained ItSS than 5% of the nrian<:c Olf the model. The Y.ar' Oale and 

o..IC· Arc. fill, level of ,nlenltllOl\S explained lUI Impo.wu pan of the vonane. (Table 4. 31, while 

Arro., Deplh n.,e. v ... , a ..... t .... 'nr."""i ...... Ii ....... in Tahlc 4' cnli<>::livcly u"b,nbi 7f10"!. "rrh~ 

vanll/lCC of the model, wid! on tITQt term of only 17.O'Y. (Table 4.3). V1SI.I&J ciUlmlll31Joo of rile 

resIduals of larval moruluy inde. ","""led a II<>n1I&I diSlnbuliOIl. 

Table 4.3. GcnerallmclJ modcl oppIied to the output oflhe I!f<Iwth IU>d rmnahty IBM (mode1 4) for 
dependent "ari~ble l.uval rnortaiJly intka 

, , 
Si~,I~ .'.rlab .. 
,~ , 1019292.3 2s.tS23 0 2B76 7 , 

" 
~" 

, 642280.3 1284S6.0 14501 , 26 
,= , 1124(,.t71.1 J14S12Jl 42120 6 , 

'" ~ .. , ImB.6 91~16.8 1032 0 S " , , 46744 0 1\686.0 131 9 , 
" " 

, nl136 014056.8 497.) , 
" • , 475053.9 2175126.9 26814 , 
" Hnl i .. d ..r hUtt •• n ... 

y...,..o. ... W 2377014.1 II~SO.l 1341.1 S " D"",o A"", " \46!Im 9 97U) I I IOS 0 , ,. 
Eno. 48J74 4211 0399 SII.S! ". 
,~, 48599 25160980.1 

«fR ~ of freedom. SS - Sutn or "Iwn<. MS - Mean .q ....... F- f ... ,.hO. P - probabiloly. s _ P< 0 001. 
i'lS·P~O,a, 
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£ JO 

• t 20 • • • 10 • , 
.l 0 

EABin EAlloff CASofT WAa 

A~. 

b - " ~ • - 30 • • 1 II 

,3' 20 
• " t • • 10 • , , 

03 0 , .. '''' M" "', No- D« 

l)a~e of )p .... nlnll 

- " " • 30 
• II , 
~ 20 

" " t • , " • , , 
• 0 " , , 6 , 

VUrof f im"II,lon 

FiEIIU U . RatIo w,-u IDIlfIIldy index for 1M S!naJc , .. !abies IIX\I in tM ,"",'m and mortalily 

modol (model 4); I') AIQ, (b) DepIh, (t) nile of sp.ownlll& II1d id) Y tar of $U1I~l.uon 
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~.J.4. S. •• i, h'ic,. • • • 1)'110: T''''portlIOCUil (optimal GL\I) 

Area (0( spa ......... ) was !he primary deIo::rmin&n. of Lnllllpm suceca (Tlb'" 4.") ...... 111 die 

WAS Mlal the: ""'" 'rnpor1aIIl Ifca for soo:cssfill transporI. followed by CABo.: EABo. and EABo. 
IF;' 4 lOa, Dau: of ,.,. ... "nina. Year of _'--. Depdl and e.. bad less m.kcd, but 01111 

.... 'flCall' dfecu .... 1hc: _pari SUICCCSS (Tabk 44 ). Mnimwn IrIolISporI ""ccnl ..... ~cd for 

eiP IPI,,-ned from October 10 Da:cuobu (,,~Ib • pair. in N""nnba. FI, "lOb) III Year 7 (Fia 

~ IOc) MIlIt....race (Fia ;4 HId) .. ·otb. hap ,e<i5l"_ .... low lCtuptlanarcc (thrnbold < 11 °e, F" 
" Ilk). Tho I""'lh factor l..,d tQ'nJlUilhR thfesboId for eus lit .... o:rc "pulicanl puamclert, hili 

~m<d less !han S~ of tho VUWlC'e of the model. Tho y .. ' Daie and D&tc° Depcb flJ'll Ie"'" of 

mlcnctIOu uplalDCd an "'1'Uf.lII' ~ oflhc: vanatICC: (Table" .4). CoIlewvely. Area. Dale. YCQ. 

DepIlIlJId Be.m !he ,nin.::UOU ~ed III TabIe ·U apWncd S66~ oftb<: ~lIlan<:c of the model, 

,,-nh. ~lIu'dy 101gb m'Of ICnD of)2.9% (Table " 4) Due: ,o1lM: IarJc en"" Of II ... upI ,m.! modd I 

... 1H>puma1 model ..... used. ~nl"'ly Ibc 1"'1110 variables thai npllirKd mDK 1/IaJo 2'10 "rllK 

modc:l and Add, ... o«ond k>..,1 o(,lIIn":lion ( __ I .... 4 .2 4) 

T . blc 4.4. ae""",llinear model ftx Ipploed 10 tho OUlpul of the , ....... 'h and "",""hly lIi M (model 4) 
for the: dependcn. vanabk 1I!ItSpO!1 1~ 

Si",10 ".rlobl< 
y~ • 2515480 b4laHI 29H 3 , SO 
D_ , J01HO,0 6071 4 0 HI4I S " - , 125241 3 2411471 II0000l , no 
".,. , 91OM.9 ·mus '"'' s " , • 106111 '"'' on • s "' •• 

, <I •• I> nnl 1110 , 
"' • , 695190 341S9S IS9H , :: 

fi ..... 1f.,. 1 ofin ........ " . 
.,. .... Do. .. " 1912S0 1 9S62 S m. , .. 
o.t< ' DepdI " 1!9612S U96, J 7UI S " ,." 48)7. JOS46l~ 1 !U n. , 
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10 , 

10 " " " " • • • • 
" 

, , , 
& • • • 0 • • • 0 • " • 

EABin EABofr CADoIT WAS " - ~ "" ' d> ,,~ "" No> "'" An. O:ue or spa"'"nina 
, d 

;, -" ~ " '- n _ 9720 0 
- 16200 -• II.! ... _ O.047} ~ ~ 10 10 

• • • • 
i 

, 
11 " 

, 
• & 

• • • 0 • 0 

~ 
, 

• , 6 7 • ~ ~" 2S-jO SO·7~ 

Y9' Ilepl. (m) 

- , ., " -£ -00]1 

" 10 
" • • 
! 

, 
• • • 0 .' <11 < 12 < I] -
l.elhMllemlltralUrf ror la .... ·.e (OC ) 

nK"rt 4.11. Jt.IIO of IUteCllllful """'X (tnnSJIM ""':a.ll 10 released ego r ... the om&Io v..abI"" 

II$Cd '" Ibr &f'O"'IlI _no;! mortIIJ,1) mo<ld (.) Area.. (b) [)a~ 1'1 YUI. (e) 0epIb and Ie) Lelt.1 

ItmpnalU~ I'c:Ir Ian..., 
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.u.s. ~D~ltl 'h~ analy~ls : Transport 'UCCf'U (. ub..oI,th".1 G U I) 

Th'6 6Ub-opumal tnOdc:l ~hOIO cd the SlIme pallt'ITI IS the P:f''IOU5 modd. Ilowf"c:r add,ng 1M 

~ond te,~ls or tnlerach ... Year'Oale ' A,,,,, and Dalt ' Arn'Oepth r\pllmrd 144·" and 63% of 

the '2n~ rrsp«n,-dy (Table 4.S). Coll«tl,·rly. Am. Dal(. Yrar. [)qllll.nd 9l and ~ rlrSl and 

~ond k'~l of mtenM:uon.\ hsted ,n Tahir 4 S t\plllllled Q Iulal of 76.~ of llle- 'anlll1Cc of the 

model. ",III a lower model CI'TOf" of II 8% cTable 4.S) 

Tab~ 4.5. SutKJpumal Gencnlilonar mo&:l 1IppI>ed 10 lhe Outpul of the jp"O\\1h.nd mon.aluy IBM 
(IllOIkJ 4) for the rkprndn.t ,-arublt tnonsporl 'l.ICcess 

(.~ ... r~1 LiMar MllClrI ", SS us , , £..,.;",11 ... ,.;",.,... '''J 
Inlrfcrpl , 1813b017 181Jo(ll 7 23122011 
Sinllr n.i.bI~ 

Yca. • 1"$480 ();I~870 "" .. , ' .0 

"'. • 30)$70.0 b07140 n401> S " - l 7252~L) 2417~7 1 ""'" , S 22.6 

""'" 
, 91111'" 9 45S32.5 58050 S " • , (>95100 )415<) $ 44316 S " Fi." lr" rI of ;nl " -:o<I;"n 

ye ... ·Dal~ " 191250 I 9562..5 1219 1 S " Dale'()q>Ih '" 159612 , lSQ612 2034 9 S ••• 
S. . .. d~ Ir,'rI .. r Inl • ••• I I .. n 
Yc~.·(}a~·"',,,, '" 4(.0088 1 "'" , 'In!> , '" 0..,,,' ... ",,'[kptb '" 201517.2 6717.2 85b,~ , '.l 

'm" 48158 177%14 " '" '00 

.U . I>ISCl 'SSIO'l: 

n.e dTtc'\ <If Itmprrllttn nn llIe: mona!!l)" and J'O",II <If aIKIIovy egg and I.,.. .. M' d..,ng 

IRnSp(IrI frum the sp'''nmg ground. Qn Agulha~ Bank 10 lhe nlner)' II'C'II on the W61 eoasl "" 

studied U$I"lI an lnd" IdUilllNtsed modehn" II'I'"*h By 'lotymg blolnK1C31 pIr2n1eU'I'S such IS lhe 

lethal tcmpenu." IhRsllotd fot' cggs Ind I ... -ar Ind the gr!h\1h Fae-lor" "cll as the $pIlU)'IC'n11(n1 

kiahon of~ I*Ilclc rekased. 1\ "as possible In runune tht Impurlaoce oOflto.es.. paBmC'let$ MIM 

monahty or cp$ and I.-.-x and the SUbK-q1M'll1 transporl WCcfSII of lan'x 1'bert " an apjWenl 

contradJcuoOn In ,he rtliuh" llle- CondlllOl'lS tn.t r.,w ~ tnnSJl(l1 ,ucc:~ nflar'-K. ,,,,,h a$ Area of 

till re!~ (W A8) and SpIi"nlng O:lIe ((Xtob\!'r). a.e tile: ~me parame1ers t~l 'nctn§e 1M lanK 

m()n~II1Y indc;\ Th,s I! bec1Iusc lhrr~ I. I spauo-l~111pO'"31 tomponcrM 1.>SOC13:ed "nh lanai $111'\ I '1111 

thai IS relaled 10 processes thaI cllaraclem:l' llle I~lure of lhe ,,"at..- column. "-ggs rel..:ased In 

11M: wrface I.yen; 1<2Sm) or the WAll are rapIdly mtnspmlcd In the "UI5n)' arc,," whl'.-e thl.' 100w 

lcmpenlu .. n I5soclatt:d "'lIh the """elling cenlers are lethal lOr lhem. Ir contrast. If ellllS are 

released 10<1 <kcp in the" 11et' cnlumn (>50 mi. transport 10 llle I1I.lnCry:lrC"> '5 S)DW. prrvcntlnilihat 



Univ
ers

ity
of 

Cap
e Tow

n

the on success 62 

encounter uD'wel.led water on west coast. H()wc~ve:r, water tenllpc:ralturc~s at 

to enough to and show a eggs. As a 

more susceJ:ltible to 

in 

and temlpot'aJ cClmJ)Oncmts 

appear to therefore <>lIr.nnl"t 

enIlanlced trall1Sp,ort success results a conlbirlati<)O 

spawnmR; grOIUDd to nursery area, 

area (ternperat1.lre-depenclent szrO'wthl). and tav(lrab,le te:mplemt1.m~s 

a 

in agrleen:lent tenlpemtlJre prClt1lc~s n'h~PnJ".rI on 

and are cha,mcterized 

between beN/een 1 

pa1ttern is a pefliodlC vanatIons rn~tw'een summer stmtific:ati<)O 

resistance to 

nursery 

as 

are 

(Lutjerlarnls et 

in summer 

theJrm(J~liIle is erolOed create a mixed wate:r columm (IJu~ieruamls et 

nh.!ll'!nJlo;n PlitteJ:n is retlectc~d 

to 

on success 

tmrlspclI1: to TIII1"l::PT'V area on the west coast. 

Growth-mortality IBM ouq,uts sho'wed trall1Sp'ort success ael>en,d 

pri:malrily on spawning Area par:amc:ter, area aSS,OCllate~d 

at trrulsPOrt success. 

can be eXJllai1!1ed pattenls e,rident in 

WAB a wate:rs in a 

in summer, 

to et waters are 

et a 

in centers 

m011ality is 

(LUltjetlarnlS et water is 

wate:r at eggs 

m in is 

data an(~h(IVY are 

Moser 

IBM expc:riments 

density (1 
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m()deled pOlPulabon, in a context a 

to car.: 

to oceano.gra),hlC teatures 
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IN 

5.1. INTRODUCTION 

Part of anc:hmrv is assc)cialted with west coast. The nursery area of the west 

coast of South Africa is characterized an intense ot11sho.re Ekman drift and 

summer. Insltabillitiles can lead to the de'li'elo1pmlent of filaments ca~lablle of trallSPC)rtiIlg shelf 

waters hundreds of kilometers oftshclre, reSilitirlg in of biota to olil!!otr,ophic olceanic areas 

An(:ho'rv eggs spa'WDe:<i on the J'\.gWIl:ilS Bank are tr8llSP10rtC:d to the west (Hutchings et 

coast 

off 

the current that accelerates west coast and passes active uD1jvellin2 centers 

Town and 

COlli1l11bine, the 

Columt,ine tJ. u· ........ and Hultcrungs et North of 

current develolPs three cODlpOl!lenlts: olttshore, atonlil-Shore and insllore 

AccOJWtg to the studies of Hewitt and Methot larval is 

prclbalbly res]poDlsible for reduced survival of northern anc:hmrv Jj,'nfl1'aults mordax. Offshore tr8l!lSp'ort 

in the Bel!lgu.ela of the season with the spa:wning 

nflllnctIOV'v) may carry eggs and larvae out of the lloy~,U;;;llll. Flllrt1:terrnore, winds dilute food 

patc:hes thrloug:h turbulent within water column nh!l,p'",g~tt off California 

de(:rellSirlg the encounter rate with food particlles. Ph,'sical 

tr8lllSpOirt of pre-re(:rui,ts out of the spa,wning/nurse!r:y area is con,sidc~red tel be a cause of 

Shannon et because the swrotmding waters are Mlic3l11v 

unfavorable for survival alth,oui!h actual may be due to and starvation and 

Valdes et 

Dre'VI011S efforts to understand cause of the mOirtality are rocusc:d on process 

such as oceanclgr2Lphlic trarulport and retention mechanisms 

has stressed that fish larvae inh:abiting the upper ocean Bakun in coastal 

offihore 

onshore 

could take 

ad'll'anta2e of this onshore COIlnpC)nallt olf utlwellinl2 circulation to minimize ottisho:re tran!lport losses 

UD,"'elllin~ regilons would tend to be away from favored coastal habitat 

directed Ekman offshore of near surface water is ballanl~ed 

at vertical 

be 

1988: v PI'h""/P. et because such organi!sms are requm:d to 

favorable habitat within some 

ROl11ghgarden et 

of time after drittlIllg in the currents (Jack!;on and 

The ofa such 

as vertical mii:ratilon, could the:refore Drctvicie valuable information regarding traniSPOirt of 

spawnmg products to the nursery area, and on recruitment success, 

An addlitioinal que:st1(m that should be addressed concerns the current hypiOthlesis regiifding the 

life Anl",hn,fV in the southam Ben~:uela ::I)'lloL ... IU. It is gerlerluly accleptc~d that the west COalSt 

is the at least the nursar:y area of an(~hovv - and of 
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products from the spa1wni11g 

recrultmc~nt. Recent studies 

from the W AB to the Central 

et It 

on the W AB to the nursery area will result in enhanced 

h01Ne1/er. indicated a shift in the ~a,1IVningareaofanchm'v 

and Eastern AlSlumiilS Bank since the mid 1990' s der 

also be noted that recruitment the 1999 to 200 I 

has been ex(:eptiolnally der et . Barlow et et in 

of the shift in spaiwning areas to l"'I!>"VIJ.l:> gellel1l11y considered to be Wlfavorable. An int1ere;stirlg 

paradc)x is apPiarelnt in this levels of recruitment that were 

detected 

JWle each 

the 2000/2001 recruit surveys the west and south coasts in 

were not reflected in the rell!ti'll'ely low densities observed the 

2000 ore,-recrult survey (COlldu()ted the west coast in March each 

sug;gests the presence of an alternative nursery area other than the west 

candidate the inshore areas of the EAB. 

The research preSeI1lted in this rhl'llr1tp.t' cOflSeCIUeltltly has two obiectives: to 

This observation 

the most Ob1/101lS 

the pot1ential 

benefits of vertical mil~tion beJ1aVIor in the context of the onshore-offshore circulation on the west 

coast area for the of larvae and to the nursery area, to the 

effects of vertical behavior on the retention of larvae and on both the west 

coast and the Eastern AIlIllll;ss Bank. 

S.2. METHODS 

In the pre'violllS clhaJl~ters, the combined effect of ispawning 10cl!tion, and the mtliuenlce of 

the egg bu()ywt1cy on trwnsport success were after of on the 

l4lU1NW, and mortalilty and larvae were inc:Oll)()1':ate,d. In this a new process SinlUII!ltrnlg 

vertical behavior of larvae 3 and to 3 on the west coast is 

incorpora,ted into the of the mM. Two COJnp~U'8tive altlSilys'es were perfor:med: 

The first was at ass1essing the pOltenltial effects of vertical behavior on the 

trwnsplOrt success of larvae and to the nursery areas, west coast, from 

eggs spa'wn€:d in Allwn;ilS 

The anailvsis f()cnsed on the effects of such behavior on the retl~ntion of larvae and 

ntU:T_lllrvl~P. in both the west coast and Eastern Bank nursery areas. 

S.2.1. M4)dE:lill.g the effect of vertical mi:grsltioiD 011 trslllslPOIrt success. 

To 

based models 

the influence of vertical behavior on tra!nsplOrt success, two indlividul!1 

were emIPlc,ye,d. namely a and an active model. The na!;s",e 

behavior model was llSed to the link between the vertical current structure associated 

with and the prulsi\re u'an!.port of larvae and to the of the west 

coast nursery area. In cOl1ltra:st, the active behavior model assessed the pOlteDitial of active 



Univ
ers

ity
of 

Cap
e Tow

n

larvae and DO!lt-ULrVlle to enhance the successful trallSport of these individuals 

to the of the west coast nursery area. Both models 5 and tracked 

movement of 1;>at1ticl,es r€~rl:Selltilli& eggs of ()ptimal SP~lW!led over 

Bank and the subseql1ent trarlSJXl1rt northwards to the areas of the west coast nursery 

mOl:lels included the effect of temlpe!'stuJre on mOltalilty and ,.,.~ .. _. eggs and 

larvae, In contrast with the inshore regilons the nursery area were tarl~ek,d 

as trallSPOrt success area because cOllsi!lterltly DR:-recruu surveys COildlllctc:d on the west coast 

der and Ino;;U\..!',"" have shown individuals occur closer inshore while 

smaller larvae occur further offi;hol'e, S\lgg~:stirlg an ofl:15holre-clnstlore pr(Jlgre:ssion. 

5.2.2. Mllldeling the effect of vertical mi:gr81tio,n on retention 

With to the 8rullysis of retention processes on west coast and the a sep~lfate 

7 studied the retention in the west model was run for each In"',lIlillv 8 

studied the pot1ential of the Eastern AIlIll11:a.s Bank as an alternative retcmtionlfnWrsel':'j area. The 

moc:iels tracked the movement eggs of ()ptiJmal n ..... "'tv 

spawn€~d over the Alluih:a.s Bank and the sutlSe<IUeJO,t b':allS]JOrt larvae and DOIIt-llll'Vlle 

northwards to the areas of the west coast nursery .!',UJ'WI1U, or eastwards to the inshOI~e areas of 

the EAB. The models included teIIlper'ature on the mOlrtality and of eggs and 

larvae. Both retention models incorpora,ted the vertical milP-al:ion behavior cornpcmellt to explore the 

this mechanis:1ll to enhance 

EAB nursery areas. 

retention and DOIlt-Ull'V~le on the west coast and 

5.2.3. constants and for tbe different 

The constants set for 5) and active behavior were the 

same as set for described in this and 

nwmber eggs the eggs, see 

In several the <5% variance for the variable 

success in the model and see were set as 

constants the IBMs lethal for eggs and and factor see 
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and 

process 

All particll:s re:presen1ting eggs were tracked until the age of 60 

Duration of simulation (SIlawnil1,g duration + Trackilli!! 

Number of particl.!::s was set to 5000 simulation. These particlc~~ 
were released over the SplilWllling duration 

The was set in the model to 1.025 

The tested in the model was the rehltionshlip 0: 
sph.eroid to 0.05:0.14 cm 

Lethal temperature for eggs The lethal terrlpClratlilfe i[a!) for eggs were set to <14"C 

Letha) temlpel'l1ture for larvae The lethal temperature for larvae were set to <12"C 

Factor The factol'nf ,I)'M,wth was set to I 

For nasliive and active behavior models, the pararn.ete.rs Area Vi:lJUC:tlJ, Date af 

ot- :.pawning (3 VCS1UI;;:tIj, and simulation Willi 

laUDlol1ed 3 were em,pl<:.yed Two additional pararnete:rs were inc1orpora,ted into t.I1= 

active bellaVlOr in active behavior of activ= 

Table 5.2 for deta,Hs). 

Area 
offi!hore \\~nJ::IOfIrJ, Eastern 

Date The dates of sPBIW11inJl: were set to 1 II I" No,vernbt;~r, 151 5-8 
De1cenllbe:r, I"I and lit March 

Year Years 4-8 from PLUME IPenven_ were used in the IBM 5-8 

were released at 3 25-50 and 50-75 5-8 
and distributed 
range 

in the active behavior The initiation of active behavil)r sub:seqlJent to hatl~hirlg was set 8* 
at 4, and 10 

ofactive behavior Preferred larval is fIXed after the start of active hehavi<)r, 6-8 
and is set to 5, 4.V,'tV,'OO,i)IJ and 100m 

use a 'tt as a constant 
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10 In COIlltral;t, the 

areas 

gerlera,ted 6 x 5 x 3 x 6 x 3 = 

randornly relc:aSf:d on the 

spa.wning d1.ltatioln constant 

new eggs ent:ered 5. 

area: retention 68 

reslulte:d in 6 x 5 x 3 x 

active bel1avlor 

same paramete:rs that corlstrllim:d 

in the 

nre'~Ol~~~~lmcmtsnoSI~l1fi<;am 

paramc~ter was set to dittenent 

oflshclre) nursery area evaluated 

a 

simlulations, a popl.1lati~Jn 

retention mClde.ls 

eggs was 

egg 

over 

Once the mociels were initialized 

eggs was rel€:asc:d simuLlta:nee.uslly in 

the pw:'am.eteJfs set sImulatIon, a popiulaltion 

areas on 

5. sInlUhitioin was set up V' ..... UJl:!'i this }Ail llVU, 

to tenlperaflJre, traJrtSport success 

were mCIflItorfd at movements 

eggs were defined 

eggs were dq>endellt on 

In the de,relo>pm.ent 

~·plo:yed in 4 

constant thr,eshold 

The diffi;;ren'ce be:twelen 

the active bel,avloT cOInp'ommt. In 

was the 3-D veioci1ty 

In COIlttral;t, the active beh.avilJr (llnodel 

inco!rporated a preference the 

movements were regulated 3-D velOicltv 

the hy(1ro<lyn.amlc mlVUli;a, 

asslmling a constant egg density 1.025 

on the 2ro'wth schceme 

was a fiInctlCIfl o:ttemJ)enltw:e 

5, 

behtaviior m.odels is the inclJrplJrat:ion 

the movement 

theI'efore moviru! as La~~lg12m 

retention mOliels (mlJdels 7 8) 

hab::hirlg that was realized 

active 

acti'velv maIntained a 

In the horizolntal mov~ents were reg:u1ated 2-D hon.z0I11:a1 
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5.2.5. Rellponse variables: trainslPGI1: success, and and retention 

In both the and behavior tnullSport UIUUCll:i, the pril:nat'Y response val'iable was 

trallSPOrt success, defined as the ratio of the number of larvae that satiisfic~ the for tralnsp,ort 

success at the ood of the to the number of eggs released Note that traIllSPOrt 

was considered to be whoo the larvae reached the "inshore of the nursery area 

The active model two other response variables, egg 

mOI:1:a1ity and was as the proporltion ollrel~laSc:CI eggs that 

died as a result the relative to the number of eggs rell=as,ed" 

the latter was defmed as the number of larvae that died due to the effect to 

the number of §:urv'ivilrtll eggs to te1l1tperatuJre three response were 

used as the deJjICnclen1t varial)les in the sutlsecluelnt statistical analyses. 

In the retention models 7 and 8) the "'"'M"'''' response variable was the 

dCJjeDcloot variablle "Iretenti()n"., defmed as the number of larvae and with active beiJavioI 

that were retlilined in the spf:cified area than 10 relative to the total number of eggs 

released. 

5.2.6. A'\I'erI1l2eld tlraolsp1ortacross-shore In the nursery area 

Across-shore 

hydlrodynamic model 

in the nursery area was from the of the 

west 

were cor:npulted 

C,L,'U1YJlJJJ. Time series 

three transects 

for each model year 

across-sD,ore trallSPI[)rt, intf~gra,ted over the first 10 I'D 

100 km from and panlilel to the coastline of the 

In the of variability of the 

trallSport over the first 10m to monitor the and the volume of wate! 

per second associated to Ekman Transects from the northern to the southern of 

the nursery were named transects and Were selected te 

rCJj,resoot the associated with the up'we.llin:g cooters of the west coast. 
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N\l"'~ry ... ~. 

T ......... ' • • ,,', 

Sp--. ar". 

\2' 14' 16' 220 

Longitnde 

flgllr .. 5. 1. \bp of the study areJ. shoWlnll tf1ln~b iNur!. Nu.2. '.;urJj whac aero<;j.w.,,,: 

1nn"f'lll1 "-:I. cSllmllm "The k>Cluor" of the: WAS (Wr~tem Agulha~ fhnk). CAI\" , Kentral 

Agulhas &nk off...."..,). EABIo (Eastern Agulhas S:lnk Insl>i..-el and 1:A 1J,,~ (Ea'reT'll Aaulh;h &n" 

"rr_hofc) ~I"''''n,"g g'fJUIIds. and the: INrsrT)' a,ea are $ho:>wn 

S.2.7. Comparing model OllillUIIIII1c kI obsc ... ·. ,iuo. 

"The iI.:I"., behavl.:w modd witS run foc 100 days foc a "'" of ,..,Iceltd panmelera. a •• n 

f.amrle Iy.,ar 6 In 0<:1.:.bcr), III comp.arf w"h lhe age cLassr.. thai cornspllfllll" ,he: nllm31td 

lenat'" ,~cd tn rorr·recru '!li da'a. "The 'ge dlStribullOM Ida),) of Ian .... and poSl·13rvae In the 

"1:<1 coa" nUI>CI)' area tIblall1~ from 1M model output " "en- tr2nSIQmlCd '0 lenglh (em) u>lnll the 

ajIQI1\>II "fTh<»11as (1986); 

/""Klh /) /l1"OOJ97 as<' (S JI 

l'he>c model dua "'tre then COll1parrd 10 f ... ld eitunal.." of the J,Zt tLa.s distnhu!1Un "f larv:!.e and 

p<»1·~ae llunll the WeSt C~!.l Thesr hdd data " .... ., c"lIected dunng SC'<'cn.1 annual pu-recnllt 

(l.""R and posl·lal''3c up 10 ) nlooths oldl1lUr\q'5 conducttd U&lnjl; II Methot frame IJ3wl dunn~ 

M:rn:h "f all yt"ll"" bt1" """ 198J and 2000. ""Ih the hccpllOfl uf 199J (''lin ikr LlnllCl1 and Mericle. 

1995; 1m) The field d<tlll v.trc d,,1drd 11lW SIt<' clbso.s dejined a, ·'.nu.JI~st" «.20 mn. M.andanl 

lmi;th, SL I, ·'small"' (20·34 mm 5l). MmcdJumM (35·50 mm 51.) and "Iarac" (50 111m SLI !'f.,. 
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recruitS, rile Sll~ cilSsn C()f'RSpondlnl to IF lnu:l'vab of <3\ tklys. J I ro 54 days, >S4 ro 8\ da)1 

. l1li >81 day. rtsJlC~!1"cly, 

~.J. ItESULTS 

~.J,l. Thllf ;>erl ... uf afrun .. shor~ rUlulIOTI on OW "'.M cua~1 

.... crou-sborc lnIn,pori (lnkJil1lU,'" ov~ the lir.;t 10 m depth) .ppetll to Irltl'flk ",:h 

I.IlIUde. dWKtmud by offshore InmSport In tile northern pm of rhe nursery IIKI nnd UIl.§bo~ 

nnspon further iOUth (F, .. 5.2) TranS«'! Nw-I shows !he stro~est ofTshore Ir'ltn.spon. Intenslry" .• 

from D«anber to Februity In all the simulared yean (Fig, ~.211 In o;(InlTaJlr, rnn!ICC:" Nur2 ard 

Nur3 gcncnUy d,splay Cft$h!n tran,.xJl1 wIth bnoer penod~ of offshore rnmpor1 (FIll. 5.20 and c) 

Tnnxc1 Nur2 shov.s .. tntmSlli..,.11OIl of (lfTshorf mm-erncnl dunng ,"" peroods SeplembeT I<) 

No'ember In "ear". Februiry 10 Apnl tn Years S and 8, and J3IIuary·March In Yell'll 6 and 7 (I:,. 

5.2.0) TIWISfCI NurJ ~s I ~nem clwxtenz.ed by I wcakrnl~ of Inshore: lranspon dunnH II-< 

pmCld March ,0 June. ,,',Ib tilt pc:akorofTstoorc tnmport on Mly(FIJI,. 3.21;). 

i 
i 

!." .. c----,~------_;--------_r--------1'" ... "'cr_j< 
i t' . , 
••. --",4--+t-~"---4J~" 

L~"" I" " I X j""JAnm.Jf'-.rJI8Il!C.I f1MIll JUCIIOJ ~JMQlG,lI'I**JJI.SONO 

Fllur .. ~.2. Atross-$hcn Ill!lISPJil (_ lit m',") e$l.U'IIlted from I'LUME OUtput III the: wc.l roast 

nursery am along tranSC'C1S Ca, Nurl. (b) Nur2 and Ce) N~J I~ F'll. S. I for detwli of jl(ISlhOfl I>f 

rnnse.."Uj. 
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Tr:lnspon SlICe" .. 10 1M insh«e nurscy In:a was. on a'.....,g". vl:I)' low (O.6% \ "'llh • 

lTUI.~unum IJ'IIn'lp<ll'lI~.lhan 2%. "'hen compared 10 !he fig~ obtained for the Inshore and ofl~ 

llU1"SCT)' areal COOlbuIl'd (I'.....,gc of 12''/0 and a maximUm lraIlsport of 32%; ChapkT 3 mo.:kl I ). 

,'"ar ,,·u!hI.- pnmlry dc1rnmnlnl of!rllnsporl ,ucc"ss, wilh Yur 7 msplaYIn!!!he mllMst lc~iJ of 

tr"IInsporl llJCCl'Q (Fill. S.3al. Area, Dcp!h of 'pawnlnll and Oal" of spa" 'mlll! also had Slgnlficanl 

effeclS 011 IIVISpon il>1:~cSIi (Tlbl" S.3). Ma~Imum transpon Rll:CesI .. -as usoclllied "'llh ~ 

spawlII'd on lhe WAH (Fi,. S.)b) In surflKll' and sul>-liUI'fXC" waLlT5 (FI,. S.le) Ln OcLobtt (Fl' 5 3d) 

Yearo l):!L". Ne'J ° Dcplh, Ycar"Dc:plh and [)alcoMa fi~ lev'" mL~oru; cllpiaLMd a JlgnlfiC":1I 

C<lmportl'fll of lho: vanance. wlul" other I11lerKUOIIS of In$ llT1pQ1'tlt11C" ....., hsltd In Table 5.3. ArC'll, 

Dill'. Year and 1~lh o.nd the >11lcr&ehOO holed In Tabk 5.) collccl,,'dy cxpwned 57..40/. of 1M 

,'Inane" orlhe mlXkl. ",Ih II.rF~ I<ml ofl.<! 6"10 (Tabk S.31. 

• b - , , 
. ~ • - 216 . ;1 • '" · - I0Il.., ' OOM 5 'f ' ..... ~ IU)I 

g ! " ., , ~ . , 
ii ., • ~) ., • · , • • • 0 • . = 0 • • i 0 .. 
~. ~ - ""'" ,..,.,.. CABOff w"" , < , , • 

y ",.f or si11luhul(ln An. 
, d 

'li ~ 1 
_ ... 1 

I"' ,~ , • • )60 . ,. 
f! i L~ IOII ... _ OQ!O U" MOl ... . o.t)71 , . 
• • · ~ , ij ~ h " • • •• , . , . 

0 .U " !--= ~-
(l.!S 2~Yl 0;0..15 J. ,~ ,- '" "" "" 

Iltopfh (m) 0", 

.'gutt 5..3. Rano of I1l1lsporl SUlX'ess In lhe Imhorc pan of 1M nUfSCTy .n:. of llw "'est "oasl 

SUCC""" IS I!Wt"11 by the n\llllbcr of IIU'VaC to relcll$ed "'111$ fOf lhe s'"Slc .... l1Ibl« uled Lh the iMUI\-C 

heha,~Of model (model $J. (a) Year ofumuJallon, (b) Aru.lc) lkplh and (d) DlIe_ 
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C/!q*r f .11_"( ,., >'nfit;<II., ...... 0(.",,""" it 1M "._'7_IN: J...,.lkttlk>",: r", NI~ ... kHt " 
T.b~ 5.3. GaomJ linear modol applied 1<1 pa$lIw~ bebaVJOl mOOc:l \lU!pul for lbI: ~ndror vambU 

r!'1n5J>O!l SUCctsf .. !he 'MOOre ."'. (<n<>dcl 5). 

(;<, ... "'1 LI_. ,,_ !l. <S '" F F fi!l.IIlu.tJ ,.",u.",~ (OI,l .... .,. ~" lU • .1'.6 
Si"l ... wiob .. ,- • "" , 16.' m , 

'" ... , 121.1 , .. ~, , ., - , 2.U ." 88' , " """' 
, '88' '" 10)S S " f""onI ... · .. .,lnt .... _ 

,,--,0- " , ... " '" , 
" Dale·A .... U un " " , 
" Y_'Ocplh , IH1 19,2 '" 

, 
" A .... ·[)epIh • 1630 11.2 ~. , 
" ,- - ,. H .6 , 

S.J.,l. ~n.lli. ·k)· u..ly~1I of r"~ u .h't btb ... ior""".-I (mo<kl '): I::n mon.ll.y Indu 

Ckprb of "1'1"'''''''11 wu rbe primaly dtl<TmllWl! of elll monall!)' (Table S.4), \10l1li Iplwru ... 

""plhs bclW.cn SO-7S m TtSUlr01' 01 lill: ~'JlhOSl tl;l mo".lIlon IF'i 5 4a). Dale of spo\lOrunll was 

lhe second mos. j'Jlniflc .. r facror. "'lib rbt ~'lIhesr mortIIJlll~'~ in ~'" tpaw!lfd 01 Octobo:f 

IF'Il. 54b) Year and Area .1 .... had 1,lt'"rlCanl dfec:1S. bill did nor cApI"n mutb of !be IMdcI 

YIlIiaJlCe crablc 54). NeIther Depth of atUVe beh ... ...., (lioJ nor L'II of 'CliVe bfhavlO' (t.) had • 

,i~dfk ... " dT~ot •• "d neither puarnc~' urla_d ." impo".'" p<opQ<tion of "'~ .. ."""",, TI>c 

Dalc'Depth ImenrCIiOll explained clOK 10 26~, of lhe varilllCC IT,ble S 4) In oombmaloon. Otprh. 

Dale and the ttlr.<llct,OIl [)n.rc·Orplb upJatotd • IOIal of ".10" of Ibr VllIa.lCe in lbe model. w,th In 

rrmr I....., of II .1'1-'. (Tabl. 5 4) 

T.bl~ 5.~. Ga,~.al linnr model atrphcd 10 aClive bebaVIO< ",0&1 for Ib~ dq:>endenl .. ,iabk ~U 
monaIJl'I In"". ImodtI6). 

5O ....... ""bIf 
y- • 149)94~ )7J.86 .... S " 0- , IU0S288 )7616j S 610!6.J S Iii ,- , 1<19719 2.9916 .. " S OS ..... , 51.nl7.l 29216916 5110n 6 , 

'" ~ 
, 

" " " '" " '. • ., n " " " AnI ~-. • • f 1 ... '"" ....... 
o.,,-Dqoth " oI086-4l6.J oIQ8&oll 6 1)28.7 S '" - lllS9 179)1529 '" ILl 
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.~ " > •• ,. .. " " , , 
• " I " , 
" • = • " • " ().ll ~~.~Q 'IPS ,- hb M. <k' ,. <k, 

~plh (m) Oalt 

t1&urt 5.4. ~till of til monahty inda fOf the lingle ,..ubln UKd In W ~l\"t bc:hanor model 

I model 6): (a) o.,l'th and (M Date. 

~.J.4. Stn~lt"' lty analy.b of t be ad" to bf.h.,';or model (model Ii): Lan-allilU/utll) IlIdn 

Arn of 'P1wmni "liS the most unponant '-.mbk drumuruns the: IrI'JIUhty ofu., Ian.., 

(r.hle 5.51. La1'\1o" romUlg from "as- splwned In the: WAD dLsplayal the ruJhc$l k,el 001(\'1.1 

mortal,tles. followed by CABM. EAB,., and EABoor. "'h= roorulny nn ~UnI ~Tnl 'I'fI"Tl1Di 

.nd rtmI'tmalt;rounds (F'I 5.SI) .... 1"111 mortWty sho",ed I d,5IlIlC1lfrnd rdltl\'e I() 1M depI, 

~d~ttd dkr tile onset of KIl~ bchl.V'lor (1\).I..anllt moruolO1y rcmllnfti rdatlvely CQflsuom be,,,, co:, 

6, of j Ind 40 m 'about SO,." but this Inqrawd .s brvx selected dqJth.s <k~ lhan 4(l m, th: 

rtla.\1mum mortality .pprOlumately 36% obKnl!d when Ian:.e Klttled dC')lths of 100 m (Fig !l.Sb, 

l C { ..... In the acuve bfhl.,orJ, Ikp!h. nUt. Y~aJl '*'. lIgruf,",,1 effect on larval momll1y. bill 

rxpla,ned II:S!I than 5·~ of the 'lIN1lCe 0( the- model No mtcrKlloo apllllned :> 5·~ of 1M m(l(Id 

'-anan« (fable 5.S). 1'110: ~ombtncd effnelS of AmI. &... t •• Ikpth. flale. Year explamed a 10lal of 

59,9"" of the van.,,« or tIw: model. ""th an nTOr term of 19,0"1. (Table 5.5). 

TlbI~ 5.S. ~llJnear modd Ipplled 10 die I<;II\'C bduoVLOI" model output for the dependent van~blc 
1an .. 1 morIIhly IndeX (modc16) 

SI",1r ' "ariablo ,- , 9:83817 24596.9 "D , " n", , 16/\5-11 0 JJJ09 4 411 .0 , U ... , d IMll.' lIiOHOJ.7 19$13,l S HI 

""" 
, S561l 278(1.6 '" 

, 
" • S 2\1.11940.2 5883880 7261.1 S '" 

" 
, 20636J.' 5 ' S90.8 636.6 S " &0- 32 159 211058888 8 '" 190 

T_' 32399 t)72(l286,S 

df- <kgra:. 01 f .... <Iom, SS - Sum of<qu ...... M.\" ~ 1'01 .... "lu ...... f f.'IIIO. 1' - probabwly .... P <::O ,WI " - 1' > 00' 
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-• !... 40 • 
• • 
" .5 )0 

n·~IOIl 

"" ... ·0.1 
r 

:5 '0 
~ - -
I " , n J:l , 
~ 0 

"",.., EABo" C""'" WAB 

Aru 

~40 • 
• • - 1100 • 
] 30 .w ... ·OI2 .. 
i 20 

E " • , 
~ 0 , 

" " " " 100 

~p'h ",leered",,,, hleh rml 

fleuR 5.5. RallO of 1a ..... a! rnootaIlly ,ndox rOO' lhe "'''lIle .... ntble1 ulled on dM: Kllve b<hlv.o. mocIel 

rrnode16): (a\ AIle. ond (b) Dqllh selecl~d ofler halch 

U.s. So" li l;'-;!) anarllio of Ih act;". ~b,,''''r mock! (.....tel 'I: Tn.,,"," ucun 

Tnomporl IiU(ceu to Ihc inshon: oUJ'S('ry am was. on '''«a&t'. 4 N willi. IJ\Ulmum 

nmporl of 143'. ",hen coosidmng 1M 'JIlIOOre IlUI'!iCry an:. ,,"'" of ......... ,,'11& " ... !he IIlO5I 

Impon ... .....,>blc influencll1& the lranspon SIitC¢$1 of Lor ... ,,", 10 Ibt IIUlIon: none!)" om (Tobie 5.6). 

""th .... IfM"-ned on the: WAH being llIe rooll sucunfully lnIuponed. folJo,,-e.:I by ~ Jp"wned 

on !he CAlion EW spawned on tho EABoor and EAB,. .. = Ihe leasl Alttnsful In Ie"'" of 

nnspof1 m lhoe iQII~ ."'"' ar 11M: ..... IIt 1:01.51 IlUriery .us (Fil- 5 6a). T"",.pon succe .. of Ibe 

Iarv .. 'us _ Influenced by the depth RIeCll"d .fI.tf O~ of act,,,,, S'o'",mm;n& (Table 5.6), the 

10051 bt..,lk,ar be.nl a [)q>lh of ocuve b</uovlOr (&..I of 40m (aboo! ')"/. of the lorvac "'.'" 

_sstWly uansponed; ~1a. 's.6b). For VallO" of &.. 1arter and s ..... l1er lhan 40 m. transport SUCCU1 

""'" .... td.. partic~I .. ly in C&IoeS .. ·hen larva .. 1«1td depIhs dOKI '0 ,he J~ffac~ [F'i S.~). 

0:" •. Deplk of tU reluJe. l., of ICt;", behavlOI (IJ and Year 1wl1liJllf..:ant ~1Te<lll on lr&nSport 

_cess. bu.l upls'ncd len than S% or\lla ...... .r)Ce orllle mo6el The A,n·~ interactIon e~plained 

,. s% "rthe model ...nonce (T"'I~ S 6) . ... laIe the oombll,a'lOn of A,,~a. 6" I ... Del'lh, [)ote and Year 
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·1Id !h. Inleraclion h~ed in Table 5.6 cxplained 110lIl1 of S6.2O,. or !h. vurilllCC of Ihe model. wi!h 

an error lonn of 14.8'/. (Tobie S 6). 

T a ble 5..6. Opliltllli gcocral h ... ar model wllh second levd of Interaction. applied 10 !he aclive 
bc:ha,·!ot model oUlput for !he dcper.dem ~orioble lralt!pon .\lccess (msllor.) (model 6). 

51 "11< vorllbl. 
,~ , llJUO 2Ml.:5 ll!O.' , •. , 
"'" 

, "'"" .• 10016.8 636.0 , 
" ,,- , 1~90.2 l!!S6J(1 .1 22580 7 , J2J 

"". , 39J6S.1 11'61l.7 12491 , ,~ 

~ 
, 2J00449 9 '~.O 1'1144 , 

" 
" 

, 16IIOU 4225~ 268.] ., ., 
!'I,,, 1.· ... 1 of Inl. ""'t IoD 
......... &,. " -101873.) 26791.6 1701 I ., 122 

"", J I 0(\6 ~89~U~ In I •. ~ 

To" 12199 130591i-~ ., 

df~ deB'""'" offr<alom. SS - Sum of "I,,",e .. MS - M"", squarn. F .. f-nu,u. P - probabilily. S .. P < 0.001. 
NS -P> O.05 

"' .. 

, 
, 
• 

Depth selected aner hllcb (m) 

Fi~urt 5.6. Transpon SIlCC ... 10 lhe iMhor. pan oI"lhc n~""'1)' area. SlICe", ... ginn by Ih. ratio of 

the number of IlIf\u 10 Ibe n~m~ of released eggl for lhe "ngle vanablCS" used In ,he I>Cli~. 

behavior model (model 6) (a) Are. and (b) Depth ",leered dlCr har.:h 

5.J.6. Son. I,lvh y .n~ly.1s or 'h~ a.t1,·~ r01enlion mod~1 for Ih ..... , <01" n~',.. ry a • .., (In,hore 

. "d omhQr~) 

On a'..,lIgc. 5 S·" oflhc 1.,.".<: We'" rellU'ICd In !he wesl COO" nuncl)' Olea with a maximum 

retenl10n (17.50/0) aS5Qd.,ed lQ l~rvM coming from ens spawned In W AB. 11w: II(:li"" retention 

model applied 10 Ih. nursery area showed the same patlCrru !IS !he II(:U'-" Iron'pon model. wilh.Area 

Qf spawning hcing lbe most important , .. nabl. delCnnining lhe rClcnllon Qf lar.-ae In the n",,,,1)' .rea 

(Tobie S.7) , Lan-ae ,pawned on Ihe WAB ""<"re!he moal 'IICc<I$lfld In ItTmS ofbdng ,elained ,n lhe 

w~" 000" nllJ5<'r)' at ... Fol!owed by CABor!. Vel)' few of !he lar. .. e spawMd Dn Ih. EAI3 .. ~nd 
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EAII"" we'" 5l1C«$Sfully retamed (F'I- 5.7.) The dqnh .. lccu,,;! .fie, ,lit OIlS<'! of l'C,h,t bo:hlvior 

was ,he .. coDd rn<$1 Slglll rocalll variable c~plalnlng lacvol r<:,cnhon success. (Table 5,7). wah those 

l,,-vl( Mso<:iol<"<I,o 40 m depth (Fig S,7b) be'ng mosl suC«'SSfuJ. Dale. [kplh of egg released .nd 

Year had. Slgruficant efree' on lbe relenl'on. bu, explained less than SY. of ,Ite variance of the 

IlIOd<I The Ami ' 6t nfl' k'vd interac,ion and Y e ..... O'..,. "'re. secoDd level of inleraclion c~pl.i""d 

> S% or,he modo:l v,vuonu rr.bk 5.7), Tilt eombll""ion of AmI.~. t" Depth. Dale .nd Year and 

,be inlcraellOI\i lilted 111 Table 5,7 cxpl."",d • toW of 68 I". of ,he var,ance of ,he model, with lUI 

enOl' ICnTJ of 10,4',. (Table 5.7) 

T.hlr 5.7. Oplimal general linear model wi,h second 1"",1 of In,cracUon applied to ,be act,.,." 
It:lCllhon model OU'PUI on ,he "'os' e<>a>' nUr5CJY area for 'he drrcndtnt -.anablc mention (m<xlcl 7J-

Slngl ••• ,I.bl. ,., • 1111,5 213.2.8 17,7 , 
" ~ 

, 7'OUS 1589,9 ~, , .. 
". ; )26184' IGS72S.I 68(6) , 

'" ""'" 
, 4730,9 1l6s.4 1410 , M 

• , 700178.~ 144»5,6 881.3 , " flrSll .. ,tI ofln .... <tI ... 
A,.. "6,. " 12~B2.9 son .• ",.. , 1l,6 
SKond 1 •• '., or 1.' .... lIon 
Yer"DlI<" Are>! ~ 74310.1 Ins..'! m , .. - '" 10,4 , 

, 
l - ,~ l " • " ! " • -r r " • • 
~ 

• _ J! I 
, 

• • • - , • • • 
EABln ~"'" ""'" ,~ , M ~ • • , . 

,., 00pI _ _ ,'" .n ..... 'cb\ .. j 

B gur. 5.1. Ralio 01 ,he numt>cr oflarvlC relalllc-d ,n Ihe nursery area II> Ike number 01 eggli relcased 

for the ''''8''' vmableluscd In 'be ICllve "'lenuon model for the WC$1 cons' (ml>dd 7): (a) Are. and 

fb) Dc;nh sclct:lcd . n ... bolch. 
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S.J.7. S .... !>il h·il~ aDal~ ";. o lth. aCli ... .... eDt .... ntOO~ ol ille ~:'\R (in~r. aad o lfs lK>rt ) 

The kUI"C rcknllOn modd applied 10 the: !:AS ara ~~ed lhal. on IU:fllSt. 011))/2.8"/. of 

1110: 1;m1lt "'ere' rclalnro on 1M EAB (lIWKn Ind ofT"hon:) Il>c: valUC' I~ ~~. than thaI ob$en·ed 011 

lhe WCSI COIiI modd (5,8";.). 1\ dlfT=nt panem 10 tNt or the .. -est COiISI nur~ _/'Q .... s .IKi 

obsmotd. Although Am of spa"llmg was again the: mo!il Impor1llnl IlI.nabl~ dClcrmmms the 

rcltnllOn of Mn'ae ()'.cr !he cAB (Table 58), lar>-lIC <pa .... ned on the EAR (both EIIB" and EAfloo,) 

... = the 1TI051 IIIICcnsfull)/ rcllullCd. The ma.~lmum value of ~tcnllOn "111 assO<:IQled 10 larvae 

tomtrli from cills 'P'!"llcd In U S .. (83~ •. ~ Ig. 5.83) Negligible numbcn; oflir-lle s pawned on lhe 

CAs., ... and WA D .. crc rct.;n,..ro in the £AB Tl."81011 (Fig 5 8a) The \kplh al wh'~h eUI wert 

.dn~ al$O uplalocd I $Igmlic:ml propOrtion of the vunancc of the modd ITnblc 5.8) .. ,th mo.t or 

the ~U«Ci.fuLl)/ t'(ta lnro larwe orl~nallng from CBgs released belwecn 0 10 2S m. 11115 result dlfTcn 

from lh11t of the wcst coaSI modcfwh<,-e. Ihe m<>!Ot5Ucc:cssful relrase drpth WlU 40 m (P'l! , 5.~b), rh 

ocpth ~clecttd dIe. onSCt of SWimming RCImly (lit) .. ·as also an ,mporlllni paramel.or. ,,"h IIf\U 

lhnl !iCICC1~d dCJllhl of about Sm beln8 11K: most hkdy 10 be retamed (118. 5.8<;) The IIra·Depth 

and Area· 1i.. r~t level IMlmlCIIOIIlt e~plal,..ro '" 5'", of the l--arianoe. the otbcr Irnporta!>! mICraCh0l15 

= hSled rable S.8. Area, Ikpth. ~ Dale, Year and the mteracllon lI,ted m Table S.8 n.pl:unc:d 1 

IOtal 0'64.7"" or !he vnnar.c:<: of the: !I'IOde1. With In m-or 1~m1 of 12.0'! ... r rable S .8). 

T l hlt S.M. Oplnn;ll gcncnl linear modd "1th ~ 1e>'C1 of 'nl"13Cl100 apphcd to the: ICII'"<: 
retent"," IT1(>dc,I oulput 0'"<:1" !he c AS fOf dcprndcrJt ,"r",ble ",lImlion (modd 8) 

Go ....... 1 Un ... Mood el 'f .- Ill' r , upllll.ftI ... ,iu"" ("J 

,.""" , ~'NOJ.8 ~'N[)3 II 671>6.1 

SII"I. urilblo 
Yo. , 

"" '"" '" , OJ 
~, , n~.l J 774 7 "'" , 

" ,~ , 69761 .$ Hl.SU JIBS 0 , 19.7 - , 32292 ~ 1614.2 ,u11.1 , 
" , , 18)81.$ .11>76 ~ .~B , ,., 

~l .. t In" prin''''''''Io" 
"""o~ • S~ )97,7 _J 1241 S , '" "'''''0li" " 281646 18176 In .2 , .. 
s..,ond 1,,'01 ol lm."C'li<ln 
YnroDat.·Ar .. ." 21208 0 )~B 48.4 , ' .0 

""" 5810 ~ 2~ tgQ " 12.0 
TOIOI .no 15383).1 

'" 
degr.,., of rreedom . .>S Sum Or5qu .... , AI~ - M .. n "'I1Wt'S. f" {-,jtn'. I' prob:&b,hly. $ P < O.O(l!. 

.\$ I"'OO~ 
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• 
'" - . - 1610 

" • tId<IT _ D01 • -• < • • 
• , • 
i • , , 
• 0 

EASla £ABOfT CAOOff WAU 

An. 

, 
'" - 0 - 2160 

" ~ • "d 'IT - 0.06 

• 
~ • 
• , • 
• , , 
• 0 

'" 25_50 50_75 

Depth (m) 

, 
" . - IOW -" ~ • .,den - OOS 

• 
~ • 
• , 
.~ 
• , 
t • 0 , 20 '" '" SO '00 

l>eplll selected .n .. haldl 1m) 

Fi):ure 5.8. Rouo of the number of I. """, "'IalOed o\'er !he EAR (0 !he number of relcll!led eggs for 

lilt ~",gle '"anablos used ,n !he "'[,V/: "!enlian model f", EAB (model 8): lal Area, (b) Depth of 

eggs n:leak<! IlIId Ie) Depth selected oflcr halCh. 
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5.3.1. "'n~ •• -o.iaol~ •• al~'.iI' dblrlb'llo. of prf-.«nil.l. I~~ n.rHry • • u 

The W5lnbullQll of borvae lrvj posI'!IUYlI •• Iona Ih" 'W051 <:DISI du;pl.ys • c~".'lm,!oc 

pallml thaI tw been ,dentified dUJlOg $CVCfa1 of lhe pre.recnm 1i"""Y' ~ond\IC!cd from 1983.2000 

("nil !1Ie exception of 19093. ''all der Lng"" .rod Merkl •. 19981 The ,i:e dl.llribwion of anchovy pre. 

recruUI coll..:ted M!1Ii a MClIto! fmme fJlwl durm, the March pre.,ecru;! 'Ul'"C)'S Ind!cated tha! lh< 

5111111'11 fi5h (<20 mm staodord lenglh. SL) occurred offlt.o. •• 100001he ed., of the contmentaJ shelf, 

~en"nJly rcachlng their h,ghest ooocQllrahons In Ihe IOUlbcm tegtOftS of lbe west c ...... Small pre­

rtCnms (2t).).1 mm SL) " .... found across-shore, and C~Im.led offsbore of the conunmlal shdf. 

wllt«u th. med'W11 (l5·SO ItI"I\ SL) and boric (SO enm SL) ~ ,,= pimanly found 

,mhorc:. 'WIth !he highesl conccnll'lltlom of mcdi .... -s\Ud fllh lencnJly located sowh of H~hp 

Say .nd !he Iarg ... ind, ...... 1.1 aroWld Larnbm's Say ( .... 0 der Lin&en and Medtlc. 199:8) ThIs 

pollCnl .. dealy ,Uusuated by !he data collecled wnn& 2000 (sec F,g 59). The iliouibuuon of 

Ia .... e .,,11 poJt.l.n .. , (~g 10 tbc IIZeI d_ of!hol prC-fo;nll!J 'Ul"fysl duI1ng II'IInspon 

from 5pI .. 1I .... 10 nUQay a~. !hal wao Senenlled by !hoIIB"h " 11J\.\f1J.,ed III Figur. !! 10. Th~ 

')mllbuon ..... nan fOf 100 days (Yeor 6 in OcrobeJ-) 10 COIlIp"'" ",Ih Ihe I&" clUles Ihll COITespond 

to !hoi .. mnated lena'" obse,....,.;lln pre-recru,ts doll (<31 day •• 31 10 S4 days. >S4 10 81 d.ys 100 

>81 day. ~jpccu"ely .>:<:ordlOllln Ig~m, dofle by Thomas. 1986), The Ilmulauon .howed wIln 

th~ fir.1\ 20 dlIy, m<)ll of Ihe sma ll .. 1 r .. h «31 days, Fig. S lOa).ore 'SSQCIlled "'jib ,he Jet <urrCOI. 

"'~CQ f.DIn 30 da)l$lhcrc i, lome lnrupDfl oflhil age d •. ,. JUSI "ff.bore of the nursery ~ (Fi .. 

S lOb) The firJl onshore IrJmpon III the 0IIl"Uf)' If ... is observed from 40 days for Ihe SlN\IIesI ruh 

and smoll pre"""""!! (31 to S~ da)'J. Fi .. SlOe). which It cNw",<d Ii'om day ~O .. ',m some 

"..m",ard II'IIIt$POt1 cl .. III the cout If,&- 5 IOd) Al cloys 6O.nd 10, .. off5hore trlOIpon af 

Indlvtd ... 1s of tbo mai, .... sIZe/age duo (>S4 to 81 days IIId) .. -as 'PIIlI'ml tfi .. S 10e Ind f) 

BCI"'fffI W.nd 9Oda)'1-.' new Ulputof "'divd ...... (small and mwllnt c....",. .. defined ,n Hellon 

525) to llle ,MIt"", pan oflbc IIUlKI)' _ \I obsem:d ""'th some DOftIn>..td lnnsport ofmed,UrlI 

!1Ud rlSh to Ibe nlQCf}' areo .• nd .n IIn:.borc In .... port al the It-vd IIf the ,., cumn' IfQ (F,g. 5 10K 

and h) FinlJly. II 100 cIoys""* of the modulln.nd brV mdivuJ .... 1$ (> 81 "yl) arc nC> Ioni¢' in 

Ibe domain. .. "11110 _ JrlII!kst and JIlIaIl "..,.""''''ill are ,ull prescnl !II lbe: jel turrenl and "f/i.hore 

ofthc DWkt)' areo (fi .. 5.10i), TIl< model rnullll are CQnilcqu""tiy ,n good a&'temenl with r .. ,d 

diu. " "th the except'on of the fIt.! lh;o, !he: model indlClles that lorge pre'recru,t, are lo$l 10 the 

Jyslem. • clearly """"hstic mull, Thll cooid be txpllmed by the slronge. SWlm,mBa .b,li" ... of 

1.'11. pre·recruits (,.f. their IlD"lOOtal posilion is no )""Ke, duomuno:<l purely by the amb,cm 

hydrooy""micJ),. fc.""" thai II nol _nlotl for the modd dalgn. 
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~1l.~ 5.9. o.stnbullM by d .... ofonchovy prc-rccnllls collected ... '"~. Mcthoi f"""" mlwl dunne 

M.-cll 2000 survey Dots .nd,caIe ~ potJ1.J"'" of (he Methot. _""'. rrom .. an <k1 l..mgen and 

Uuggell (1/1 pt"ess) 
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• 

\0 ]2 J. 16 II 20 Z2 1.4 

lA"Iltotci. ("C1 

"' i 

,. 

" 
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" 
" 
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• tlnot .. 10 d.,.. 

.' . • • 

.. " " " " " " " 
\ tI ..... 100 doy. 

\ 
. <)1 40)" 

•• . Jl ."'~" 

• . ,~~~.-y. 
'nIl 

..... .t, 
10 12 \ 4 16 18 20 22 2-4 

LoaaltlUk fC) 

RI ...... 5.10.., Modeled dI"" ibuhOl\ of anchovy Ian ... and pool-I ....... a nlllWl)' we- for • 100 dolly limuJ.l!iOfl, ~ed Imo four lie classes <ll day" 

betwern 11_S4. be!_ SS-SI and >81 .s.y. 
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the vertical behavior in the nUlrsel'" area: retention 83 

mo(ieliIlg ex:erclse dc::scribed in ch'lptc~r was to assess 

on trar:lspolrt to 

retcention in nursery area on west coast. In Dal;Sl\i'e ... u .... "'., eggs movements were velrtic:allv 

while were 

movements were 3-D current veloclltv 

"'V"''''/' In active VPr"h ... ~1 behalviclr 

at set hatching. Prior to eggs movements were de1tennirled 

vPTtu~j~1 current vpllnr.ltv 

to 

otJ:shl()re nursery area was 

aVf,raited tralrlSport was 

as Lai~arlgi~1Il runTil~I",c;: but sutilseclUeJt1t to 

were ca]:Iablle active.lv rrlOVlnil to a pre:terred 

avera2c~d tr:ans]Jort to 

with a maximum 

a max:imum tr~msp()rt 

msholre area 

a partilcles arrived paSl5ively to nursery rurea 

a nas:sive mecha.nislm not explain the distribution pat1:em the 

inshm'e area. active Detlavlor cOlnponc~nt 

into the ma,Xlrnwn to 

veI1ic:al current structure am Impolt1atlt in 

me(~haIlisnl1s (~;pec~ifilcally vertical 

swirnmilng cam sigrlific:amtJly elllhamice to the nursery area. In 

a 

on 

a 

most influenltial in terms success 

most tav'ora,ble spa.wning active 

m success, 

Area 

most infllueltltiaLI. or than m 

red.uce:d tram~;po:rt success. 

mOirta.litic~s in 

shallo'lVer tham 40 m to be ad"ected ott:;hOlre into unltav,orable areas (le~ldirlg to 

redllced trarlsP(J1ft SllCCC~SS) as a ne~lr-surf:ace water. 

therefore sUJ)port the may counteract 

process to nursery area. 

retlentlon in west coast nursery area gelrlerated "i.1'1"Iil~1" to 

ma:K:lmlum rete:nti()n was assc)cuLted eggs spa'WDc:d in W AB 
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that activellv sc~lec:ted a to be more in the nursery area for 

oeri.ods of > 10 It is to note that the time 

criterion for succ:essfW reltentilon 

rerr.lainmg in the nursery area for pellOW; 

considered to be when 

than 10 tended to the of 

suc:ce~lsftuly retained larvae. This is because water currents in the nursery area showed a latitud:inal 

tendeIlCY to move further from to north 

would to move northwards over and then advected offshore in the 

of transect Nurl COltlSe,que:ntl:y, unless larvae make use of an apt:,roJ)riate vertical 

mi!~ral:ion bellavior to counteract this effect (colllpl~:d with the of 

will not retained in the nursery area. A seoond.ary obi:eclive the m04jels 

des:cril)ed in this .. h ...... t'3T was to assess the po1tential of the BAD as a retention area for an,C'!hl'lvv larvae 

and DOlst-l,arvae. The active retention model for the EAD showed a maximum retention 

resulting when eggs were released inshore at the su.rfilCe and surface water 

sublsecluel!lt to the onset vertical beilavior. Comparativ,ely, the retention in BAD is a half of 

the retention in west coast the potentialilty of EAB as a retc:ntilollJ;nursery area. 

Coastal areas are cha:racterized a crOSS-IlnellI. vierticallly sltratlfie:d water flow 

that dirlectllv affects the horizontal movement of IP8l'1ticlles \ , ... lVlL111., Epifmio et 

Batche:lder et Circulation pattentS therefore larval tr8JtlSport 

patteIl1lS, which depend on how the vert'iclil diSitributi()n of is inte:raclting with the structure of 

the flow The results in this ... h .. ,nb'T SUJlport these and specitlcailly 

hYDC)thellis 3 which proposes that active vertical bellavior can counteract the 

off:shore 81:1vecti"e processes and increase the likelihood of suc,cesl;ful tr8JllSp,ort to the nursery area. 

How~(er, it that with to the model that was to the 

the response of the thermal Sltructure and current to intra-8J!lDual 

fluctuations has not resolved el averallc:d month:ly wind 

the in the tlIll:e-senc:s set is sml)otllled out. Howe'V'er. superficial 

frontal features within the southern Bel!lgu:ela reSJlOmlive to Ch811ges in Dhv!;ical 

local wind field and Hut:cbillgS, COlllSeque:ntl:y, the surface 

manifeSitation of the uP\iVell.ing front is spa.tially variable and respOllds .... niirllv to chslDgl:s in 

wind stress, winds 8J!ld onshore of 

reversal and In contrast, the front off the 

Peninsula appears to be a more eD(iur:ing le:iiLW"e:, ca):lablle of for than a year 

(Hl1tcllinl~s et In view of these the absence of wind relaxation in the 

hyclrocjynamic model does not account for the response of the front to local winds 

flUC:tuatiOlliS. This is a of the the that fronts 

an in the local of on the west coast pers, 

aware of this iimitatilon, the approac~h V8110tlS simulation 

Sce:narJlOS, it was po~;sible to test the bYipotl1es:is under COllitrollled conditions. 



Univ
ers

ity
Cap

e T
ow

n

One of the most intereslting results geIlerlllted the active behavior model was that the 

selection of an of 40 m after hatlCbulg favors maximwn tralllSpOrt success to the inshore 

nursery area on the west coast. The therefore appears to a trade-off between 

the effects water and mCIrtality due to low These results are 

COIlSis:teDlt Vlrith those of other field stndies and modeling atte:mpts that confirmed the relevance 

intc~ralctic,n between a vertical behiavilDr process and verticaLlly stratified currents on the traJl1SJllOrt to 

favorable areas v .............. et HelrmallUl, et Hare et Batchellder et 

In terms of oriented the disltnbuti()D the modeled age classes of 

anc:hmrv in the nursery area appears to be in agreeulent with the of 

the The three first age with 

the data. Ho'we,rer, in the model the indiviciuals CClIrc:spmd.ing to class were 

advected A could be that the swimndng abilities pre-

recruits allow to maintain themselves in the northern of the nursery area, a process that is 

not in the active behavior or retention models. The retention model for the west coast 

nursery area genlera.ted the same as did the active behavior model. This result is consistent 

with that of a the northern showed that 

particl1e5 released at 40 m had a much retention rate because below the 

offshclre··mclvulg Ekman in The of retained 

larvae in the retention model for the west coast nursery area was reduced when the criterion for 

su(:cessfilll retention 10 was This can be water movements in the 

Modeled currents in the nursery area showed a latitnditnal tenderlCY to increasingly move 

offshore from south to that mdlVl(1uals tt'ans:polled instlore are advected northward 

and then offshore at the latitnde of the transect Nur I. The active behavior cOlnp<)DeJllt inlCOJpOlrated 

into the (e:HbctiveIIY ccmfininlg individuals to a certain was usefilll in clwrifvina the 

vertical current sttuctnre in exp:lainling insl1lore traJ1SPIDrt, but did not the 

decreased retention over extended periods. The incoQ:lOnLti<lln of a proper diel vertical mllP'ation 

behavior and realistic of older to a bYclroclynamiic model 

that stores current velocities in a shorter time than PLUME (2 time 

prclvilile this as has been observed in other modeling atte:mp:ts 

may, in this case, 

1991; Hare et 

Batchelder et 

The cOlnp:aril;on of the EAB and west coast as retention areas showed that retention success 

onEAB of the total eggs rele:aseld) is half that of west coast In of replresc:nts a 

substarltial propol'1tion of the total On the .M.J(ll.llUl:l.1> cOIlnph~x circulation pattenlS 

appear where the Allull1:1lS current moves away from the coast el and 

and larvae may be entmined or dlS]plalced oitshclre, but countercurrents 

those eggs and larvae SPlilwrled in the to be reulinf:<i in the shallows areas of the 

Bank et the EAB seems to levels of lretf:ntion, 
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The results of the modeling eXc::rcilses described in this thesis will be discussed with 

reference to the objiecltivc,s that were set out in the ope~ni1ltg CI:lapter. The research set out to identilty 

and assess the iml)ort:anc:e of a nUlDbc~ 

their inte:racltions) that intlluerlce: 

factors em'iroIUD.ental and 1)10110g1cal, as well as 

the trarJlSpo:rt of 

the nursery area 

the advlecticln 

the 

of anchmrv from the spa1wnil1g gr'OUDids V'lgUJlnas 

onshore and offi;holre direcltions) 

of lmchmrv related to teIlDpe:rature 

the vertical mi!P'8tion behavior and its effect on the traJt1Sport and the retention of 

to 

the nursery area on the west coast, as well as on a poltenltial second 

nursery area on the Eastern A21WDias 

ultimillteJly the recruitment success 

In an to these obj:ective:s, IBMs were deslig1U~d and COtlPI€~ to the stored 

a 3·D hy(ir0<1ynamlc model of the varymtg a suite of paramleiel's, a 

series of values for traJtlSport success, mCllrtality indices and retention was 

gen,eralted, with random distribution of the SPStwoing produc:ts each area at the start of 

each simulation. The par'a11ltete:rs irllcolrpolrat€~ the models were the location and of 

spa,rnirJtg, bl10YSlllCY prOI)erties of the eggs, tem:per:atw'e-diepel!ldeillt and of both 

eggs and and active vertical behavior of the larvae. Sellsitiviltv arlah'ses were conducted to 

identily which par'a11letelr8 were the prilDaIY determinants of mCllrtaJlity eggs and 

success and retention in the various ex]perimlental simulations. ouq)uts of the models were then 

col1npared to field observations to assess the results. 

Before expiloring these and their im]plic:aticJns for our UDciel'llwldil1lg of 

the life of in the southem Beillguleia the methodo),ogi[cal 

constraints of the IBM this research are discuSsed 

emph13LSizing the limitations and fOfltninlg the basis recODlmendations for future 

research that are at the end of this ... hft,,,,t .. r (selcticlD 

6.1. METHODOLOGICAL rnll1Jc:!'T'D 

6.1.1. VAlliliit'll oftbe assum:pti1oos of tbe models 

HvdrcMivoaJmc model. In the of the hy(iroc:lynamic model are valid with the 

excceptiC)D of the potlcntial term wind events. The 10 years 

hy(iro(iynrunilc model of both the volume ave:ra,!ed kinetic energy I ~."~"'\ and volume avc~raJ~ed 

of the model iodlicated an eqluUlbrilJID reached the second year, which is 
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the asSllIDption the .,,,,,'n_,,,,,, 

realism the model its inter-annual 

the model 

_un/uny, the PLUME 

with short-term wind 

ae<:ur:ately ,,,.uUJ ....... U6 mesoscale g"t,v,!v 

The mtleNmnual .. ,,",J,,"VlU'J 

atb"ibulted to intrinsic me:SO!IC&:le 

main teaturle5 

Peninsula and off 

is COlllSl!;tellt earlier 

(Mlml(:he!~iello et Recent modelina 

atte~mJ)'ts have PLUME 

was COIlSl(llerably lower 'nr,n1"r,nr,At .. an mt,er-lrnDlnaI 

confidence on the O'p.r\p.rl~h.,.n 

the IUV'I.U;;U;;U ,..'V,",uo,,,_ the IBMs 

model with ...... ;;;.Ul~ Pp.lr1v .. ,n et al. 

nl<;:,r:rp.'l"IlIrlf'V between the PLUME and 

tenlJ)eJranltes than eXI,ected on the west coast \uvuLI ..... y 

summer, Rilr;hsLI'd!lon is COrlSlClere~ to be a 

is mcorpora,too the 

In addlltlOn, wind events appears to be a diS):lel'Sil.re process 

events" may 

vertical distribiUti'()DS 

encounter rates 

to decrea:se the 

increases 

In 

encounter rate of 

Stenevik et 

is a balance betweEm 

48 h, wind '"'v ....... "' .. 

In COJ1lSeClIUerlce, our assurnptic)n C()Dce:rnulg the the relation 

mOaelmg atte:rDJ)'ts lIlcorpolrating a ..... ,,, ... "' ... SCl1leIIle to assess 

of larvae. Re'tardling the dmUSl()D 

be 

effect on the 

mC,ludmg horizolltal ... UU.WlVU on of 14 VU14un; hat,::hil:lg l()CaltlOIlS sl10V~ea 
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that the effect of the was enJlW~e the areas identified runs, rather 

than new favorable areas and In consequence we have certain 

cOIlfidlenc;e that the exclusion in our model will not inc:orporate nmdamental 

errors in our model solution 

Spa,dal and tenlponl scales of the spa,wnllnR process. We a of the 

IBM assum:ptil::ms related to the and teIlllpclral scales the sps,wning process. The selection 

to the number of particlles clDnsidered the the model solution and the 

cornptltational constraints. In this 5000 partlclles was a reaJlomlble number to 

reqlllirelmerlts and to replresent the process and me<:haIllism 

Rel~arcling the scales of the spawrumg, lim~til1lg the spa,wnrng area anchmrv to the 

AIlUlhas Bank in the model is based on several field observations of aDlch(IVV concentration 

anc:hmrv SI)aVlmit:lg season in the southern over the Bank summer, with the 

(AImstrol1g et al. 

The subdivi:sion of the Sp81WUlg 

on the egg disltribiJtions rc~Olt1ed van der 

cUfirently used Marine Coastal and Manal~emlent vu", .. ". 

B8.lranl~e et 

studied Huggc~tt et al. 

J.jn..uOWI was based 

and cOlrre~;ponds to the divisions 

SU),tatliUl':y of these areas was 

who mappc~ the trans):lOrt success of lPar1t.1clles rc~lea,sed on the whole 

sulxl.i1~dl~ into areas. The Huggc:tt et al. showed 

that the variabi.lity of traJnsport success within the 4 areas was sut,statnti:ally less than the 

variability among the areas indica1fulg the sWltabi,lity of the areas selected. 

at eggs were the expeOlneIllts were on 

oh!;enrations indica1fulg that l'lnc:hmlV eggs are in the upper 50 m of the water 

collmm (Shc:lton and Hutl:hin:gs, larvae tend to be distributed in the' upper 75 m lMlltoS 

and Coombs Moser and Pomeranz The rangeofsDawnin2 

was in accordance with field o~;enrati:ons indicating that spawn between 

October and HU1tchings et The duration 60 

deltincd in the models to the mean estimated time until and 

when larvae is 20-35 mm and the are 

",,...,,,nv well In future studies older 2 month will an 

apJ)roJ)riate bilolcigiCai scheme for swilmming. 

Bl4llolPClll1 scbemes. Se'"eI1al desc:riplive resewrches have the iml,or1tanc;e buoyanc;;y of 

T1IP" • ..,.,r fish eggs (Coiomlt>s et Tanaka and 'V'UA:.wUl, 

Few im'estigatioltlS have been oriented to understailld the processes COIltrolliIllg the vertical 

distribution due to AQlancWlvlk et The 

most relevatnt modelmg studies 

have been the ones of SwndtlY 

the effect of bu()yancy on 

and Stenevik et 

vertical distribution of eggs 
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sources .... Vl.1UJ.UU ... to 

on 

et 

an 

90 

stress is SUIDClentU 

ml:l!:mg C1011l11IlatC~S over ascenOlmR 

mlxlngisnotrl~mi.,a~," 

an 

as 

to ternlper'ature 

P"llT'P1"11T1P1"It<:! is 

8 

mt,emiitic=s on 

aa()pt~:Q a 

is an 

curve to 

not as 1 "''''''''L'''' 
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a process as diel vertical milgratio:n, but the 8pJlrollCh does assess the imJlortanc:e of vertical current 

structure, hence the potential biene·fits of active vertical Sw.i1mnillig biehaviOlr. 

TrllDSDDlrt success. A critical in this concerns the validit~ of the three traJ1SPOrt 

The first cCllteri:on \"'l-'l-'lA",'''' to models success criteria that were in the mtlOCIS 

1 to and second (apiPllc:il to that indivic1uals re:actling the nursery area 

than 14 are traJlSP4lrte:d S11CCC~ssfUll~f) were results of Badenborst and 

These authors demonstrated that anchO\rv (cOITeSJlOnCling to 

an age of 14 acc()rdUlg to Brownell. 

than 7 mm caudal 

may avoid a net the 

the inlp,lyirlg that larvae size are caJlable but not 

larvae than 7 mm are to maintain thems,elvc~s within the nursery area and would be 

considc:red to be succ:essl\dly transpol1ed. The same is used for third of 

success 6 : active behavior ... v ...... "I' with the difference that the onset of active sWlimlninlg 

behavior of the larvae was not constrained to occur at a spe:cific age, but to the 

of each after hat(:hing. Tjhen~fol'e, this assllmlPti()D is 

sUP,pol!edly more realistic than that used for the Dre'vi01lS eJl(peril11len1ts. 

6.2. MODEL COMPARISONS AND INTEGRATION OF THE RESULTS 

6.2.1. From Lal~ralllgilln models to IBMs in(4)rpC)rating a bio.logilcal COllnp(melot 

The 1) oaslsive behavior u .... '''''''' S) mOClels were de!liglled to 

tnulSPOrt success to the nursery area a La~~lgblD IlIlprC)xirnatJion. The ainl was then to 

contrast these with those that incorp10ralred aildliticlnal biologlical "movement" cornp()neJnts, 

ng"'~vthe 2 active behavior The pot,eDtial 

inflUeJDce <1 .... ,,,.t'\1 on trwnsp,ort success was collSelquc~ntlly a!lses:seil a cornpariscm of 

the for active behavior to enhance success a 

c0l1nparlsC1n of models S 6. In terms of the these two cornp~lI'isons differed 

in that the success in tenns of both the inshore and 

offshore areas of the nursery W."'Wl'''', whereas the behavior considered 

the area for the of the success. Note that the COI!Dp:arillon of two is 

based on the of the for each the same 

noolber of deglrees of freedom in both IIlU\u:ali. of a new paJlUIletc~r to a is 

asslessc~il n:gwrdiIlg the variance cxt:I}aili1ed for this new paraml~er the re-Ilrrange:ment of 

variance for the previolllS p:aral!Det:ers. 

From L8I!~rallgislD to bnc)yaney modeL When indiviciuals were treated as paslslve particl4~s in the 

the were the " "I 1m AI"\! 

detlemlimmts of trwlSPOrt success ev()lution from the Lai~raJlghm to the 
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hO\ll,evf:r. egg of spa'wnilrlg as a sigrrlficlant para,meter 

exl)iainmlg traD!lport success, while the iml)Or1tanc~e of the Area of:spawning was reduced 

Parameter Model 1* Modell* Model 3* Model4* Model 5* Model 6* 

Area 
16.9 0.0 0.0 2.8 7.2 1.2 

Date 1.9 2.0 1.1 9.5 4.7 1.5 
Year 1.0 0.1 0.4 8.0 11.1 0.3 

19.9 17.5 C C c 
0.0 0.0 c C c 

0.3 C c 
0.2 C c 
2.2 C c 

8.2 

tL 0.5 
Sum of variance' 71.9 33.5 39.2 45.6 32.8 44.6 

Even when the bU()VWllCV scl1iemie was apl)lie:d for a short the egg 

egg eXI,laIlrled almost 18% of the variance 6. The buoyancc.y 

model idelltific~d an optimal value egg n .. n".ru (1.025 that maximized transplort success, and 

resulted in the most realistic vertical distribution of eggs when cOIlnpared with field data 

(She:lton and Hutc;hinl~s, Recent measurements at sea indicare that the average observed egg 

matches very well the optlm:U value in the van der L111gt::ltl, per. 

eggs were more to offshore advection. Drovid,ine: further 

evic1em:e for the importa.nce WADas the main center of l'lpa'wning (H1llg~:ett et 

results SUP1Port hyp,othc~ses 1 that out that bu()ywtlCY and larvae a 

these 

role in 

succesl'lful traIJtSPOlrt of individuals the sps,wning gro,urlCis to the nursery area, and in their 

OfflihoJre advection once trarlSpc>rte:d to or near the nursery grouncjls. This the relevance of 

par:arnc:rer, indicating that an of eggs and 

enhances the suc,ceSlsful trarllSPOrt to nursery area, with individuals posltiv'ely buclywnt 

advected as a result of unfavourable distribution. 

These finlrunlss raise inte:resltmg cOl1tSideratiolls on egg and 

Ao",,,,h, as an ada.ptn{e slratc~gy Variables such as the 

as the pare:ntal 

sUb:seqtlent larval 'iUAU'.1, and the role 

food conditic>n on the spa.wnulg grounliS sDswnin2 adults may influence parental 

will the size and eggs, and subl5eqluerltly the 
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is evidence for an increase in offspring with increasmlg age or repmdluctive eXI;>er:ience. 

and the condition of female anc:hmrv have been nos;iti,relv correlated with egg dimrnet,er and 

bU()ywncy I'D",.L-..... and et Marteinsdottir and SteiDaJrss()m, 

and and hence could have an on success wnd 

In of these examination of the succession of multiple batclhea 

a season has shown that the size of adult is related to the time 

of and that eggs decrease in size the end of the season 

Gordina et mMs the in this 

...... ""." ... t a tool to eXI)lolre these ideas further . 

From to active bebavior model. The overall success to the inshore area 

the behavior model was this value increased to aPI)roxinrlat,ely 

when the the maintenance of a after was 

added in the active model. In the where hatched laJrVae 

were as the and temJ)Orai spaVlimng paJrameu~rs 

and were of sinMlar innl)Qrtance. With the incl[)rpl[)rallOn of the active behavic)r 

the Area of remained as wn inn)Ol1tant par,amc~ter 

eX},lainil1lg tramjport success, the other wnd teml)Orai Spa'wWl!lg pllrallrleters bc~conling of 

Hii~hest levels of success recorded in tIlis were associated with laJrVae 

maintain:ing wn of 40 m after It is intlere:stir:11'ot to note that is the same as 

the 40 m to retention rates of sardine in the northern Bel!lguela 

identified the models of Stenevik et al. The authors that at this 

were located below the Ekman This has been SUJllp0l1ed 

datil that the of eggs and laJrVae of sardine is characterized the 

laJrVae 

(Stlenevik et 

closest JLWIltlUl'w, s11g8;esting that have drifted toward inshore areas 

Field datil of the on the west coast of South Africa 

showed a similar in that the of pf€He~cnlits over several years dislpla~fed a 

repeau:d trend of iincl'easing fish closer to the coast and lVJ.,"UI.J!o;;, 

This is the active bellavior iIIIl,lYling that a biolog:ical mechanism is 

opc~ting (pOliSiblly Vf'.I'TICIH mtigrlltion) t~lcil:itllting the inshore trarltsporrt of laJrVae. current 

field datil of the vertical 

ecl1loS()under traces is inconclusive der ....... J,s"",,,, 

on Methot net catches and 

is that the nalishre behavior 

model L~~raIlgisLD aJlPfC)aclh) cannot the disltribillticln of pre-rec:ruits on the west coast, 

and spc:cit'lcaJly the inshore distribution of the a behavioral 

cornp()nellt associated with the vertical the model expilaillS a SlgIutlc:ant pro:pol1ion 

of the mstlOre trarltSP(lirt and This result 3, which proposes that 

active vertical behavior could counteract the offshore advective process, prc:swrnaloly aV(ndllnl'ot the 
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thereblY irlcn~asing tr31tlSJ)lort success to nursery area as hYl,othes:ize:d D:reviou.sJ-rI 

Stemevick et 

not inc'orporated In 

effect 

rates 

The mo<leliIlg seem to 

west coast. H(IWf~ver. on 

relaxllti cm-lintcmsiil(:ati.on process 

Spa~Nllillg Pl~O(lllCts to nursery area. Future stu(iies COllsulermg 

on 

and on success 

was two 

a 

success in Area 

on WAB most 

in 

term 

iB 
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the prejfem:d after 

apl,eared to be of minor 

compari:sons sugl~est that the mOltalilty 

The time of active behavior 

importance in aCCt[)Unlting for larval These 

and larvae occur in different the 

life ••• ___ ." d,epcmding on the individual locations or nursery On the 

spawning gr()UIllds, egg is associated with the vertical dimension of paltlclle 

release while larval is ass4:>ciBlted with the horizontal distribution of par tic lie release. In the 

nursery area, on the other egg modality is more dqleDldeltlt on the the oriJ~inlll 

SJ)8lwning while larvae mo,rtaJlity is strclnglly associated with the veltlc:al dimension. 

Table 6.2. Inter between the eXI1,lailled 
panuneters considering egg and larval moltality 

the GLM for the 
de(Jenclent variable for 

models. The ... " indicates that the is not used and "c" that the pBl'8lXletc~r is 

Parameter 

Date 
Year 
A 

asa 

30.9 
12.1 
0.5 
0.6 
7.2 
0.0 

51.7 

36.5 
11.7 
0.9 
C 
C 
C 

0.0 
0.0 

49.6 

6.2.4. Optiimal biol.ogic:ai-I)bytlieal features and trade-offs 

Model 4 Model 6 

0.7 0.0 
2.6 1.2 
4.1 0.7 
0.2 c 
0.4 c 
1.9 c 

21.4 
1.5 

54.6 39.9 

The results of the have indlicl1.ted that there are a number of ph~,sical and biolog.ical 

features that maximize successful tral(lSJllort to the nursery area. 

OllitiDllal spa:wninl 0111"110 .... ,<1. The W AB appears to be the most favorable in tenns 

suc:celisfillly trarlSpt:>rtcd to the nursery area. result is consistent with 

field that indicate that ancbm/V spawn priltIl8.lrily over the W AB (Shleitcin and Hutching;s, 

Arlrns1roIlg et et Roel et Hul:chings et Other 

IBM studies have identified the W AB as the site successful trrunslllOrt (Mull(,n et 

HU,gge:tt et Howe'iler. the eastward in anc:ho\1V SI:laWlllng and Sub:seqllent 

SU<:ceiiiSftll recruitment that has been observed in recent years der ........ 5\;' .. et is not 

the IBMs presented in research. have re\realled the presence 

larvae and the south and east coasts of South 

BeclKley and Hev/itso!n, sUB:ge:stmlg the presence of suitable nursery groun(Ss in these 

areas. Howe~/er. the abundance p"~-re:cnlits is at least an order the ma:grnitu(ie low than on the west 
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coast (Hamplton, The corlcel,t of the EAB as a favorable spawning and nursery area is 

into account the constraint that the hyll1rodyJllIUloic model domain an 

eastern bOlmdary at while the EAB extends to apJ,rmtim,ately 29°E. 

Op'tim;aJ dcensity and the current tralDsport. One of the pattenlS that 

an optimal egg of 1.025 favored successful to the nursery area. Smaller and 

sutlstantililly reduced tnms):IOrt success. This may be eXJ,laiJned 

eggs advected oH~;hore, heavier eggs descel1ld into slower water currents resulting 

in reduced tralnsport success 6. 

Tr'ansplJrt success current 

6.1. HYipotJlleti;cal scheme of the relation between opt:imill.l rI"n,,,'h! and current traJrlS1)iort 

Inter-annual in the traJlsport of current was observed between Years 5 and 

8 Un the A from a flow to a and 

onshore flow did not result Un marked. Cltlanges Un the average annual success of particl1es 

released over the W AB. This indllca,tes that altblOU~:h northward moves substantial 

numbers towards the west a prc'porti(m of these are advected offshore. Ho'we1ver. 

when the is the associated increased onshore mealrlS that most 

of the to the west coast it into the nursery area. no field data are 

available to assess the of the the model appear to the main 

features the current. 
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Trade-off between the effect of h'D'RDi>ll"atllJri> on the """ .. ..talitv of anlehtltvY and transport success 

to the nursery area. The to success can be attributed to a 

effect tenns from the lethal of 

terrlpeJratu:res for eggs in the water column below 40 m 

o ~--~--------------------------------~ 

to 
current 

6.2. Hypothetiical scheme the trade-off between mOirtality of eggs released at different 

in the spa,wning area 8IId the traniSpo,rt 

If the eggs are spa'wnc~d too 

a nell'atnre effect on traJost=tor1:}, 

current to the nursery area. 

cold rec'entlly UiPwlelle:d water on the west coast. ...... ", ...... , ... this 

larvae that are more resistant to low ten:lpelratu.res 

An inte~sting para~dox that eml:rg~~d from the malysis of 

is that the cOD,dltiOns fav,oriI12 successful traniSpOirt 

md mOI1ality 

anchn\", larvae may contributte 

to the of the larvae. This is because there is a SPSltlo-telnpC)ral cOlnp()De:nt 8.l$so'cia'ted 
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modality that is related to the oce;an()gr~lphic processes the of the water 

column. Larvae on the W AB other conditions indicated in the such as 

Sp21wlled between October and in Year 7 at <= 2S are ....... ;nl!" 

tnulSp!i)rted to the nursery area a no~:ithle effect in terms of enhanced traJ!lSPiort), where low 

tenlpelraWlfeS associated with the up'lillelling centers can be lethal a neJil:ath,e in terms 

increased mortality; 

NUirs.~rv area 

Low 

Fadors affectiug 
trll:US]POlrt success up1welled water 

6.3. Hypothetiical scheme of factors deternaining the success and the trade-off 

between the larval aJtld the effect of the water in the nursery area. 

active behavior in the nursery area and the trade-off between current 

and Another feature that from the models was that larvae 

maintain:ing themselves at a of 40 m were the most successful in to the 

inshore section nursery area Larvae shallower or than 40 

m showed a decrease in traJtlSp,ort success in the ffiM. As mentioned a posisible e;!(plarulticln 

this feature is that there is a effect between direction of across-

shore of the current and tenlpe:rattlCe. up'we.llill:g events 

offishore cc)m)onent in the upper traJtlSport shows a 

asslDCi~lted with the Ekman 

the water column 

increased advective but this flow becomes 

progre:ssiv'ely more onsllore oricmtalted incre~ed traruiport succ:ess) as 

The lethal effect of tenl)lel~ature on the h01NC1,er. is characterized low mOirtality over 
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the 40 m, but this increases with inc:rea,si1llg The trade-off is thus favorable teITlpelratull"eS 

but unfavorable current flow in the surface as OPI)Os~:d to favorable current flow but 

lethal tem:perilltull"es in water. The optimlill of 40 m 

apperurs to be the at which these oPI,osmg effects tentlpe:ratUife-de:pelldent ITlor1tali'ty versus 

losses resultilng from offshore ad1/ec'tiOll) balance out to result in maximal traJtlSport success 

Success 
across-shore 

6.4. HYlPotJheti,cal scheme stlOWUU! "Il>ptim:ill trllrulPOrt success" and the tradeoff between 

Ekman traIlSPOlrt and mOltality of larvae due to cool teITlpelLatull"eS 

6.2.5. Retention on the west coast versus the EAB 

The retention model aplllie:d to the nursery rurea on the west coast identified the same 

iml)On:ant pru:am,eters as the active behavior but it should be em:phlllSi~~ed that the active 

behavior cornpcmellt eX)::IlaiJled enhanced retention for a criterion of 10 

eXI>erime:nts showed that a reduced number of individuals was retained when 

a Dos'terliori 

a criterion of 2(} 

This may be attributed to the current pattenls cliulflllctc:riz:ing the nursery rurea. The of 

the model in the nursery rurea dislola'ved an increasin,g te:nd1enc:y for otl!sho:re trans:port 

in the northem of the nursery rurea, and this was connpoluncied a northwrurd flow close 

irlShore tJhrlou~:h the nursery rurea. The result of this is that individuals that rure suc:ce~:sfilllly 

transported to the i1IlStlore the nursery rurea rure 

then rure prolgre;ssh'ely sutljected to inclreas.ing levels of oHiiho:re 

ofl~mo:re ruivelctioln in the northern of the nursery rurea. It is 

the instlore anc 
inclreas.ing the prolbabJility 0: 

that the ink:rlSity of the 
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incI'easced Ul,w~:lliIJIR and conseqllent offsillore traDiSpo>It is unrlealii~tic, because of the wind tnrt'ina 

used in the PLUME specifi,calily the lack wind In sUPlport 

une:xpc::ctedly low ar,e the wben C0l10p8red to hycirollogi,cal data 

l'PenvEm et The retention individuals in the nursery area is cOllSequl:l11tly alPp.lrellt 

in the model. vertical could pob~ntilillly faciilitare the 

mamrenance and OOIiit-12UV~Le in the nursery area the 

~JJUt:u ro EAD in a retained on the 

retained a sbort it is to assess results 

the EAD because of its proxinlity ro the easrem bolmdary domain. 

The west coast and EAD ...,,,,,rlpl,, difi:ered, hc)wever, in the optirnaJ that mW{imllzed 

rerention success. In the case this was 5 m, as OPI)()Sc:d to 40 m in the applied to 

the west coast nursery area. Althollgh both models are in the prclporticlD 

retslined, it is to esulblii~h if the 8% rerention on the EAB can the reclruitimellt a 

sigmtiiCaJrlt PJroportion of the pol,ullilticlD in the term, in view of the 

associared with the Bank as well as prooesses such as prc:datioJn, 

cannibalism and lower abundance C0l10p8red to the west coast. It can be spe:culate,d, hc)wever. 

that the EAD does in COJlltri,bulte to rc:cruittnent success but further studies a veItiCliU 

miluation scheme combined with a hyciro(iynamiic model with 

every 3 to 6 and wind are to determine to what exrent this does occur. 

6.2.6. SYIlIOPI;is 

With referenl~ to the objecti.ves at the bel1:iruJling chalpter and how the 

hYJ)()tllesc~s were or disl)rmred, the dislcussed above can summarized as follows: 

The trarlSpolrt 

the loca.tion 

anc:hmrv sl)aWnmlg pl:odl~Cts ro the nursery area is priInarily infiul~ncc:d 

egg the of the eggs (reipIbLted 

the inreraction between egg and ambient water and the direction and inte:nsilty 

of the current. The eggs and larvae a role in the 

suocesliful tr811lSport from the to the nursery area, and in their offishoJre 

advection once traJ1S~l)rtc:d ro or near the nursery groun~ls. 

their tr81tlSport in the and on arrilvilllR in the nursery area, the 

advection eggs and larvae inshore or offs:hol1e) is primaJrily regu1a.ted the 

strelllgth and direc:tion water 

vertical milgmtioJn) appear ro able to counteract this to a certain extent. 

In terms eggs were influenced the and of spawning. 

mOlrmii[ties were prirna.ri:ly attribl~tablle to untilvorable S1)a1Nnlllll locati'ons, 

coulpled to the likc:lih~Dod 

With to the retention 

and 

in both the west coast nursery area and on the 

of behavior the 
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maintained the 

retention. An ad<iliticlnal 

were the factors infllueI1CiIIg sllcce:ssftd, short-tenn 

an iml)or1:ant role 

in COIltrilbuting to retention success on the EAB. 

The ainled to link the ph)rsical and processes and the potlential 

on the recruitment success. their relative could not be 

quantified, it is clear that egg the and of 

the current, the effects of on 

mechanisms the larvae are the 

and retention of 

and mOlrtality and behavioral 

re81lllating successftd traI1iSPOirt 

The discussion been to 

and 

recruitment on data and analys~es 

the to link the processes to 

are not avaiilablle. Howe:ver, the imS:lliclltioltlS 

of these fiD(1in~$S for our un(ien;tarlmIIg the life and recruitment 

am::hmrv in the southern Belllgilleia are eXI)lolred in the next section. 

A CONCEPTUAL MODEL OF THE EARLY LIFE HISTORY AND 

RECRUITMENT ANCHOVY IN SOIUTJIEElN BENGUELA SYSTEM 

The research desertlled in this thesis identified several ph)rsicaI and biological mechfuUsms 

that appear to be lml)orttant for the tranSpOirt, mlomuity and retention the spawning produc:ts of 

southem BeJllgu.ela In the these new 

regarding the life of anc:ho,rv in southem BelllgtLela 

is revisit:ed. and several are pr<lipo:sed in 

the current hY1Pothes:is 

Hultchings et al. 

the spa:wning area is 

extended and processes added to this 

is the 

One element that is 

diffellent in of the Eastem Bank as a 

nurser:yISI)aVil'IliIJlg area. Dis,tinlct sJ)aw'ning, trlaIlSl)ort and nursery regions characterize the hYP,othesis 

of which assumes that most of the recruits to the west coast from the 

smttified W AB that the of the spawner season in 

November et Recent studies documented an 

eastwards in the location of both adults and egg densities on the Ag'UlhllS 

Bank et van dell et The connection between the spawning 

groiumis on the Bank and nurseJry area on the west coast, established the current, 

is the factor that determines whether or not are suc:ceslsfil:lly trllllSp4Jrte:d 

to the nurseJry area lFi,rure 

Based Oil the results the ffiM desicriloed in this it is prclpo:sed thai 

five difl'ere:1l1 fa,cto.rslS:lrocesses their int€:rac:t1011lS strongly influence the tralnspiOrt 

products arrivIIlg in and subiseq'lently 

these processes are: 

retained in the west coast nursery area II' 
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The of the spa1;Jlnillg produ(:ts (spaVlmiIltg gI'ouo,ds), 

bu()yancy of the eggs, 

current and its Int~;:Nmnual vaJ:iat)ililty 

The vertical cross- and alOng"Sfllore structure of the current associated with the nursery area on 

west coast influenced 

The swimnling abil:ities of the pre-recrUits in maiJntailrling a prejferrc~d 

and the horizontal 

The location of spa.wning on the ftglW:11lillS Bank appears to a role in 

deti;:nntinillg whether are advected offshore 

area and subiseqlueIltly traIlsp<>rte:d to the west coast 

lost to the systeIII), or moved to the current 

In this the W AB appears to be 

the most area, followed of the CAB. 

Both on the and traJrlSp,ort in the \,;WICU:t, the bu<)ywncy of the 

eggs detennines their on water UC::llsny. Because the current in 

terms of the and direction of is the the bu()vaJrlCV and 

concomitant of the eggs an iml)oI1tant role in trwnsp'ort success, with maximum 

trWIlSP'Ort success apparelltly associated with an egg of 1.025 When 

the northw'ard and sulliseqluelltly offshore is most of the particl1es CI:OSSiing the SARP 

Line are those with a of 1.025 . In contrast, when northward and ottl;hore current 

inshore tr811Sp'Drt, less-trWIlSPOrt dec:reiilses, or under conditions of moderate northward and 

dense - 1.023 reach the SARP Line. These results emph;ilsi,~e the imI)ortanc:e 

of the intc;:rac:tioln between buc.YaJrlcy and conditions in the trwllSP'Ort success in 

any year. 

Larvae and DOS:t-Ul.fViile that are of majntaining a of 40 m appear to be the most 

successful in tenns of to the inshore of the west coast nursery area. It would seem, 

the.refi)re, that active has the to increase 

chances suc:ce~;sfiJllly tr81lSp«lrte:d to the nursery area. 

The of the hy<lroejyt118lIlic model a northward current flow close to the coast, 

cotlpl(:d with a tenderlcy for offshore water movell1ent in the northern of the nursery area. The 

imJ)lic:atioln of this is that larvae and that have been to 

the irlShore 

of 40 

of the nursery area or active vertical miluation to the opl:iffiilll 

will be traIlSpclrk:d northwards and ultimat:ely ottlshore (p,osslibly 

becoming lost to the systenl) when reaichiIlg the northern of the nursery area. AlthOllgh it is 

offshore traIlSplDrt, it is possible that pre­

of de\relo1pm,ent (coincidellt with the sch:oollIl2 bellavllor) have develoloed 

unlikelly that vertical mi!p1ltion can counteract the 

recruits reacchulg this 

sufficient swimmting to the offshore flow and maintain therllSl;:lvles in 

the nursery area. Howe'iler. in view of the constraints iml)Osc~d on the of the hyclro(tynamlic 
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spee~ifically the in the rehLXat:ion in the wind tor<:ing further 

discussion of this would be 

this 

An ad,iition:al issue to consider in the leacling up to recruitment is that egg and larval 

and the factor.s/plroc1essles irltluencing it Two factors appear to be 

MOJrtality due to temlpeI'ature 

Offshore losses. 

the influenlce temlperature diffm both whether the SPllIWD:ing grc,uneB or 

nursery area are cOl1LSiderel:i) and tenns the of anc:h01{V). On the 

spa1111l1i11g glioWlds, tempefl!tun,-ioduCl:d egg mOJ1ali1ty is assclCia:ted with the vertlcal distribution of 

p8lticlle Hn"'i:~""'. wherelllS larval mClrtality is lllSsociated with the horizontal distribution In 

COllltralill, tc,ml)er;i\tuJre-indll1ced egg mCirtality in the nursery area is more on the of 

the orilginJlll SI)awnm,g. while larvae is with the vertical dinlension. 

SeclondJly, a factor to COl1LSldler is offi.hore are dep1endlent on the horizoltltal 

dimension (sp1aWnil1lg gJ!UUuu. Peninsula to ColUl1nbine, nursery and the lllSsociated 

processes current tr8l1SP10rt, onshore-offshore tr8l1lSpC.rt at 

Spflcifically, there is a between the of eggs and the associated 

and the due to ambient The anllilysls of the egg 

mo.rtality identiiied a trade-off between the of eggs released at in the 

spa:wning area, and the success to the nursery area On the other the 

and that the factors success are the 

s8lDe lllS those their A exists between the chances ofsuc:celssfi111 

larval trarlSPCirt current and the prolt>abillity of e:nc()unlterillg the patlmti:ally lethal effect 

of cold up1Nel.led waters on the west coast 

The Opt:inlilll 40 m for larvae in the west coast involves a trade off between the 

chances of offshore tralllSPOrt the Ekman and the lethal effect 

Within the fraJme'wolrk of successful recruitment of on the west coast, the 

biological and and their lllS well as the tradeoffs described are 

prOlposCld lllS potential mechanisms the and successful tr8JtlSp'ort 

spa,wning prc)du,cts to the west coast nursery area. Howe'ver, because this is a modeling ap~'ro~lCh, 

itis funid8lnelltal to studies to test these h~lOttlesf~s 
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F"llt ur, 6.5. A conet'ptuII modd of me, life ht'lOI)' of lnc:bo.'Y In ,.,.,Ibtm BmIIlCIa SYSI"" 

Srveral modehn,and flC:ld audln focuKd on fisMs RIch as pollock ,n I~ Gulf of Aluu 

(l l~nnann ", al. 1996). and...,1 til lhe Nonb S4 (Ikm~ 1" aI .. 19'94). ~ and hidduck elrly hf, 

sUg<s on Gmrl" Bank (WcmcT'" a/.. 1993). and spoland AU.nlle mrnbadm larva.. ,n IhI: "'5\ 

OOUI (If Unntd Stain {liarr " al. 1999. WnTICT n al. 1999} ha., prov,~d subitantUlI 

uukf's;tandlnllnlO larval II"lIrupon procrsso'S wh,ch his brm linked '0 lIN: ,ntn·annUIII ,eerunnl(nl 

vanabtlll)' rby~ and btQlOl'cai factQTS mnUfflC'lng ~cnulnwnl ha,', been tllKhfd and the 

vanlo,ln), of I .... !>abllalS linked 10 r«nJ'lmml .:an_beltl}' (Nd5On n QI~ 1977; ('hecklcy ~I ul, 

19&8) Recent fidd Studl" lIfanebo,), 'ga d,smbUlwn camrd out In lDulhern BenaU('la system nave 

suZlt~(d • nwkrd taSt......ros sluO ,n the ancho"y spa""" bmma. Imee 1994. ",Ill anello,'y 

spa""1fIJ! pttdomlrg,nll), otTlhc 500lh and nR roa5lS (.'an Ikr Lmsen, ellJl~ 20(2) Th,s 91,ft .. 

IIkdy 10 !>a,'c a ItWp .mpiCI on , .... transport of '111' and I."at' to the nutlCl")i sroundl, 11101 

subsrqurruJy on tho. rrcrullmml stuncth (Hn doT lmlU' ( , aI. 2(01) Recnlltmenl llrt'n¥tII 'p~IIS 

If) ha>, bern rrlan,'dy]I>W bul,table- bet""..., 1985 and 19% •• nd h'''''" bUI mull: ,·.nable bel ween 

1997 and 2001. cmncKlml .... nh tho. shIft .n spawnmg a,n (Hutchings rl ul_. ]998. Bamnge C1 al 

1999, >1m dcr llnl~ I!I uL 2(02) Thor VC'I)' "'roog m:nmmcnl uf .neho\")' 'II 2000 (del~cled dunnll 

the M.ay June suncy) was oorrobomlfd by lhe high spa""''' b,omas, obstrved during III" Novembrr 

2000 suo'r)' (>"lID dct l lnll"" <'I al. 2OO1~ Barill" el ul~ 2002. R(ly el al. 2002). The rellll>'ely few 
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numbers 

covers 

Dn:-re~cnJlts that were nh~:p.n!p.J'l March 

west merellore represcmts an jntf"I"P",jrjno parad(Jlx 

to 

COlllc:l1nOIlS on recruitment success is not 

aocJ.re;sseo. Retention processes a role on the 

traJllSDort to west coast DOIJUIlIlUl)ll or a 

COllc:l11tlOfLS on 

recJrwtmellt The 

that is reUllnc:o 

indi,catc:d that 

versus -18% on 

ore:-recrnllt swvey 

west coast "'U''''''''''''''nth needs 

de,relclprrlent of a 

to cope 

released 

have to be 

..... .., ..... ." .... I\I1lon:~vl~r those spawnmll pn:K1U,cts released on the EAB 

were not trai:LS(IC)rte:d to, or reuline:d west coast nursery area in These 

an UDI)ortant 

COllltrih,utiI12 Sl.llbstmtially to the 

adult tN""j5""" such as red 

per. __ ...... ,., 

FOR FUTURE Jl.....",""""''',._.~" 

not be to be in 

and rete:nt1()tl of 

to some of 

are .1) 

was COtlPlt::o to the mMs. It is constraints 

Rn("hn,rv and 

of 

raised 

and nursery area., 

such as 

coast are 

and 

Of 

model 

lead to some 

and processes These 

could be addlres;sed 

.. smalller temlporal and of 

wind .""" ....... u, ....... ' .. on the across-snore traJllSPort of larvae and """,.-""'. 

.. the eastward to test 

area for .... ("hn'rv 

.. Inc:on>orl!tloin of an eXI)l1cltttllbl11ellce c:l1trusllon scheme 

would account the intlluelrlce 

of Im"U"nvn'lio the 

distntmtllon of in ""nth .. ' ..... Hen~Plela 

to test the intlluclnce 

nursery area. 

east coast as a nursery 

the hvclrOlivnamlic 

the 

This 

and the 



Univ
ers

ity
Cap

e T
ow

n

• 

• 

Imt)lO'/errlent of the behavior model the hypclthei;is of avoildan~::e larvae of 

this would the Ekman 

inv'ol\re studies 

and the retention on the west coast and the EAB. In a later 

sch~)ling and swimming capabilities 

InC:Orr:)OI1lltiCID of processes such as teo::linl~, PJredJlil.ti(J~n and colnpietition to imt)ro'/e estimates of 

the mOltah'ty of in the southern Belflgulela "'.1","">1,,,. would a 

aVillilalt>ililty either NPZ model:s) or 

data. 

Further field work should be conducted to imt)ro"e out un(lel'!!Wlditlg of the blOloglCal and 

ph},sic:al mechanisms invlolvc:rl in vertical mi!p-ation, the swimrrling abi.litic,s of the 

retention process. A!; et al. the mM results directions for spe:cifiic 

S8miplinig, for exatnple 

• inv1csti,gations of i;pa'WDC,r distribution the and late of the spa:wning season, 

• surveys to locate prc::-rc~fltits 

spa,wning season, 

than two months rerrlaining on the Bank after the 

• and mnltl-ilayc~r S~unl)1i111g of larvae to detlem:line their distribution at difte:rent the 

studies could also be to to the of the models. These 

include: 

• to assess the times of eggs of encrasico/us under 

conditions. 

• to assess the vertical and and the abilities 

vital information to re-assess the and the Such studies will 

innovations will no gel1lerate new Quc:sti,ons and hYJ)Ottlesc~ to be tested in the field (Mull(1D et 

The ""M,mA1Rl cltlalleD!:e remains to qWliDtilfy the relaLtiolflShip bc~twieen the successful 

trmlSplOrt, retlent:ion of ~lDCIIlO\'V eggs and larvae variation et Hare et 
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