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Abstract 
The life history strategy of the Cape horse mackerel, Trachurus capensis in the southern 

Benguela, relating to distribution and reproductive ecology, was re-evaluated. It is possible 

that certain aspects of the species' life history may have changed since the previous 

assessment by Barange et al. (1998), as a result in this study, the conceptual hypotheses about 

the life history of horse mackerel proposed by Barange et al. (1998) were re-evaluated and 

possible revisions proposed. Distribution patterns were analysed using acoustic and mid­

water trawl data (1997-2010), and demersal trawl data (1984-2011) collected during bi­

annual surveys of pelagic and demersal fish. Results show that the size-specific distribution 

proposed by Barange et al. (1998), holds in general, but with two important differences: 

evidence of an adult population on the west coast in St. Helena Bay, which was previously 

thought to no longer exist following heavy fishing pressure in the 1950s and, although the 

west coast remains the primary nursery area, this study showed an increasing occurrence of 

south coast recruits particularly in last 5-6 years, which implies that recruitment on the south 

coast may not be as insignificant as once thought or has possibly increased in recent years. 

The reproductive ecology of horse mackerel was analysed on a temporal basis using egg and 

larval abundance measures from the SARP line (1995 to 2011) and horse mackerel gonads 

from biological samples collected on the eastern Agulhas Bank (EAB) (June to December 

2011). Results show that spawning occurs across the Agulhas Bank primarily in winter, (June 

to August), with a secondary peak in summer (December). Eggs spawned on the western 

Agulhas Bank (WAB) and, possibly, some from the central Agulhas Bank (CAB) are 

transported to the primary nursery area on the west coast by the jet current. The eggs 

spawned on the CAB and EAB are retained on the south coast. Following two strong year 

classes of horse mackerel in the 1950s, eight years of heavy fishing followed, during which, 

most of the adult population on the west coast were thought to have been fished out, after 

which the stock collapsed. Based on these past observations, and the occurrence of two strong 

year classes in 2010 and 2011, it is hypothesized that horse mackerel are likely to be 

abundant for the next few years. 
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Chapter 1: Literature review 

Upwelling Systems 
Eastern boundary upwelling systems, such as the Benguela, Canary, California and Humboldt 

Current Systems are among the most productive areas of the ocean (Anderson and Lucas 

2008, Checkley et al. 2009, Freon et al. 2009). The Earth's rotation and Coriolis force cause 

wind to deflect water bodies to the left and right in the Southern and Northern Hemispheres 

respectively, resulting in coastal water in the surface Ekman layer being driven away from 

the continent and replaced by nutrient-rich water from below (Philander 1998, Frances and 

Guerrero 2006, Anderson and Lucas 2008). This nutrient-rich upwelled water stimulates high 

primary productivity in the form of phytoplankton growth, which itself, supports higher 

trophic level species including fish, birds, seals and whales, as well as the some of the 

world's major commercial fisheries (Frances and Guerrero 2006, Anderson and Lucas 2008, 

Freon et af. 2009). 

The Southern Benguela Ecosystem 
The continental shelf surrounding South Africa is particularly unusual because of its position 

at the tip of a continent and the resulting interaction between two major ocean currents, the 

Agulhas and the Benguela (Figure 1.1) (Branch et al. 1987, van der Lingen and Huggett 

2003, Coetzee et al. 2008, Checkley et al. 2009, Beal et al. 2011). The warm south-westerly 

flowing Agulhas current hugs the east coast of the continent before being forced offshore by 

the shallow central Agulhas Bank (Figure 1.1). The current travels south before it retroflects 

and continues in an easterly direction (Figure 1.1). As a result of the retroflection, 

intermittent injections of warm Agulhas water are forced into the Atlantic causing 

simultaneous increases in coastal upwelling (Figure 1.1) (Branch et al. 1987, Checkley et al. 

2009, Hutchings et al. 2009, Beal et al. 2011). The Benguela current flow is part of the South 

Atlantic circulation. Prevailing south easterly winds cause upwelling of cold nutrient-rich 

water on the west coast. The most intense upwelling in the southern Benguela occurs from 

late spring (September to November) to early autumn (March to May) (van der Lingen and 

Huggett 2003). The sudden deepening of the continental topography off the south west coast 

causes a fast, north-westerly-flowing jet current along the shelf edge and is a prominent 

summer feature (Figure 1.1) (Shelton and Hutchings 1990, Boyd and Nelson 1998, Huggett et 

al. 1998, Huggett et al. 2003, Mullon et al. 2003, Grote et al. 2007). Moving eastwards along 

the south coast, the continental shelf begins to widen on the western Agulhas Bank (W AB), 
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and is at its wideslon lhe eenlral Agulha~ Hank (CAR) Jx, ror~ na rrowmg towards lh~ ~a,km 

Af!ulhas Bank (1OAB) A coni ridgc 0 1- subsuriacc wmcr, fl'mwd by l h~ int~r~~tion Jx,1\w~n 

coa,ta! upwelling on t h~ '>nuth CnaS! ~[] d the Agulh a~ Current, ~xlend~ ,>olllh-westward, rrom 

th~ EAR to thc CAB (Huggett el "I. 201H, HlilchinK" d a/ 2(09) , 

35° 

40 ' 

B€N:;\..ELA 
CURRENT 

SOUTH ATLANT!C 
CURRENT 

rj~ur< 1.1 : A m'r "ftho South At .. ;'.n (o., tlj" . outlinin g l~< ,".in O,Oall ". rrOIl!> alld lh. ia)"ul "fthl' 
,,,n tin. ntHi _,hol f (hot m.h 11 p Iho ,o. th<rll Llcll gud. C""~·Sl.m (ad"l't<d f , ,, rn Ilutch,u~, et al. 2009). 

Upwelling systems arc variah l~ and unp rediclah le_ In the Sl\ulhem Rengue!a. ch;mges in ,\,iOO 

strength ean \ary On Shl)rl ilme ,~ales , ~au"ing upwelling strenf!th to \'al)' dramatically . 

Cycles of intcnse upwelling ii)llowed hy r~d\l~ ed up,,-e!ling la,tmg betwcen s~ven and ten 

days arc c~pccially ~\ iJcnl in lhe ~outhern regl(\n or the we,l coast (Rranch el ai, 1987), 

Upwell ing imensily is lIscmlly higheSI m summer or early spring (Rranch ~r 01. 1987. 

Hutchings e/ a/ 20(9), and long [cml c\'ents. reoccurring at approximatci)' tcn year intcrvals. 

Icad to \\'ann wJ!er hcing fo r~l' J lip agai\1s t lhc v,'e"t co~sl. inlerrupting upwdling (Rranch el 

,,/. 19R7). Upwell ing not only varies on a temporal scale bUl also spa lially, "ith up\\elhng 

C\'cnt'> conc~lllralcd al pan i ~lliar area~ along the coa,t (Rranch et ai, 1987. llutchinf!s CI ,,/ 

20(1<1), Thesc changc~ in lIpwelhng inlen,ily ~nd dUfillion lead to spatiotemporal variations in 

nutrkm ,upply and, a, a rcsult . the Ide hi slOne~ and hehaviour or ()rg~ni"m'> lh~t live in these 

upwel ling ~emre~ hav~ k\ he adapted accordingly (Anderson and Lucas 200gL Phy"ical 
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variahilit} ha, an overriding inlluence on the dyn.amic~ inth.: southern Benguela. with factors 

,>uch a~ natuml d imalc variability. circulation patterns. and the strength and dumtion of 

upwelling int1ucncing productivity aoo food availability. ichthyoplankton survival and 

r~crllitment success. and pt'pulalion \ariah1lily of many '>pecies {rlranch f/ "I. 19S7_ 

Ander,on and Lucas lOOH 

Small Pclagies 

The f'Opubtion Ilumbers und inter-allnu~ l variubility of sm,lil rel~gic lish in the southern 

Benguela upwelling area arc notoriously unstable (Branch e/ al. 1987. van der Lingcn elat 

2U()6). These 11unuation'> arc common in pelagic species, including commercially important 

'>pecies 'llch as 'Jrdine (Sa,-Jirwps sagax) and anchovy (Engrauli.I' encrasico/llS). particlllarly 

in upwelling arca'> where fish appear to have periodic outbreaks of successful recruitment 

Illilowed hy period,> of poor recnntmtnl (Branch e/ at 1987, van der Lingcn and Huggctt 

20m, van der Lingen el al 20U6. Coc'cidey el at 20(9). 'I he commercial importance of 

pelagic species a'> well a~ toc difficultics in stock managem~n1 ereat~d by the unpredictable 

11LJCluation'> in '>lock ,>i/c havc rc,ultcd in an increased locus on lifc history strategies of 

pclagic lish species 111 the slluthern Rcngw:la (Branch f/ at 1987, I'an dcr Lingcn and 

Huggel1 20m, van der Lingcn el "I 20(6). 

Bcngcel. 
Curron! 

w[STERN CAr'l _c./ 
CO~~I NuRSC~Y 

GHOVN[) 

~ N",.~'y '"9"' '' 
mEl S,",wn "-.~ 

~'§l UP>' ellinQ 

IIiiii Lo" 

9 ·1 r>o'PO, i 

SOlJl H AFROCA 

ri~" .. o 1.2: Th o n01wo,-I< of 'p"""ing, "-,,,sp,,,-I .nd """."y ,,-.a, and the ... ~i"n' "r "p"e((in~ 
.,,,1 ofr,horo 10".' co.'.'o"t}' ",ili,.d by I'rt,~ic fhh in Ih~ _,,,u thee" B,n~u.to cUI-ron' ,y",m 
(I.~.n from tI Ulch ing'" 01_ 21.lO2), 
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For smal l pdagic fish ,pecks in lhe K"gi(ln. ~u~h as ;mchovy ami sardine whose iiI'" hi, lo ry 

, lralegies are best underslood. sp,..wnin~ (K;CUrS across the CAB. CAll and WAH near lhe 

C(lnlir",n l<ll ;;helf edge (fi gure 1.2) (Hulching" e/ ai. 2002, van der Lingen and Huggctt 2003. 

[Jutch ings <'I al. 2011'1). E~g, and I<ln,", ar~ lIim,polied nonh 10 the food-,..bund,..m w~Sl c(la;;l 

nursery area by the jCt ClIfTenl (lr rdmned (In lhe south coast (Figmc 1.2) (lloyd and ~el,(ln 

1998, Iluggcl! e/ 01. 1<)98, Hllggell c( al 2003 , Mullon CI ai, 2003, Miller <'I al. 2(06), Lanae 

develop into rccruils lhal r(lml mixed ,hoals and move ,outhward, with age, rctul'll ing to the 

Agulhas Bank"-, adu ll lish (Hecht 1m, Barange e/ al. 19'18, Huggett <'I III. ~()03. Anon. 

2004. Lchodcy CI al. 2()()ti) . Al th\nLgh Ihe hfe history str<ltegy of anothcr pelagic specics. the 

Cape horse mackcrel lrachurus ""peny;y. i, Ie" llnder;;(o<)d it is likely to be ,imilar to that of 

s<lrdine <lnd ;nw;h(l\'}" 

The Genus Trachurus 

The Trachurus genus belongs to the f<1lnily Carangida", C(lnSi;;ling of ,,,,,eral Ja~k and horse 

machrel ,pel-i~s <l1'Id ,ub-,pecics all ovcr the world. Jrac!1IIru.\' ,pecies lire ~ los~ly r~laled 

anJ morphologically similar, making them difficult to differenti ,..tc witholll knowing lh~ir 

gC(lgraphic<l1 origin. which is often tI", main di,lin~lli,hin g realur~ (Kichob 1920, 

Geldenhuys 1973. Nai s.h 1990, Salem 19<)5). ,\ccording to Ih~ mo,1 re~en ( d<l;;:;l/ic<l( ion there 

<Ire 15 ,pedes within the lrachuru.\' genus (Sal~m 19<)5). The,e indllde: T Iroc/mf'UY 

(I ,mna~lls, 1758) which is abundant along the west co,..st ornorlh Aln l-<l. exlendin~ l(llhe 

C(la,l or northern Europe and thc Meditcrra!lC"n, 1 /)/e(uratuy (H(lwdich, 1825) "hidl is 

1(1lLllJ m lhe ~ a;;lem Allantic. extending 10 the coast of ;;oulhwest bll'op~, T med;tcrnlilcuy 

meditcrranc uy (Stelnd<l~hller, 1868) and T medilerraneu.\' pOlllicus (Alen, 1<)56) whi~h are 

bolh fOllnd on lh~ ;;(lulh " est coast of Europc a!ld in the Meditermnc,..n, l' decii,,;s (kllyn" 

I S .. ll) "hi~h i;; l(nLrld on the south ~oast or A uSlI'alia ami on the we,t coast or K ew 7ealand. 

T n(Jvae~dandiae (Richm-dson. IS42) "hich is found On lh" soulh ,..nd eaSI ~o<lsl or 

,\ustmlia. T Jllpollicuy (lemmin<:k and Schlegel. IS,H) which is lour\J ,urrounJin~ hran 

<111<1 ,\Jjaccnl seas. T lymillclrirus (Ayre" 1855) which is found off the southwest CO,..,l or 

~orth i\merica, T iIlwphy i (Ni~hols 1920) which is lound on the ,Yest coast or Soulh 

Amcrica, r lalham; (Kieho" 1920) which is found on the ea,l ~oast of Korth and South 

AmeriC<l ,1'. /ongimanlls (Korman, 1935) which is I(lllnd omhore in the Indw11 Oce~n. T 

indicII,I' (Necr"-,sov, 1 %6) whkh i, f(llmd in the Arabian Sea in the northern Indian (kedn, T 

[rea/(' (C<ldenat, 1949) which is rOllnd on Ihe coaSls of Angola <l11d northern ~<lmib ia. r 
dclagall (NecTassov, 1970) whieh is IOllnd (In lhe ~"',l CO<l;;1 (lr ;;oulhern Ali-ic<I and T 
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capensis (Castelnau, 1861) which is abundant off the south and west coasts of South Africa 

and off Namibia (Nichols 1920, Geldenhuys 1973, Crawford 1989, Salem 1995, Yankova et 

al. 2008). 

As a result of the close resemblance between the northern European species T trachurus and 

the Cape horse mackerel T capensis, they were initially not recognised as separate species 

(Geldenhuys 1973). Instead, following DNA analyses conducted by Naish (1990), the Cape 

horse mackerel became a sub-species of T trachurus and was recognised as T trachurus 

capensis. The Cape horse mackerel has since been recognised as a separate species from T 

lrachurus and is known as T capensis in recent classifications (Salem 1995). Cape horse 

mackerel will be referred to as T capensis in this research and is considered identical to the 

species referred to as T trachurus capensis in some of the most recent publications, including 

Barange et al. (1998), Sardinha (2002), Axelsen et al. (2003), and Barange et al. (2005). 

Cape horse mackerel T. capensis 

The Cape horse mackerel is a shoaling fish species occurring off the coasts of Namibia and 

South Africa in the southern Benguela ecosystem. The species is distributed from the west 

coast southwards until just past Port Elizabeth on the east coast, and is known to occur across 

the full extent of the Agulhas Bank (Barange et al. 1998, Anon. 2004). In the past, it was 

assumed that the west and south coast horse mackerel populations formed separate stocks 

(Hecht 1990, Kerstan and Leslie 1994). However, these populations are genetically 

homogenous and believed to be a single stock, physically separated from the Namibian stock 

by the Luderitz upwelling cell, a strong, thermal environmental barrier (Hecht 1990, Kerstan 

and Leslie 1994, Barange et al. 1998, van der Lingen and Huggett 2003, Anon. 2004, 

Coetzee et al. 2008, Hutchings et al. 2009). As a result, there is limited exchange of fish 

between the Namibian and South African stocks (Barange et al. 1998). The species prefers 

cool coastal waters found on the west and south coasts and can occur to approximately 500m 

deep. The species is long-lived and individuals can live to between eight (Anon. 2004) and 10 

years (Geldenhuys 1973, Hecht 1990, Naish et al. 1991). It has a slow rate of growth and can 

grow to a maximum length of between 50cm (Geldenhuys 1973, Naish et al. 1991) and 70cm 

in total length (TL) (Crawford 1989, Anon. 2004). 

Spawning 

Cape horse mackerel spawn indeterminately and intermittently in batches throughout the 

year, although they appear to have two major spawning periods which occur from May to 
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August and October to January (Hecht 1990, Kerstan and Leslie 1994, Barange et al. 1998). 

There also appears to be some variation in spawning time across the Agulhas Bank with peak 

spawning being recorded in winter (June) and spring (November) on the EAB and in summer 

(February) and winter (August) on the WAB (Kerstan and Leslie 1994, Barange et al. 1998, 

Anon. 2004). 

Distribution and Life History Strategy 
The species exhibits spatial variations in distribution on different scales, including regionally 

in an east-west direction and across-shelf in an inshore-offshore direction over several 

kilometres, and vertically within the water column on a diurnal scale and over several tens of 

meters (Hecht 1990, Barange et al. 1998, Anon. 2004). Distribution is influenced by age, 

food availability, individual level of sexual maturity, spawning, time of day and seasonal 

environmental factors (Barange et al. 1998, Anon. 2004). During summer, a portion of eggs 

and larvae from fish spawning on the CAB and WAB are transported northwards in the jet 

current (Figure 1.3) (Barange et al. 1998). Recruitment primarily occurs on the west coast 

32~ 

1: Drift and transport of larvae/eggs towards the West and South 
coasts 

2: O-year-olds recruit to pelagic fishery in January-March 
3: 1- and 2-year-olds become demersal, settle over the shelf-break 

and move onshore and south in winter 
4: Fish may move onshore in winter, possibly more pe~agic during 

spawning periods 
5: Fish tend to move eastwards with age 
6: 3+-year-olds move offshore in spring, and possibly soulh­

westerly during summer to spawn on the central 8ank. 
Return migration in autumn/winter j 
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Figure 1.3: Schematic of Cape horse mackerel life history, migration and spawning strategies off the 
South African south and west coasts proposed by Barange et al. (1998). Number 1 represents the jet 
current. 

and the arrival of new recruits is reflected by a peak in purse-seine landings from January to 

March (Figure 1.3) (Barange et al. 1998). Recruitment is greatest along the west coast 
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because of the high food availability in the form of plankton as a result of the high primary 

production that occurs in the nutrient-rich upwelled water (Philander 1998, Anderson and 

Lucas 2008). 

Eggs retained on the south coast are scattered along the coast in small localised areas, where 

secondary recruitment occurs in sheltered bays (Hecht 1990, Barange el af. 1998). At 1-2 

years of age the juveniles mature and enter the spawning cycle becoming demersal and 

moving offshore to settle over the shelf break (Figure 1.3) (Barange et af. 1998). In winter 

and assisted by the poleward flow of bottom water along the shelf break, individuals on the 

west coast tend to move onshore and southwards whereas those on the south coast move 

offshore and eastwards (Figure 1.3) (Barange et af. 1998). During this time the fish become 

less demersal and more pelagic in their distribution, particularly during spawning periods 

(Figure 1.3) (Booth and Hecht 1998). This behaviour can explain the seasonality found in 

landings of the inshore demersal trawl industry, which shows smallest catches coinciding 

with periods of peak spawning from November to December (Barange et af. 1998). However, 

this diurnal movement is thought to be not nearly as important as the west-east or offshore­

onshore movement of fish with age. 

As they grow older the fish tend to move eastwards, with the oldest (usually> 3 years) and 

largest (>30cm TL) horse mackerel occurring the furthest east (Figure 1.3) (Barange et af. 

1998). Large individuals are also known to migrate south and westwards to spawn in summer 

on the W AB and CAB and perform their eastward return migration in autumn and winter 

(Figure 1.3) (Barange et af. 1998, Booth and Hecht 1998). Migratory routes can take several 

years to complete, with older adult fish migrating more than sub-adults or juveniles (Barange 

el af. 1998). 

On a much smaller scale, the distribution of horse mackerel vertically in the water column is 

thought to be influenced by feeding aggregations, predator avoidance and spawning strategy 

(Barange et af. 1998, Booth and Hecht 1998). Horse mackerel reside close to the seafloor, 

exhibiting demersal behaviour during the day, whereas at night they migrate to shallow mid­

water and become more pelagic (Kerstan and Leslie 1994, Barange et af. 1998, Axelsen et af. 

2003, Anon. 2004). 
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Feeding 

Cape horse mackerel are mainly non-specialist planktivores, filter feeding primarily on 

zooplankton. There is evidence of horse mackerel changing diet with size, with small and 

medium individuals being mainly planktivorous and large individuals (>30cm in TL) 

becoming opportunistic omnivores and piscivores in their feeding habits (Hecht 1990, 

Kerstan and Leslie 1994, Anon. 2004). During the day, horse mackerel feed on small Calanus 

copepods that reside on the seabed in high concentrations; this is thought to explain their day­

time demersal behaviour (Barange et al. 2005). At night, the copepods leave the seaf100r and 

move up in the water column. The horse mackerel do the same, becoming more pelagic 

(Barange et al. 2005). It is possible that horse mackerel follow the copepods up into the water 

column at night to feed. However, at night the copepods are widely distributed within the 

water column and more difficult to feed on, unlike during the day where they can be found in 

higher concentrations. Therefore it is also argued that horse mackerel do not become more 

pelagic at night to feed but rather to reduce being preyed on in conditions of reduced 

visibility by the permanently demersal hake (Merluccius capensis) (Barange et al. 2005). 

Fishery 

The semi-pelagic nature of horse mackerel means it is commonly found shoaling with both 

pelagic and demersal species, including anchovy, sardine and hake (Merluccius capensis and 

M paradoxus). As a result, horse mackerel come into contact with and make up a large 

proportion of the catch and by-catch of three different fishing sectors (Barange et al. 1998, 

Anon. 2004, Anon. 2010). The surface pelagic purse-seine fishery takes juvenile horse 

mackerel as by-catch on the west coast, the demersal trawl f1eet takes adult horse mackerel as 

by-catch on the south and west coasts, and the mid-water trawl fishery targets adult horse 

mackerel on the south coast (Anon. 2010). 

Commercial fishing of horse mackerel commenced in 1943 through pelagic fishing in and 

around St. Helena Bay on the west coast (Geldenhuys 1973). As no catch statistics were kept 

during the first few years, estimates were made from the production output of fish meal and 

canned fish (Geldenhuys 1973). The first detailed catch statistics were recorded in 1950 when 

annual catches were increasing as the industry continued to expand (Figure 1.4) (Geldenhuys 

1973, Barange et al. 1998, Anon. 2010). Initially the pelagic purse seine fishery on the west 

coast targeted adult horse mackerel, but switched to targeting sardine following a decline in 

horse mackerel in the late 1950s. Since the switch, juvenile horse mackerel are taken as by-
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Harange rl al. 1998, Anon. 20M, Anon. 2(10) 

It is thoughl that the decline in eatchcs following the period 1950 to 1958 was due to the 

disappearance of strtlng year classes. which were heavily fished and accOltilled for the bulk of 

the catehe~ within the ~ight year period (Gcldenhuys 1973). It i, bel ieved that as a result of 

1i"K",e large purse-,einc calches on the wesl coast in the eJrly 1 <)50s. Ihc brge ,c!IOOI> of adult 

hor-.: m~derd OIKe common to th~ South Ali-iean we,\. coasl, di'appeared (Anon. 2010) 

Purse seiners began to target juvenile hocsc nmc\ .. ercl in tMe 1990s in the same area of the 

west coast. and by 1998 the catches 01 juveniles on the west coast had climbed to jusl Over 26 
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modelling assessments in the late 1990s to determine what impact targeting juveniles would 

have on recruitment of adult horse mackerel to the south coast (Anon. 2010). Based on these 

models, a precautionary upper catch limit of 5 000 tons of juvenile horse mackerel was 

introduced for the purse-seine fishery (Anon. 2010). 

In the 1960s the demersal inshore fishery and foreign trawlers (mainly Japanese) began 

targeting sub-adult and adult horse mackerel on the south coast (Barange et al. 1998, Anon. 

2010). From 1969 onwards, these age groups accounted for approximately 80% of landings 

in the demersal and mid-water trawl-directed fishery on the Agulhas Bank. Landings peaked 

in 1977 with a catch of 78 000 metric tons (Kerstan and Leslie 1994, Anon. 2004, Anon. 

2010) (Figure 1.4). Following the declaration of South Africa's exclusive economic zone 

(EEZ) in 1977, most foreign fishing fleets were withdrawn from the South African coastline 

in 1978. The Japanese fleet legally continued fishing for horse mackerel under licence until 

1991 (Anon. 2010, Atkinson et al. 2011). With the exclusion of most foreign fishing vessels 

in 1978, catches levelled off to between 30 000 and 45 000 metric tons (Anon. 2010). After 

the Japanese withdrawal in 1991, annual catches decreased from almost 45 000 metric tons to 

between 10 000 and 25 000 metric tons landed by South African vessels, and remained at this 

level until 1996 (Anon. 2010). 

In 1991, there were initiatives to start a local mid-water trawl horse mackerel-directed fishery 

on the Agulhas Bank (Barange et al. 1998, Anon. 2004). This prompted the then Sea 

Fisheries to commence modelling studies in order to provide scientific management advice 

(Barange et al. 1998, Anon. 2004). The shortage of dependable long term data sets initially 

delayed the modelling studies and many of the evaluations carried out had large uncertainties 

(Kerstan and Leslie 1994, Barange et al. 1998). The lack of long term data sets also meant 

that, prior to 1996, catches between the demersal and mid-water trawl fishery could not be 

separated (Figure 1.4). Whereas demersal trawl catches remained low since 1991, the 

successful re-establishment of the mid-water trawl horse mackerel-directed fishery in 1996 

and 1997 resulted in an increase in the annual catch from under 9 000 metric tons in 1995 to 

above 28000 metric tons in 2006 (Figure 1.4) (Anon. 2010). Currently, the largest 

concentration of adult horse mackerel that remains on the South African coastline is found on 

the EAB. 

The southern and eastern areas of the Agulhas Bank have exploitable quantities of large fish 

and the mixture of size and sheer volume of fish makes the mid-water trawl fishery 
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is potentially the largest single fishery on the Agulhas Bank, it is an economically marginal 

species that is capital-intensive, providing minimal employment (Anon. 2004). 

Management 

Since 2001, horse mackerel has been managed using a constant catch strategy (Anon. 2010). 

A precautionary maximum catch limit of 44 000 metric tons is set, mostly allocated to the 

mid-water trawl horse mackerel-directed fishery, with some of the catch limit, 12 500 metric 

tons, allocated to incidental by-catch of horse mackerel in the demersal hake-directed fishery 

(Anon. 2004, Anon. 2010, Smith et al. 2011). There is a desire for two dedicated mid-water 

trawl vessels in this sector, but it is only economically viable for one vessel to operate, 

currently the F. V Desert Diamond (Anon. 2004, Anon. 2010, Smith et al. 2011). This vessel 

catches approximately 85% of the allocated precautionary maximum catch limit; the 

remainder is caught by four smaller inshore vessels in the sector. Since 2000, a precautionary 

upper catch limit of 5 000 metric tons, which is not part of the precautionary maximum catch 

limit of 44 000 metric tons, has been placed on the pelagic purse-seine fishery on the west 

coast for juvenile horse mackerel (Furman and Butterworth 2011, van der Lingen et al. 

2011). This precautionary upper catch limit came about following a 1999 age-structured 

model assessment of the horse mackerel resource that showed that the horse mackerel stock 

was very sensitive to purse-seine catches of juveniles, with even a small catch having a 

substantial negative impact on the demersal catch of adult horse mackerel that can be 

sustained on the south coast (Anon. 2010). 

The western spawning migration of large sub-adult and adult horse mackerel means they are 

not always found on the EAB, so a vessel's catch is largely dependent on local availability. 

Consequently, the four smaller vessels in this sector do not only target horse mackerel but are 

eligible to hold several fishing rights simultaneously and carry both mid-water trawl gear for 

targeting horse mackerel and demersal trawl gear for targeting hake (Merluceius capensis) or 

sole (Austroglossus pectoralis) (Anon. 2010). This improves the economic viability of these 

smaller vessels by making them more adaptable to target species based on their availability. 

The inshore hake and sole trawlers catch about 1 500 tons per year of horse mackerel as by­

catch but are known to specifically target horse mackerel when availability is high (Anon. 

2004). 

Mid-water trawling for horse mackerel is not permitted in water shallower than 110m or less 

than 20 nautical miles from the coast (Anon. 2004), as poor targeting practices and fishing 
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too close to the seafloor leads to unwanted by-catch and incidental catch of other species. The 

most common by-catch species are ribbonfish (Lepidapus caudatus), sunfish (Mala mala), 

chub mackerel (Scamber japanicus) and some marine mammal species such as common 

dolphin (Delphinus delphis) and bottlenose dolphin (Tursiaps species) (Anon. 2004). The 

species of particular commercial concern is hake (Merluccius capensis) targeted by the 

demersal trawl fishery, because by-catch of this species in the mid-water trawl horse 

mackerel-directed fishery is unavoidable, a reserve amount of 2% of the current hake Total 

Allowable Catch (T AC) is set (Anon. 2004, Anon. 20 1 0). Dumping of any by-catch or offal 

is not permitted, and tori lines are mandatory for every vessel while towing, in order to 

reduce bird casualties (Anon. 2004, Anon. 20 10). In order to monitor the above-mentioned 

ecosystem considerations, the sector is currently subjected to 100% observer coverage (Anon. 

2010). 

An age-structured production model was developed in 1999 to assess the horse mackerel 

resource. The results suggested that the level of demersal catch of horse mackerel on the 

south coast is sensitive to, and could be negatively affected by, pelagic catches of juvenile 

horse mackerel on the west coast (Anon. 2010). As a result, a reduced precautionary 

maximum catch limit of 34 000 metric tons was set for 2001 and the by-catch of juvenile 

horse mackerel in the pelagic fishery was limited to 5 000 metric tons (Anon. 20 10). In 200 1, 

the age-structured model was updated and used to determine resource responses to certain 

management options (Anon. 20 1 0). The results suggested that, as long as no negative 

consequences were identified, the annual precautionary maximum catch limit could be 

increased from 34 000 to 44 000 metric tons for the next few years until 2005 (Anon. 2010). 

Since 2003, annual horse mackerel landings were approximately 30 000 metric tons, being 

much lower in 2006 and 2008 (Anon. 2010). An assessment was carried out in 2007, giving 

similar results to those previously obtained and being used to set the annual precautionary 

maximum catch limit and make recommendations in the fishery (Anon. 2010). It was 

concluded that no negative consequences of the current catch limit from the previous few 

years of fishing was evident and, as a result, the precautionary maximum catch limit from 

2007 to present should remain 44 000 metric tons per annum. 

Stock Assessment 

The first acoustic assessment cruises for horse mackerel were run every October from 1991 to 

1994, between Mossel Bay and East London, in an attempt to estimate the available biomass 
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of horse mackerel there and begin long term data sets of abundance (Barange et al. 1998, 

Anon. 2010). The main advantage of acoustics is its ability to sample large volumes of water 

with high accuracy and resolution on both horizontal and vertical planes (Axelsen et al. 

2003). However, it remains difficult to obtain reliable estimations when the fish are dispersed 

(Barange et al. 1998). Furthermore, acoustic surveys fail to detect a large portion of the horse 

mackerel stock over the shelf or close to the seafloor, where they are known to occur during 

the day (Barangc et al. 1998). Conversely, bottom trawling during the day was successful in 

detecting horse mackerel in some areas, such as the inner shelf around Mossel Bay (Kerstan 

and Leslie 1994, Barange et al. 1998, Axelsen et al. 2003, Anon. 2010). However, trawling is 

only effective during the day and ineffective at the shelf break, where a substantial portion of 

the horse mackerel population extends beyond the routine survey area and over untrawlable 

grounds (Kerstan and Leslie 1994, Barange et al. 1998, Axelsen et al. 2003, Anon. 2010). 

Hence, the outcomes of stock assessments based on a single survey method are inaccurate, 

and neither bottom trawl nor acoustic data can be treated as reliable independent estimates of 

abundance (Barange et al. 1998, Anon. 2010). Combined bottom trawl and acoustic surveys 

appear to be the only effective means of assessing the total abundance of horse mackerel 

(Barange et al. 1998). However, horse mackerel surveys have not been conducted since 1994. 

The current population model for horse mackerel incorporates commercial catch data and 

demersal survey data in order to estimate variations in recruitment and compare this to the 

November pelagic survey abundance results (Furman and Butterworth 2011), but it appears 

that either the November survey estimates are a weak predictor of incoming horse mackerel 

recruitment strength or the data supporting the model are inaccurate, because the size of the 

resource is underestimated (Kerstan and Leslie 1994, Furman and Butterworth 2011). The 

biomass of horse mackerel on the west coast is five times smaller than on the south coast, 

making the west coast less important when assessing total stock size (Barange et al. 1998). 

The species is currently believed to be under-exploited, but maintaining the current catch 

limits is considered appropriate according to the last model assessment carried out in 2007 

(Aukland and Ninnes 2004, Anon. 2004, Anon. 2010). 

Aims 

It is believed that a strong horse mackerel year class in 2010 led to a substantial increase in 

juvenile horse mackerel on the west coast (Furman and Butterworth 2011). This resulted in 

large by-catch of juvenile horse mackerel by pelagic purse-seiners, particularly those in the 
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anchovy-directed fishery (van der Lingen et al. 20 11). This became problematic for the 

pelagic industry, and despite adaptive measures (e.g. area closures) being implemented 

landings of horse mackerel continued to increase and, as a result, the precautionary upper 

catch limit was increased from 5 000 to 10 000 metric tons (5 th April 20 11) and then to 

12 000 metric tons (8 th July 20 11) (Furman and Butterworth 20 11, van der Lingen et al. 

20 11). Exceeding the precautionary upper catch limit can lead certain fisheries to stop fishing 

before reaching their full quota for their target species. This occurred in 2002, when 8 000 

metric tons of horse mackerel was caught early in the year as by-catch in the pelagic fishery, 

necessitating a temporary, three-week closure of the anchovy-directed fishery (van der 

Lingen et al. 20 11). Such closures can have large economic implications for the fishing 

industry, emphasizing the need to update the current understanding of the life history of this 

species. However, updating understanding is not just motivated by the fishing industry but 

also by the need to understand the impact of consistently-changing environmental conditions 

in both the long and short term. 

The most recent summary of knowledge of horse mackerel life history, including distribution 

patterns and spawning strategies, can be found in Barange et al. (1998). It is possible that 

certain aspects of the species' life history may have changed since then as a result of fishing 

pressure or environmental influences, or both. In this study, the conceptual hypotheses about 

the ecology and life history of horse mackerel proposed by Barange et al. (1998) will be re­

evaluated and possible revisions proposed. This re-evaluation will fill gaps in and add to our 

understanding of key features of horse mackerel life history in the southern Benguela 

ecosystem, such as distribution on a spatial scale and reproductive strategies on a temporal 

scale. The re-evaluation will be based on 14 years of acoustic survey data collected 

subsequent to acoustic data used by Barange et al. (1998), and 28 years of demersal survey 

data, as well as some new biological data relating to spawning seasonality. All this 

information will be synthesized to answer the main research questions. 

(1) Does the new information support or refute the hypothesised horse mackerel life 

history strategy proposed by Barange et al. (1998) (Figure 1.3)? 

(2) Does the synthesis of information improve our understanding about horse mackerel 

life history strategy? 

(3) If the life history strategy of horse mackerel has changed, are there management 

changes that need to be made or considered? 
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Chapter 2: The distribution by size of horse mackerel 
Trachurus capensis in the southern Benguela 

Abstract 
The distribution of Cape horse mackerel Trachurus capensis in the southern Benguela was 

analysed using acoustic and mid-water trawl data collected during bi-annual surveys of 

pelagic fish conducted over the period 1997-2010, and demersal trawl data collected during 

bi-annual surveys of demersal fish conducted over the period 1984-2011. Consistent patterns 

were seen from both surveys, with horse mackerel showing size-specific distribution patterns 

and exhibiting an eastward shift with size. Small fish <10cm total length (TL) are prevalent 

along the west coast and western Agulhas Bank (WAB), and are often found on the central 

Agulhas Bank (CAB) and extending onto the eastern Agulhas Bank (EAB). Medium-size fish 

of 10-19.9cm TL and 20-29.9cm TL are common across the CAB, with the latter often found 

further east. The largest fish > 30cm TL are found on the CAB and EAB, increasing in 

prevalence eastwards to Port Alfred. Both pelagic and demersal surveys show that horse 

mackerel are most abundant on the CAB and EAB, but are also consistently found in St. 

Helena Bay on the west coast. The distribution patterns observed in this study are broadly 

comparable with previous studies, but show an increase in abundance of juveniles on the 

CAB and EAB and of adults in St. Helena Bay. Horse mackerel recruitment estimated from 

pelagic surveys was high in 2000, possibly linked to unusual large-scale oceanographic 

events. Survey and catch data also show a strong year class in 2010. Based on these results, 

horse mackerel is expected to be abundant for the next few years. Previously, strong year 

classes recorded in the 1950s resulted in a short «10 year) period of high catches followed 

by a stock collapse. 
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Introduction 
The distribution of horse mackerel, Trachurus capensis, in the southern Benguela appears to 

be greatly influenced by fish size. The species exhibits variations in distribution III an 

alongshore, east-west direction as well as in an inshore-offshore direction (Hecht 1990, 

Barange et al. 1998, Anon. 2004). Fish tend to move further offshore and eastwards as they 

increase in size (Kerstan and Leslie 1994), and are mostly <30cm TL to the west of 24°E 

whereas to the east they are mostly >25cm TL (Figure 2.1) (Barange et al. 1998). Horse 

mackerel recruits « 1 Ocm TL, ~ 6 months of age) occur primarily on the west coast which 

serves as their nursery area (Figure 2.1) (Kerstan and Leslie 1994, Barange et al. 1998, Anon. 

2004). The abundance of food as a result of nutrient rich upwelled water on the west coast 

makes it ideal for recruitment of small fish, not only horse mackerel (Hutchings et al. 2002). 

SOUTH Af-RICA 

s ;>0·30 em i 

30' -

10·20 CIT 

E 

Figure 2.1: The distribution of Cape horse mackerel along the South African coast according to size 

class. The fish sizes were derived from acoustic/mid-water trawl surveys carried out in South African 
waters for the period 1984-1996 (Barange et al. 1998). 

Some horse mackerel recruitment is also known to occur irregularly in sheltered bays along 

the south coast (Hecht 1990, Barange et al. 1998). However, the recruitment that occurs on 

the south coast is much smaller than that on the west coast (Figure 2.1). The abundance of 

25 

Univ
ers

ity
 of

 C
ap

e T
ow

n



horse mackerel juveniles on the west coast has previously resulted in them being targeted by 

the pelagic fishery there, with peak purse-seine landings occurring from January to March 

(Barange et af. 1998). 

Horse mackerel mature at approximately 2 years of age and enter the spawmng cycle, 

becoming demersal and moving offshore to settle over the shelf break on the west coast 

(Kerstan and Leslie 1994, Barange et af. 1998). During winter, bottom water moves poleward 

along the shelf break, assisting the fish in their southwards movement to the Agulhas Bank 

(Kerstan and Leslie 1994, Barange et af. 1998), and fish tend to move eastwards as they age 

(Kerstan and Leslie 1994, Barange et af. 1998). These movements result in size-specific 

distribution patterns, with small, young fish Uuveniles and sub-adults of 10-20cm TL, ~ 1-2 

years of age) occurring on the WAB and medium-sized fish (young adults of 20-30cm TL, ~ 

2-3 years of age) found both in shallow bays and across the shelf on the CAB (Figure 2.1) 

(Barange et af. 1998, Anon. 2004). The oldest, largest fish (>30cm TL, ~ 3-4 years of age) 

generally occur the furthest east and are abundant on both the south and east coasts (Figure 

2.1) (Kerstan and Leslie 1994, Barange et af. 1998, Anon. 2004), with the oldest and largest 

horse mackerel seeming to have an affinity for the shelf edge region of the EAB (Barange et 

af. 1998). 

Where the EAB extends offshore and westwards, the continental shelf edge forms a sharp 

corner in the ocean topography. The fast-flowing Agulhas current flows along the shelf edge, 

causing topographically-driven upwelling (Hutchings et af. 2009). This creates a small, 

localised area of enhanced primary productivity offshore on the inside edge of the Agulhas 

Current. The abundance of food could be an explanation for the large densities of horse 

mackerel found in this area. The presence of a cool ridge of upwelled water extending south­

westwards from the EAB onto the CAB is also thought to affect the distribution of small 

pelagic fish in the area (Hutchings et af. 2009). This region of abundant food near the shelf 

edge is also thought to be a factor motivating the offshore movement of large individuals 

(Figure 2.1) (Barange et af. 1998). 

The largest, oldest individuals participate in a spawning migration, moving southwards and 

westwards in summer to the W AB and CAB, returning to the EAB in autumn and winter 

(Barange et af. 1998). Fish tend to move offshore with age while still remaining on the 

continental shelf, and they only move inshore to spawn (Barange et af. 1998). Their 

distribution around the coast in an east-west direction is more marked than onshore and 
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offshore movements. Minimum abundances of horse mackerel occur at approximately 24°E 

between Plettenberg Bay and Cape St Francis, apparently caused by the narrowing of the 

continental shelf which brings the 100m isobath close to the coast in that region (Figure 2.1) 

(lapp et al. 1994, Barange et ai. 1998). The adult horse mackerel that used to occur in and 

around St. Helena Bay on the west coast, have not been seen there since the 1950s and are 

thought to have been fished out by the pelagic purse-seine fleet from 1950 to 1958 

(Geldenhuys 1973). 

The aim of this chapter was to determine whether horse mackerel still show a clear 

distribution pattern based on size, as described by Barange et al. (1998). This analysis will be 

based on 14 years of new pelagic-survey data and 28 years of demersal-survey data not 

previously analysed for this species. Changes in distribution patterns in sardine and anchovy 

have been seen in the past two decades (Roy et at. 2007, Coetzee et at. 2008) and, as a result, 

some change in distribution patterns of horse mackerel might also be expected. 
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Results 

Three different outputs were produced from the pelagic survey acoustic data set: (1) presence 

per average size class per year, (2) the length frequency distribution of the population per 

year and (3) biomass estimates per stratum per year. One output was produced from the 

demersal survey data: density and distribution of the size classes per year. 

Distribution and abundance of horse mackerel from pelagic survey data 

rresence per average size class 

Individuals <9.9cm TL were found across the shelf throughout the west coast, especially St. 

Helena Bay and the W AB, decreasing in prevalence eastwards to Port Elizabeth on the EAB 

(Figure 2.5). Individuals from this size class are numerically dominant on the west coast 

compared to the larger size classes (Figure 2.5). This size class has been recorded, very 

rarely, up to the midshelf region on the CAB and inshore on the EAB (Figure 2.5). In 2004 

and 2007 small fish <9. 9cm TL were recorded far east on the EAB and in 2010 this size class 

dominated the west coast and W AB and CAB, suggesting 2010 was a year of strong 

recruitment (Appendices 1 and 2). 

Fish of 10-19.9cm TL were recorded on the west coast, primarily inshore in St. Helena Bay, 

and found from inshore to midshelf from the W AB to the EAB. They decreased in prevalence 

from inshore to the shelf edge on the CAB and eastwards from the CAB to the EAB (Figure 

2.5). Fish of 20-29.9cm TL were virtually absent from the west coast and WAB during 

pelagic surveys and were found most frequently on the CAB from inshore to the mid-shelf 

region, particularly off Mossel Bay and Port Elizabeth, decreasing in density towards the 

shelf edge on the EAB (Figure 2.5). Fish >30cm TL were not commonly encountered during 

pelagic acoustic surveys. Those that were observed were found on the CAB, extanding from 

inshore to the mid-shelf with a small component on the shelf edge at 22°E and on the EAB 

around Port Elizabeth, extending to just past Port Alfred (Figure 2.5). 

The individual years when horse mackerel distribution best fits this pattern are 1998, 2000 

and 2001 (Appendicies 1 and 2). Years of uncharacteristic distribution included 2006 and 

2010, caused by the extensive distribution of small fish <9. 9cm TL across the W AB and 

CAB from inshore to the shelf edge (Appendices 1 and 2). 
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Length Frequency Distributions 

The May recruit and the November spawner biomass surveys exhibit length frequency ranges 

of I-S4cm TL and I-SIcm TL respectively. The Scm TL length class of fish was the most 

abundant in both surveys and abundance decreased with increasing fish size, as would be 

expected (Figures 2.6 and 2.7). Both May and November surveys showed that the west coast 

consisted of fish <10cm TL, the W AB exhibited a larger size range but with most of the fish 

<IScm TL (Figures 2.6 and 2.7, Appendices 3 and 4). Fish of 20-29.9cm TL were mainly 

found on the CAB and tend to dominate this area in terms of abundance (Figures 2.6 and 2.7, 

Appendices 3 and 4). Moving eastwards from the CAB to the EAR mean fish length 

increases from 12-24cm TL to 34-42cm TL closer to Port Elizabeth and Port Alfred (Figures 

2.6 and 2.7). The largest individuals were recorded on the CAB and EAB, particularly in 

November 1998,2000,2001 and 2008 and May 2000, 2004 and 2010 (Appendices 3 and 4). 

St. Helena Bay on the west coast had a larger size range of individuals compared to the other 

west coast strata (Appendices 3 and 4). This was the only area on the otherwise juvenile­

dominated « 1 Ocm TL) west coast where large individuals (> 1 Ocm TL) were recorded on a 

consistent basis. This same trend was seen in both May and November surveys (Appendices 

3 and 4). 

Year 2000 was a particularly uncharacteristic year because a large size range of fish (S-S4cm 

TL) occurred across the CAB in May (strata F and G) and small fish <10cm TL were found 

far north on the west coast (Appendices 3 and 4). Small fish of <1 Ocm TL were recorded in 

every stratum along the coast in the May survey and a total of ~ 1.S billion fish of 6-7cm TL 

was recorded for the whole survey (Appendices 3 and 4), indicating a year of strong 

recruitment. 

As expected, fish of <IIcm TL dominated the composite length frequencies (Figures 2.6 and 

2.7) and the May 2000 survey depicts this well (Appendices 3 and 4). There were several 

years from 2000 onwards when a large abundance of recruits was recorded, particularly in 

November 2010 (Table 2.1). In May 2010, large numbers of large fish (49-S1 cm TL) were 

recorded on the EAB and in November ~ 17.S2 billion recruits «1 Ocm TL) were recorded in 

total. This is the maximum number of fish <10cm TL recorded in a single survey to date 

(Appendices 3 and 4). 
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Biomass 

May recruit surveys typically show low biomass of horse mackerel from the northern west 

coast near the Orange River mouth to Cape Point (strata A-D) (Figures 2.Sa and 2.9). 

A verage biomass increases eastwards, from the W AB (stratum E), with the highest average 

biomass found on the eastern region of the CAB (stratum G) and, the western part of the EAB 

(stratum H) (Figure 2.Sa). From this point biomass decreases eastwards onto the EAB 

(stratum I) (Figure 2.Sa). The greatest biomass occurs from Cape Agulhas across the CAB to 

Mossel Bay and eastwards along the EAB (strata F- I) (Figures 2.Sa and 2.9). Biomass was 

greatest in year 2000 (Figure 2.9). 

November spawner biomass surveys also show a large horse mackerel biomass on the EAB 

(stratum E), similar to the May surveys, but differ in that some fish are found on the west 

coast (Figure 2.Sb). On the west coast, biomass was higher from Hondeklip Bay to Cape 

Columbine, including St. Helena Bay (stratum A), than the biomass recorded from Cape 

Columbine to Cape point (stratum B) (Figure 2.Sb). Biomass increased eastwards on the 

Agulhas Bank with the WAB (stratum C) having the lowest biomass and the EAB (stratum 

E) having the highest biomass (Figure 2. Sb). On the east coast, strata E and D had the greatest 

biomass in 2000, with D peaking in 2004, 2006 (to a lesser extent) and 20 I 0 (Figure 2.10). 
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Distribution and abundance of horse mackerel from demersal survey data 

Generally few fish of <1 Ocm TL were recorded, but were found in greatest densities far north 

and in St. Helena Bay on the west coast, and inshore on the CAB between Cape Agulhas and 

Mossel Bay (Figure 2.11). Fish of 10-19. 9cm TL were recorded far north and in St. Helena 

Bay on the west coast, inshore on the W AB and found extensively on the CAB from inshore 

to just past the mid-shelf region, with an additional area of high density found just off Port 

Elizabeth on the EAB (Figure 2.11). Fish of20-29.9cm TL were found across the full extent 

of the CAB with high densities recorded on the mid-shelf and shelf edge, and lower densities 

found just offshore from Port Elizabeth (Figure 2.11). Fewer fish> 30cm TL were recorded 

compared to the other three size classes. The greatest concentrations of adults were seen in 

St. Helena Bay, with lower densities recorded further north, inshore on the west coast (Figure 

2.11). On the south coast, fish of this size class were recorded along the shelf edge of the 

W AB and mid-shelf on the CAB, with highest densities on the EAB from inshore to the shelf 

edge, particularly just offshore of Port Elizabeth. Fish of 20-29.9cm TL and fish >30cm IL 

exhibited the widest distribution of all size classes (Figure 2.11). 

In 1994 there was a typical distribution of increasing ages towards the east and large 

abundances of all size classes of fish (Appendices 5 and 6). Years of uncharacteristic 

distribution included 1990-1992, 1995, 1997, 1999, 2004-2006, 2008 and 2010, because 

recruits were found on the south coast and were absent from the west coast (Appendices 5 

and 6). In 2007,2009 and 2011 there were particularly large abundances in the three smallest 

size classes, with record high abundances being recorded in each year. 

Fish of 10-19.9cm IL have dominated in abundance compared to the other three size classes 

over the past several years, including 1987 and 1989 (CAB and W AB), 1990 (St. Helena 

Bay), 1994 (CAB and WAB), 2003 (CAB and EAB), 2004 (WAB and CAB), 2005 (CAB), 

2006 (CAB), 2007 (CAB) and 2011 (St. Helena Bay) (Appendices 5 and 6). 

St. Helena Bay, on the west coast, is unique in that particularly large densities of all size 

classes of fish were recorded there on a regular basis, including in 1988 «1 Ocm IL and 10-

19.9cm IL), 1990 (l0-19.9cm IL), 1993 «10cm IL and 10-19.9cm IL), 1996 (all size 

classes except 20-29.9cm IL) and 2011 (1 0-19.9cm IL) (Appendices 5 and 6). 
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Discussion 

Pelagic survey data clearly show an eastward shift in horse mackerel distribution with size, as 

reported by Barange et al. (1998). Acoustic biomass measures did not show size-specific 

distribution patterns because they were measures of all size classes. Small fish <10cm TL are 

prevalent along the west coast and W AB, often extending onto the CAB and sometimes the 

EAB. Larger fish of 10-19.9cm TL and 20.29.9cm TL are common across the CAB, with the 

latter often found further east. Largest fish> 30cm TL are found on the CAB and EAB, 

increasing eastwards to Port Alfred. As expected, the largest size classes had the widest 

distribution range because large horse mackerel can swim long distances and do so in their 

spawning migrations from the EAB onto the CAB and W AB. 

Demersal surveys don't record small horse mackerel on the west coast, because juveniles are 

pelagic in distribution and demersal surveys are more successful in targeting large horse 

mackerel that reside on the seafloor during the day (Kerstan and Leslie 1994, Barange et al. 

1998. Axelsen el al. 2003, Anon. 2010). Demersal surveys found large horse mackerel on the 

south coast and EAB because bottom trawling during the day was successful in detecting 

horse mackerel in these areas (Kerstan and Leslie 1994, Barange et al. 1998, Axelsen et al. 

2003, Anon. 2010). Pelagic surveys found juveniles on the west coast because juvenile horse 

mackerel are known to closely shoal together in the water column and this method is accurate 

in detecting close shoaling fish (Barange et al. 1998, Axelsen et al. 2003). However, acoustic 

surveys were unreliable in detecting large horse mackerel on the south coast especially those 

on the EAB. because acoustics cannot accurately detect fish when they are dispersed or close 

to the sea floor, and large horse mackerel can easily avoid mid-water trawl gear used during 

acoustic surveys (Barange et al. 1998). Combined demersal trawl and acoustic surveys appear 

to be the only effective means of assessing the total abundance of horse mackerel, because 

abundance estimates based on a single survey method are inaccurate. and neither demersal 

trawl nor acoustic data can be treated as reliable independent estimates of abundance 

(Barange et al. 1998, Anon. 2010). 

Areas of high abundance mentioned by Barange et al. (1998), such as the CAB, EAB and 

Port Elizabeth, also had consistently high densities in the pelagic and demersal surveys. The 

consistent occurrence of large horse mackerel off Port Elizabeth and often on the CAB shelf 

edge is thought to be a feeding aggregation around an area of localised high primary 

productivity as a result of shelf edge upwelling (L. Hutchings pers comm). These areas are 
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important focus areas for the mid-water trawl horse mackerel-directed fishery, as can be seen 

from the hours of trawl time spent fishing in these areas (Figure 1.5) (Smith et af. 2011). 

It appears that St. Helena Bay is the most important area on the west coast for horse 

mackerel, and it is the only area on the otherwise juvenile-dominated west coast where all 

size classes of fish were recorded on a regular basis. Even though in the 1950s an adult 

population existed in the area, the occurrence of fish 20-29.9cm TL and >30cm TL in the 

bay, even in low densities, is surprising, since few or no adults were thought to exist on the 

west coast following heavy fishing pressure during the 1950s. The origin of these adults is 

uncertain but some possibilities include them recruiting in the bay as juveniles and then 

remaining there and not performing the typical south east migration to the Agulhas Bank. 

They also could be migrating adults from the Agulhas Bank, or they could represent a relic of 

the adult population once present in the 1950s. As fish of 20-29.9cm TL or >30cm TL have 

not been recorded in this area from 1984-1996 (Barange et af. 1998), the presence of this size 

class in St. Helena Bay could be consequences of improved survey techniques, analysing a 

longer time series or an indication of a recovery in the west coast adult population. It has 

been suggested that feeding circumstances in the southern Benguela have deteriorated for 

pelagic fish from 1970 to 1996 because of variability in food availability and changing 

environmental conditions (Hutchings et af. 1998). However there is contradictory evidence of 

a considerable increase in phytoplankton and copepod abundance in the St. Helena Bay area 

over the past four decades due to wind driven upwelling, and zooplankton concentrations, 

although moderate to high throughout the Benguela upwelling system, are thought to peak in 

St. Helena Bay (Checkley et af. 2009), which may account for the high concentrations of all 

size classes of horse mackerel in the region (Hutchings et af. 1998, Verheye et af. 1998, 

Hutchings et af. 2009). 

Slight differences in size class distribution are seen when comparing the results of this study 

with those reported by Barange et af. (1998). Barange et af. (1998) seldom recorded fish 

<10cm TL further east than the W AB, apart from a few areas of recruitment on the south 

coast, and yet periodically this size class was recorded far east on the EAB. Fish of 10-

19.9cm TL were not recorded by Barange et af. (1998) far offshore on the CAB or on the 

EAB. There was also no record of fish 20-29.9cm TL and >30cm TL on the west coast. 

These differences are most likely to be consequences of analysing a longer-term data set, 

with an additional 14 years of data, and are not necessarily sufficient evidence to suggest an 
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eastward shift in horse mackerel distribution, as seen in other pelagic species on the Agulhas 

Bank including sardine (Coetzee et at. 2008) and anchovy (Roy et al 2007). Both these 

species have exhibited a significant eastward shift in biomass since the mid- to late 1990s, 

with that of anchovy thought to have been environmentally induced (Roy et at. 2007). 

The year 2000 stands out in terms of acoustic data outputs (Figures 2.9 and 2.10). 

Unfortunately, no demersal surveys were conducted in 2000. In that year particularly high 

levels of recruitment and unusually large abundances of recruits on the west coast were 

observed (Hutchings et at. 2009). Anchovy recruitment in 2000 was also extremely high, and 

during the summer of 1999/2000 the entire South African west coast, from Hondeklip Bay to 

Cape Point, was influenced by two unusual, large scale oceanographic events (Roy et at. 

2001, van der Lingen and Huggett 2003, van der Lingen et at. 2006, Howard et at. 2007, 

Hutchings et at. 2009). These events have been implicated in the high levels of successful 

recruitment and may also have impacted horse mackerel recruitment (Roy et at. 2001, van der 

Lingen and Huggett 2003, van der Lingen et at. 2006, Howard et at. 2007, Hutchings et al. 

2009). 

Initially, a period of warming occurred in mid-December, lasting two weeks, followed by a 

period of intense cooling, lasting from mid to late summer (Roy et at. 2001, Howard et al. 

2007). The initial warming event was caused by a lull in the typical mid-December winds that 

promote upwelling events, bringing warm water close to the coast (Roy et al. 2001). 

Following this, weather conditions favouring upwelling returned, particularly oscillating 

pressure systems inland and offshore in the south east Atlantic, triggering the critical south 

easterly winds (Hutchings et al 1998, Roy et at. 2001, van der Lingen et at. 2006). From 

November 1999 to April 2000, 12 intense upwelling events were recorded, with the initial 

upwelling lasting for an uninterrupted 20 days (Roy et at. 2001). This combination of events 

may have influenced phytoplankton production and pelagic fish recruitment (Roy et al. 

2001). The lack of strong offshore currents during the warming period would have meant 

reduced egg and larval losses offshore and increased the number of eggs and larvae 

transported from the south coast spawning areas to the west coast nursery area by the jet 

current (Roy et al. 2001). The cooling period that followed, as a result of intense upwelling, 

would have increased food availability that would favour growth and reduce mortality of 

pelagic recruits (Hutchings et al. 1998, Roy et at. 2001, van der Lingen et al. 2006, Howard 

et al. 2007). 
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The highest anchovy recruitment in 16 years as well as unusually high sardine recruitment in 

that year was attributed to both these large scale oceanographic events (Roy et ai. 2001, van 

der Lingen and Huggett 2003, van der Lingen et al. 2006, Howard et al. 2007, Hutchings et 

al. 2009). However, other factors, not only those effecting egg and larval survival, influence 

recruitment, because no such event has been recorded since 2000 and yet anchovy 

recruitment success has remained high (van der Lingen et al. 2006). It is possible that the 

particularly successful recruitment of horse mackerel in 2000 (Figures 2.9 and 2.10) is as a 

result of the same oceanographic events and, similarly, high recruitment has continued from 

2000 to 2010 (except May 2002). This is evident from the number of recruits «10cm TL) 

recorded in the acoustic length frequency data (Table 2.1) and supported by reports of a 20% 

increase in horse mackerel abundance over the last five years, mainly attributed to good 

recruitment (Furman and Butterworth 2011). It is possible that longer term environmental 

fluctuations may have influenced horse mackerel recruitment, such as, a slight upward trend 

in upwelling-favourable winds recorded on the west coast over the period 1980-2007 

(Hutchings et al. 2009). The extensive spread of horse mackerel recruits across the Agulhas 

Bank in 2009 and 2010 (Appendices 1 and 2), and the continued large numbers of recruits 

caught as by-catch in the west coast pelagic fishery, seem to indicate the existence of strong 

year classes in 2010 and 2011. Following two strong year classes of horse mackerel in the 

1950s, eight years of heavy fishing occurred before the stock collapsed (Geldenhuys 1973). 

Based on this historical evidence, horse mackerel is expected to be abundant for the next few 

years. 

Following an analysis of various pelagic species in the southern Benguela, Branch et al. 

(1987) found that most species appear to have periodic outbreaks of successful recruitment, 

upon which a fishery is often based for a number of years. This appeared to happen to horse 

mackerel in the late 1940s and appears very likely again now in the early 201 Os. Such 

fluctuations are common, and fish stock collapses frequently follow heavy fishing of strong 

year classes (Branch et al. 1987, Barange et al. 2009). Population numbers are unstable and 

unpredictable over time, particularly in pelagic populations in upwelling areas, and inter­

annual variability in small pelagic fish biomass is characteristic of the southern Benguela and 

other upwelling systems (Branch et al. 1987, Crawford 1987, van der Lingen et al. 2006, 

Anderson and Lucas 2008, Barange et al. 2009, Checkley et al. 2009). Population 

fluctuations in small pelagics occurred prior to large-scale fishing. This is an indication that 

major fluctuations are as a result of environmental influences, and no single factor or event is 
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responsible for determining year class strength (Huggett et al. 2003). This emphasizes the 

complexity involved in understanding the causes of variability in small pelagic fish 

populations. This variability, particularly in small pelagic populations, has been recorded 

worldwide, is often decadal and associated with longer term and larger scale changes in 

environmental variability (van der Lingen et at. 2006, Coetzee et al. 2008). 

Horse mackerel still show a clear eastward shift with age, as described by Barange et al. 

(1998). In addition, the current study has identified the presence of a small adult population 

in the St. Helena Bay area on the west coast, and shown that the extent of south coast 

recruitment is much greater than previously thought. 
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Chapter 3: The reproductive ecology of horse mackerel 
Trachurus capensis in the southern Benguela 

Abstract 

The reproductive ecology of horse mackerel was analysed on a temporal basis using egg and 

larval abundance measures from the SARP line from 1995 to 2011 and horse mackerel 

gonads from biological samples collected on the EAB. The gonads were analysed using two 

different techniques: a GSI analysis and the Walsh gonad staging maturity scale. The 

spawning strategy of horse mackerel is similar to that of anchovy and sardine, with spawning 

occurring across the Agulhas Bank and primary recruitment occurring on the west coast. The 

main spawning season of horse mackerel is in winter (June to August), with a secondary peak 

in summer (December), with simultaneous spawning occurring across the Agulhas Bank. The 

three techniques for determining spawning seasonality (ichthyoplankton data, GSI analyses 

and the Walsh scale) were evaluated in terms of accuracy and appropriateness. The 

ichthyoplankton data and the GSI analysis complemented each other, with similar spawning 

seasonality results, and the advantages and disadvantages of using each of these methods was 

discussed further. The Walsh scale showed different spawning seasonality results to the other 

two methods. It proved inappropriate and inaccurate for reproductively staging Cape horse 

mackerel based on the inability to macroscopically distinguish between stages during 

spawning and recovery. Future work should use models to investigate links between 

environmental conditions, spawning seasonality and recruitment strength. 
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Introduction 

In addition to examining spatial aspects olhol'sc mack~rd's lif~ hi>lory strategy (such as si/e 

specific dimibution paltems), t~mporJI aspects (such as >pilwning S<'J>Ollillity) should also he 

as,~,sed, The lif~ history strategic> 01 small pelagic species >uch as anchovy (Engraulis 

encra"icolu,,) and sardin~ (SarJinop,I' sagax) in the soll1hern Benguela arc wdl unUersioOlL 

and this will bt, briefly described to provide a conte.xt for horse milckerel. [n these >pecie>. 

spawning OCC\ll'> across the eastern (EAB), central (CAB) and western (V,rAB) Agulhas Rank 

near th~ continental shelf edge (Jiil!.ure },1) (llll1chings <'I al. 2002, van del' Lingen am! 

Huggcn 2003, Hutching> e/ ai, 2009), Sardin~ also spawn oiT the W~Sl coast. The wat~r on 

th~ south coast is more iavourable for quick cgl!. am! larval devdopment compared 10 the cold 

west coast (Hugl!.etl e/ ai, 200}), and this minimises th~ chances of el!.gs and ian'ac falling 

prey to Olh~r 'p~ci~s (HuggClt el al. 20(3)- lh~ eggs and larvae remain on the l1\shor~ edge of 

th~ main CUIT~nt and those caught in the currCl\l itself are swept olTthe contin..:nta[ shelf by 

advection and ar..: lost to starvation or predation (Figure },I) (Hutchings e/ al 19n.2002. 
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20(9). Eggs spa,,"ed On Ihe CAB alld EI\B tClld to he rClained On the south ~O"SI (e'~~t or 

Cape Agulhas), whcrea~ those spawned 011 the W'AI'l arc transported lMmhward~ 10 the west 

coast nurscl'Y area by a fast-flowing jet cmrcnt (Figure 3.1) (I'loyd alld Nelson 199~. Huggett 

"I ,,/. 19~9, 2003, Mullon e/ "'- ~003, \1illcr "I "I. 201161. \lost of (h~ ~ggs r~m"in onshore 

and ollce they have developcd inlO larvac they swim inshorc. The nursery arCa occurs along 

the food-abundant west coast from thc Orallgc Rivcl' mouth to Cape Columbinc (hgUl'c 3,1) 

(llechl 19'1{1, ~aish el al. 1991. Ilutchings C£ al. 1992. lJarange er ai, 1998. Iluggett el al. 

2003, Lehodey er al. 20(6), Surviving larvac dcvelop illto recmils there and move ill shore 

and southward, with age. l'ctul'lling to the Agulhas lJank a, adult fish (llutching, el al. 1992. 

iJarange e/ al. 1998, llutching, er al. 1998. 11uggett ('I al. 2(03), Primary l'ecmitment occurs 

along th~ west coast. As a conscquenc~, successful recru itment and popui ation size of pelagic 

sj)\!cks rely On the passivc transport of CJrly life stages from thc spawllillg grounds ,no th~ 

Agulhas Uank to mll's~ry grounds on the Wt~t coast (Hutchillgs cr al. 1992. Ual'angc el al. 

1998. Royd and Nelson 1998. l!uggett el al. 1998. [[u(chings er al. 1998. Huggett e/ ,,/, 21)OJ, 

Mullon el ,,/. ~0(l3, \'"n der J.ing~n and Huggdt 2003, Milkr el at 2QO(j). Given th"t horS<' 

mackerel juveniles are found primarily on the we,t coast (see Chapter 2. Figul'c 11)), whereas 

adullS "r~ found prim"r;i)' on the south coast, the li fe historJ strategy of this ,pecies appears 

to he similar to those of the small pelagic fish, 

rhe jet currcnt pIa}' s an illstrumental role in tTaIl'poning th~ e"rly Ii Ii: ~t"g~s 0 I' pdagic fish 

from the spJWllillg to the nursery grounds. paniculariy in ~umm~L As a r~sulL " rese"rch 

pnlgramm~ known as (he S"rdine "nd AndHw)' Recruitment Progr"mme (S~"RP) was 

designcd to mca.~ure within-~eason \'arimions in ~gg "nd larval abund'nlCt m that current. and 

also to determine the faclOr, affcding recruitment or ~omm~r~iaI1Y-lInport"nt spt'cies in the 

southern Uenguda, specifically sardllle and anchovy (HllggCU"1 al. 19YHl. SARP initially 

comprised monthly SUl'V~ys conductcd in sprillg (October March). durillg which a grid of 

stations hetween Cap~ Agulhas and Capo: Columbin~ wa~ surveyed (p"inling d al. I 99l\). 

Ailtr two years 199311994 (SARP I) and 19')411995 (SARP Jl) of such samplillg it be~ame 

dcar that mOre fre'luent .,ampiing was requircd m order to ,,<:cur<tlely ii.>r~c"sl r~<:ruitment . 

and weekly sampling of ichthyo plankton along a Imnsect crossing thc jet CUTTCllt (Figure 3,~) 

wa, mitialed (Huggett cl ai, 1998), These ,\Il'veys have improved our understallding of life 

hislory "}' c le~ of pelagic spe~i~s (h"t ar~ rdum( on (he pas,iv~ transport of ,pa\\-lling products 

from the spawning ground onlhc Agulhas Hank 10 the nursery gnlund On (h~ wc~( coaSI (v"n 

del' l.ingen and Huggett 2003. ~Iillel' et al. 20(6)' S,\RI' samples colle<:ted o\'er th~ period 
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I \195 to 201l] show that a , mall llumocr of horse mackerel eggs and larvae are rounu along 

Ih" SARI' li ne all y~ar round. with Iwo major spawning [It'riod,. when eggs ar" mo,t 

ahundant, from May to August anJ Ocloher to January. "hereas larvae are mO, l allllndmt 

rrom June to October (Figmc 3.3) (Grotc 201l5). 
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month fronl th o SA RP !i n ... "ndin~ from 1995·1(103 (G mt. 100~). 
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Mo>t hll\,s~ ma~kerel >p~wlling lu.kes plu.ce off>hore across the CAll and WAI3, rollowing th~ 

wesl ward> mi gra\il'n lIr m aLUr~ i ndi\·idllals Ii-om ili~ EAB (Kerstan and Leslie I '.I~4, Bamnge 

"' at 1998). Howe,cr. 'pawmng ha~ abo he~n reC<lnl~u al a lower in\enslt) on lhe F,\R 

(lJecht 19')(1, KerSlJJl JJld Lesli ~ 1 ')')4, BJ.[JJlg~ eI al. 1 'l'J8, Anlln_ 2004). lndi\'idual-based 

mr>dd> (IRMs) Cl'upled wilh u. hydrndynanllc nwdd ",I' physical ocean ~ha\'aclef1Slic, l,f the 

~oulh~rn Rcngueb reglOn, ,ueh 'IS temperatllre anu Clln-enl dir~c~on and ,dl><.:i(y, can be 

u~ed 1<1 track the m""em~nt <11' partick, thnlllgh 'pace and lime anu ddennine lmnsp<1rl 

~",xcs, or particlcs_ n::pre,enlin~ li,h eU" li-mn the Aglllha, Rank nmlhward, 10 the wesl 

coaq (Parada Gl at. :O()3)_ ~lUdie, u,in~ IR\b I'or ancho,y and sardine ,how that egg~ 

spm\11~d 10 th~ cast ol'Capc A~ulhas have a reduced probahi lity <1l'heing lransported 1<1 the 

\\eSl coast (Huggett el ul. ZOO], Parada <'I ul. 20(3), hut me rdained On the south coa~l and 

de,dop into recmil, in nur~cry area, there (I'i~ure -'_I) (Hechl 1990, Rarange ~I a/. )998_ 

Hutchings el al. 2002, \1iller er al. 20(6). 

Horse maek~rd 'pawllln~ not <1n ly .. aries spatially acroSS the Agulhas llank, which r~sull' in 

1\\<1 r~eruilmenl areas, hllt abo temporally. Although spawning occurs across the Agulha, 

Hank all year round, previous studies have suggested that there are temporal dillerenees in 

peuk 'pa\\mng li me~ helween the WAH and EAR (Heehl 1990, l\a i,h 1991, Ker~tan and 

I.eslie 1994.). P~ak ~pawning on the LAll is thought to occur in June and November (Hecht 

1990). whereas On the c,\ll and WAll spawning occurs between August alld I'ebruw:y (Naish 

\99 1. K~r'lan and ,-.,~ \ie 1'I'J4)_ 

The S,\RP i~hthyopJallkl on >urvey datil u.pp"al' tl' be reliable indicators 01' spa\>,ning 

scasonality luI' >[JCcies thu.t >pa\\'n ovel' th~ WAll u.nd (ll> a lc>ser exteUl) the CAB, but not for 

thosc spawning further cast (van der Lingen and lluggert 20(3). As a result, an alternative 

method l,f determining spa\\·ning seusolJ;llity is needed for the EAB. Ikcausc this area is 

(k'mil\lll~d by lal'g~, mature 1",I'>c ma~kerel, un appropl'iale m~llll'd or dckrmining spawning 

,eaS<lnallly lhere wOlilu he to u~e Jata on gonad nmtllnt} and/or gonad mas~ (Ker,tan and 

l,e~l ie )994, Ker~lan 1995, An<1n 2()()4). Monitoring th~ changes in gonad ~tate and mass, 1n 

relation to body mass, over a year for male and female fish will enable identification of peak 

>pawnlllg perillus ol'lhh Ii-om the LAR Th~s~ dala Can then be cl'mpareu 10 those ol'JJccht 

(199{1) ror horse l1lackerel caught oil Port Elizabeth during the period 1'.167-1'.175 (i'igure 

3.4). 
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I' igu r< .1.4: M on thl ) <hongos in gONa d ma,>Jbnd) rna" (0/, ) fol' rem.k and male h"'-<e III ac~el'e l 

"ullec ttd f rum I'"" [ liL.bOlh OM the .oulll 00,1 (oos!. ."no,,-, indie.l< ,p.wni,,~ poo k , lad.ptod from 
lI orhlI9%). 

Previous >!Lldies ofrcprOOlLcti\'C eClllllg: ol'ho",~ ma~kerd h"v~ shown lhallhe 'c~ ralio of 

Ihis species is e'enl) di,;lribLlleu ( I , I), and Ihat maturation ralc' ami mean length at age arC 

sirnilJr in male and female fish (GeJdcnhuys 1973, Ikcht 1990. Kerstan and L~sh~ 1994. 

Kcrstall 1995). fhe different stages in the reproductive cycle of the Atlantic horse ma~k~rcl 

(trachurIIs trachurlls), from immalLlre to the end of spawning, have recentl: be~1l d~>crilJt,d 

\Ising the \Valsh SCJlc. The \IiJj,h SCJk. (figure 3.5 and Table 3.1), assigns a standardised 

malurit} ';lagc, h3S~U on lh" macroscopic appearance and texture of lhe gonads. Jnd gi\'es 

guidelines regarding their size relating to the body cavity of the fish (lCES 2(08). There are 

ntLm~f()lIS macros<;0p'c m3tur;ty scales lIsed by <.liffacnt institutes for diffcrent species 

worl<.lwidc. The \Valsh sea le is a st3ndardised maturity seale and the longest establ ished. 

having be~n Il,~d jilT lhe lasl 17 y~"rs (.·\uklanu and Ninnc,; lOO·" ICES 200S). This ,cal~ 

theT~lilrc bcilitalc, as';lgning a gonad maturilj' ,;\age 1" ea~h lish al lh~ time or caplure. The 

Walsh scak has six stages for males and females, each representing a stage within th~ 

rcpH><.lucti,~ cydc (hgurc 3.5) (ICES 20(8). 
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When the sex of a young fish is determined but its gonads are undeveloped it is considered 

immature (Stage 1, Figure 3.5). It remains classified as immature until it develops its gonads 

to join the reproductive cycle for the first time, at which point it is considered mature (Stage 2 

and 3, Figure 3.5) (ICES 2008). Upon spawning, an individual releases a batch of eggs or 

sperm (Stage 4, Figure 3.5). Because horse mackerel are indeterminate spawners, they spawn 

several times during the reproductive season (Abaunza et al. 2003) and switch between 

Stages 4 and 5 (Figure 3.5). When all batches of eggs or sperm have been spawned in a 

particular season (Stage 6, Figure 3.5), the fish will start a new production cycle where the 

gonads go through a recovery process in preparation for the next spawning season (Stage 2, 

Figure 3.5) (ICES 2008). Once an individual has matured and spawned it will never return to 

an immature state (Stage 1, Figure 3.5) (ICES 2008). 

The aim of this chapter was to examine the temporal patterns in spawning of horse mackerel 

on the Agulhas Bank in recent years and to compare the results to previous findings. 

Differences in spawning seasonality were analysed by comparing the WAB and EAB. 

Spawning seasonality of horse mackerel on the W AB was assessed using recent SARP data 

and was compared to previous SARP data analyses from 1995 to 2003 (Grote 2005). On the 

EAB spawning seasonality was assessed using gonad stage and gonad mass data collected 

during 2011, and those were compared to past analyses conducted by Hecht (1990). The 

macroscopic horse mackerel Walsh maturity gonad staging index for Atlantic horse mackerel 

(T. trachurus) was used to test the appropriateness of using this scale for Cape horse 

mackerel. The different methods of determining spawning seasonality (eggs, mass and 

staging) are compared and discussed in order to determine whether horse mackerel spawning 

seasonality has changed. Spatial and temporal changes in spawning strategy have been 

recorded in other pelagic species such as anchovy and sardine in the past (van der Lingen et 

al. 2006), therefore a similar change in spawning seasonality might be expected for horse 

mackerel. 
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Methods 

Data on the abundance of eggs and larvae of Cape horse mackerel in ichthyoplankton 

samples collected along the SARP monitoring line were used to determine spawning 

seasonality of this species on the W AB. Samples have been collected at a series of stations 

along a transect of the north-westerly flowing southern Benguela jet current (Figure 3.2) 

(Huggett et al. 1998, Grote 2005). The transect consisted of 20 stations, each 3nmiles apart, 

beginning with station 1 closest to shore 0[[ Slangkop Point and extending 58nmiles offshore 

to station 20 (Figure 3.2) (Huggett et al. 1998, Grote 2005). Stations 1-14 were routinely 

sampled whereas stations 15-20 were only occasionally sampled. At times, sampling at 

certain stations was not carried out because of bad weather conditions (Huggett et al. 1998, 

Grote 2005). One sampling year extended from August to July the following year. Samples 

were collected by various vessels including: F.R.S. Africana, F.R.S. Algoa, R.S. Sardinops, 

M.F.V. Osprey, R.V. Ecklonia and R.V. Dr. FridtjofNansen. Samples were collected using a 

mini-bongo net (200-300~m mesh, 0.025m2 mouth area) that was lowered into the water to 

sampling depth (70m at station 1, ±90m for all other stations), and then retrieved at a speed of 

I-2m per second, while the vessel steamed at 2 knots (Grote 2005). A flow meter attached to 

the bongo net was used to determine the amount of water filtered. Samples were preserved in 

a 5% formaldehyde solution buffered with seawater and fish eggs and larvae were identified 

and counted under the light microscope. Data were standardised to a mean number of eggs 

and larvae per m2 of sea surface per month. A previous assessment of horse mackerel egg 

abundance along the SARP line for the period 1995 to 2003 was conducted by Grote (2005), 

and the results presented here use data collected over the period from 2004 to June 2011. 

Spawning seasonality of horse mackerel on the EAB was assessed by collecting biological 

data from fish sampled from commercial catches. A total of 2289 fish from 27 trawls was 

collected and analysed (Figure 3.6). Most (75%) of the samples were obtained from the F. V 

Desert Diamond, and the remaining samples were obtained from other vessels, including 

Sister's Viking, the Marretjie and the St. Blaize. Samples were collected approximately every 

three days during fishing trips and over the period from June to December 2011. Fish were 

frozen on board following capture and thawed just prior to analysis, which usually took place 

2 weeks to 1 month later. Analysis included measurements of total length (TL mm) (the 

length from tip of the snout to the tip of the longer lobe of the caudal fin), fork length (FL 

mm) (the length from the tip of the snout to the end of the middle caudal fin rays), wet body 

mass (WBM g) (measured to the nearest O.lg), sex, gonad mass (g) (measured to the nearest 
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O,Olg) and gonad stag~, from 1 to 6 (kl~rll1ined using lhe W~lsh scale (Jablc 3,1). Lcngth 

and mass m~asur~m~nIS w~r~ us~d to ~ak\11Jte the overall lcngth-mass rclalionshlp 

separately for males and I",m~ks, n;,pr~senl~d by the cxponenti~l equ~tion \\'=a.l ", (where \1,' 

~ WB,,! of lish (g), L - TL 01' fish (mm), a = 12.846 g,mm-" and h - 0.00<J3, R' - 0.9494) 

(Appendix 7). (jonad m~SS ~nd WRM data w~re us~d to c~kulme the gonadosomatic ind~x or 

GS] (CiSI = 19onad mass (g) i (WBM (g)]. Monlhly GSl values were arcsine transformed to 

normalise the residu~ls ~nd the level or v"nalion within c~ch month w~s represcnt~d as 

standard en-ur. A Ilhough ~JkulJtion of GS] usually incorporates a stomach m~ss teml (OSl -

[gonad maSS (g) i (WBM (g) - sloma~h I11~SS (glll. as WJS used by Hecht (19'l{1), th is was nol 

possibk in this study becJuse of time constraints. 

Latitude 34 
(OS) 

36 

3R 

Biological Sample 
Locations 

LongitudcCE) 

J 

Fi~u r< 3.6; A mar of th o Soul~ Afric.n south coa,t ,howin~ the 10"tiOn> oft"",,!, from "hieh ho .... 
mack..-d "ere take. fO! ' hioJo~jc.J a .. ly,e, collccted on l~ e ,'a,tOrM "nd e •• "al Agulha, Ihnk from 
,Iun. to f) , cem h..- 20 11 , 

Gonad stage data wcrc g~lh ~reJ using lh~ WJlsh s~Jk, This m~eroscopic method of gonad 

classilication lS suhj ~ctiw, JnJ as a result its ohj ectivity and accuracy were assessed by 

~Jlculat ing the average pcrc~nmge error (APF) klw~~n inJ~p<:ndent readelO (e ither 3 or 4) 

on s~kded s:Jmpks every 1110nth from July to Novcmber (Test 1-5). This was Jon~ to 
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ddermine whether certain gonad stages wer~ commol1ly over- or ll!lder-~slimated. Ri()h)gi~al 

u~la w~re ~oll~~t~d with the help of OAFF s1aff. 

Results 

Car"" h<.)[1Ce ma~kerel eggs were recordlOd 

~gg atlllllrullK;e was octween 15 and 22 

along thc SARP lil1e all V~~l' rolll1U, Meiln monlhly . . 
eggs per m' of sea surface Irom J~ml~ry to May 

(Figllr~ 3.7a), and Ihis increa~ed sli:;htly jl1 JUl1e and p~~ed in J"ly ,Vilh om "y~r~ge or 943 

~ggs per m" hcing recorded. Eg:;s rem~jned "bUl1u"nt ill A"g,,~l. S~pl~ml>l'r and Od()OCr, 

I(,]h)\\,eu by a suuden drop during l\ovembel'. The mean monthly egg <Ib,Uld;I!l~e <Ipp~ars 10 

il1cre;ose ~g"in m f)e~emhcr, with 70 cggs per Ill' of sea surfacc (fig"rc 3.7~). from l]-.."se 

data it appears that h()rs~ mJcJ.:ercl >pawn in autumn and winter. particu larly ],, ]y to OClOhcr. 

\\'i1h an apparen1 s],ort ~nd less il1tense sr~wn i ng pc"k O~~Unill ~ in ~ummcr (Lkcemocl') 

(Figure 3.7J). 

Fewcl' brvae comp~reu to ~ggs were rc~()rd~d, but t],ey 100 were prcsent all ye~r roll!1U 

(Fi:;\Il'e 3,7b), Aver"g~ monthly ahlUldan~cs of 3- 12 larvae per m' or seil surf"ce were 

observed from \joy~mocr l() Ma) (Fig"re 3.7b). and larval ahul1dance peaked Ii-om .lllllC j(' 

OctohCl', \\'i1h the high~st abundanc~~ heiflg re~()rdeJ in August. November ~Ild rebw~ry 

"pp~ar to havc the lowest aver~:;e num]""r oj" l~rvJ.~ ()f "II the monlh~ (2 larvae per m' sea 

surfacc) (Fi:;ure 3, 7h) , 

(_)J()% (h) 100] 
• 

". 

I I 
• 

, 

fi~u .. .1 ,7: Thr a>cr~gc (±S IlJ "".,her of hOl"" m"ck ... l (.) .~~, a.d (b) l.rYa. ,.c[)rded pet no' of ,"a 
,u,-f"c. pCl' mon1h f)"Om SAltP dota [)v.,- l~ ' ped'Kl 19')5 10 Jun. 201 1. Nu,n~cr ol' eggs .n~ lon'ae 
plu11.d "" log ,<.Ie.<. 
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lhe fish sampled for biological analyses rang~d from 206mm to ..\79mm TL. and the majority 

of thes~ Were 260-3--\Ornm TL (Appendix H) and weigh~d betw~m 97g and I 121g. Of the 

2 2H9 fish sampled. 2 211 could be assig.ncd a sex based on the state of the gonads. Of these. 

I I &i were female and 1045 ",ere male resul t]n~ in a s~x ratio of r~males to males of t ],12 

(Xl = 12,59. df= I. p>0,05). 

The al'erag.e monthly US] of maks and females followed a similar patwrn (figure 3.8). with 

hishest US] \'alu~s record~d in June 201 1. with an a .. wag~ proportion (±SE) of 0,15 (0.001) 

and 0.17 (0,005) for femaks and males respectively (figure 3.8). GSI d~cr~ased in July. 

irn;r~asi ng again sllghlly in August before st~adil y d~creasing mOlllhly to a minimum in 

October JilT lemale, and November for males (Fisure J,S). In [)ecemb~r (iSI values increa,e 

once more (figure J .H l. It is diilicult to determin~ diffc('~nces in monthly US] vaJues because 

of the larg~ degree of varia bi lity (f igure 3. H) (males (f = --\7 AO. df, = 6, df, = 103 S. p<().OI) 

and fernal"s (F - 16. I 4, dfl = 6, di2 = 1159. p<().OI). 
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.\kdwn monthly gonad st;lg~s sbow~d a similar p;lttem for male and female fish (figure 3.9), 

r~m;lining at swg~ 2 thwughoutthe y~Jr for both sexes apart from female fish in Ikcemb~r 

(figure 3.9). In Octoher th~ 25% quartile illdicat~s ;1 lower gonad stage (01= 1) than the 

previous months (QI =2) followed hy a high-s gonad stage indicJt~d by th~ 75% ljuartik for 

:-lnvcmher (Q3=2.75) and December (Q3=3) for males (Figur~ 3.9J). For f~malcs, fwm Jul} 

to Octob~r a low 25~';' quurtik was r~cordcd (()J=l) follow~d by an increus~ in toc 75% 

'l tLmlik (Q3- 3) ant.! ~ mmked i\lcr~~s~ In th~ m~dian g()\l~t.! 'tag~ In Decemher (Figur~ 3.%). 

a) _ Male 

0 

, 
n=148 " 2G3 " '" n ~ 327 n=133 n=10 n=24 
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Discussion 

The spawning seasonality derived from SARP data collected between 1995 and 2011 (Figure 

3.7) has not changed from that derived from data collected between 1995 to 2003 (Figure 3.3) 

(Grote 2005). Peak spawning occurs primarily in winter (June to October), followed by a 

secondary peak in late spring-early summer (December). The indeterminate batch spawning 

strategy exhibited by horse mackerel accounted for the presence of eggs and larvae along the 

SARP line all year round (Figure 3.7) (Hecht 1990, Kerstan and Leslie 1994, Barange et al. 

1998). These results differ slightly from previous studies, which identified main spawning 

seasons from May to August and October to January (Figure 3.7) (Hecht 1990, Naish 1991, 

Kerstan and Leslie 1994). This difference may be a reflection of recent changes in spawning 

seasonality, however there is no strong evidence to suggest this. Instead the difference is most 

likely as a result of better assessment of the process as the data extended 16 years, whereas 

previous studies only extended one year (Hecht 1990), seven non-consecutive months (Naish 

1991). 

The GSI values of fish from the EAB from June to December 2011 (Figure 3.8) were largest 

from June to August, followed by a decrease in October and November and an increase in 

December. These high GSI values are similar to those derived from GSI analyses performed 

by Hecht (1990) (Figure 3.4), which showed highest GSI values in June-July and again in 

November for fish caught in the vicinity of Port Elizabeth on the EAB. Comparing the 

ichthyoplankton and GSI data shows that peak spawning appears to occur simultaneously 

across the W AB, and EAB. This contradicts some previous studies, which suggested 

temporal differences in spawning across the Agulhas Bank, with peak spawning on the W AB 

and EAB respectively occurring in February and August and June and November (Kerstan 

and Leslie 1994). 

Spawning seasonality from the Walsh gonad maturity scale shows little indication of 

spawning during winter, from June to August, but an increasing trend in gonad stage in 

November and December (Figure 3.9). During this time, on average, females had matured 

sufficiently to reach the spawning stage (Stage 4), whereas males were still in the gonad 

maturation stages (Stages 2 and 3) (Figure 3.9). Because of the subjectivity of this technique, 

one might expect an improvement over time in the observer's ability to detect differences 

between gonad stages as defined by the Walsh scale. This is a possible explanation for the 

consistently similar gonad stages observed from June to October, and the increase in average 
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gonad stage towards the end of the assessment in late spring and summer during November 

and December (Figure 3.9). However, APE tests reveal no difference in the average gonad 

stage according to observers between the five tests (Figure 3.10). Instead the APE associated 

with each of those tests ranged between 3.4% and 14.5%, with no particular order of 

decreasing percentage error with increasing number of tests, as one might expect (Figure 

3.10). APE results from mesenteric fat staging of anchovy and sardine in the southern 

Benguela respectively ranged between 5.1 % and 23.5% and 9.4% and 22.8% (van der Lingen 

and Hutchings 2005). Even with these APE values, the fat-staging technique was considered 

accurate (van der Lingen and Hutchings 2005). The APE values from fat-staging of anchovy 

and sardine are much larger than those from gonad staging in this study, so the Walsh scale 

could be regarded as an accurate. However, the maturity scale does not match the GSI data at 

the beginning of the assessment (June to October), and only provides similar results towards 

the end (November and December). 

Macroscopic evaluations of gonad maturity are advantageous because they are quick, 

inexpensive and, can easily be performed in the field. This is unlike histological methods 

which are used to determine fish maturity by counting the number of eggs and sperm ready to 

be released from the gonad. Although potentially more accurate, histological methods are 

much more limited in their application as they take much longer to process a sample, must be 

conducted on fresh gonads or those preserved in 4% buffered formalin solution, and cannot 

be conducted on frozen samples (ICES 2008, Costa 2009). A detailed comparison of 

macroscopic and microscopic staging of gonads of Atlantic horse mackerel (T trachurus) can 

be found in Costa (2009). The GSI method appears to be more accurate than the Walsh scale, 

possibly because GSI values are continuous rather than discrete values (Stages 1-6), as in the 

Walsh scale. However, the GSI technique is limited in that it is a relative measure of maturity 

that is fairly meaningless in isolation and, as a result, requires information on the maturity of 

other individuals in the population on an annual scale in order to provide perspective (Costa 

2009). Consequently, there are benefits to using a macroscopic maturity scale that can 

provide meaningful results almost instantly. However, as macroscopic maturity staging is less 

accurate than the preferred histological method, it would be ideal to incorporate a certain 

level of histology for validation purposes (Costa 2009, ICES 2008). This was not done in this 

study. 

Because of the need to validate the gonad staging, the same gonads used in the GSI analyses 

were staged using the Walsh scale. Consequently the same trends in spawning seasonality 
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between the OSI output and the Walsh scale output were expected. However, the Walsh scale 

results (Figure 3.9) were mostly different from the OSI (Figure 3.8) and SARP data (Figure 

3.7) results. The latter data sets complemented each other and the results were similar to 

previous reports of spawning seasonality (Hecht 1990, Naish 1991, Kerstan and Leslie 1994, 

Orote 2005). It is possible that, because horse mackerel are indeterminate batch spawners, 

macroscopic analysis is unable to identifY gonad stages accurately and, as a result, maturity 

stages are incorrectly assigned because of the subjectivity of the measure (ICES 2008, Costa 

2009). 

It is also possible that the Walsh scale proved inaccurate not because of an inherent flaw in 

the measure itself, but rather because of the loss of quality and difficulty associated with 

correctly staging thawed gonads. It is likely that, with fresh material and more experienced 

observers the accuracy of the method could improve, although the results of the APE tests do 

not show that percentage error decreases with observer experience (Figure 3.10). A previous 

study on horse mackerel (T. trachurus) from Portugal, where gonads were preserved in 4% 

buffered formalin solution prior to being staged, showed that the Walsh maturity scale is 

inappropriate for correctly assigning maturity stages (ICES 2008, Costa 2009). In that study 

(Costa 2009), macroscopic results were compared to histological analyses, which showed that 

the highest percentage of errors in macroscopic identification was between late ripening 

(underestimated stage 3) and partly spent stages (over-estimated stage 5) in fish >30cm TL. 

More than 50% of horse mackerel >30cm TL were incorrectly assigned to maturity stages, 

but fish <15cm TL were all correctly assigned to a gonad stage (Costa 2009). Based on these 

results and the fact that no fish <15cm TL were analysed in this study, it can be assumed that 

about half of the gonads in this analysis were staged incorrectly. For this reason the Walsh 

scale is not recommended and is considered inappropriate and inaccurate in determining 

gonad maturity and spawning seasonality of Cape horse mackerel, particularly considering 

the method was validated using two other reliable methods of determining spawning 

seasonali ty. 

In contrast, data from the SARP programme appear to be reliable for determining spawning 

seasonality for species that utilise the jet current to transport their eggs from the spawning to 

the nursery areas. Therefore, it is a good technique for sampling eggs spawned on the W AB, 

but not those spawned on the CAB and EAB, as eggs spawned in these areas are retained on 

the south coast (Hecht 1990, Huggett et al. 2003). The mini-bongo net is effective at catching 

eggs and small larvae but not large ones, which are strong swimmers and are able to avoid the 
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net (Huggett et al. 2003). In the past, SARP data have shown promise as potential predictors 

of anchovy recruitment (van der Lingen and Huggett 2003), and although the SARP 

programme is costly to run on a consistent basis, it is beneficial in providing data on all 

pelagic species, including commercially-important sardine, anchovy and red eye, which rely 

on passive transport of their early life stages to nursery areas on the west coast (Huggett et al. 

2003). Consequently, data from the SARP line remain the best means of determining 

spawning seasonality of pelagic fish that spawn on the W AB. 

Samples along the SARP line are collected from 70m-depth to the surface at station 1 and 

from ± 90m to the surface at all other stations (Huggett et al. 2003). The appropriateness of 

the sampling depth for accurate sampling of horse mackerel eggs is debatable as it is possible 

that eggs are found deeper than this, as adult fish are known to occur down to 400m (Barange 

et al. 1998, Anon. 2004). However, adults tend to become pelagic and move onshore to 

shallow water prior to spawning (Barange et al. 1998). Studies on the vertical distribution 

patterns of eggs of small pelagic species (anchovy, sardine and red-eye) on the WAB indicate 

that these eggs are mainly distributed between the surface and 80m-depth (Dopolo et al. 

2005). Little is known about the vertical distribution of horse mackerel eggs and larvae in the 

southern Benguela. Studies in the northern Benguela have shown that, whereas eggs can be 

found down to 200m depth, their abundance declines rapidly below 60m-depth (Ekau and 

Verheye 2005). Similarly, whereas eggs of Atlantic horse mackerel (T. trachurus) can be 

found down to 200m, they are found predominantly in the upper 50m (Coombs et al. 2001). 

Hence, sampling along the SARP line is probably appropriate for horse mackerel eggs, as has 

been shown for hake (Merluccius spp), which are deeply distributed but most of their eggs 

are in the upper 90m (Grote et al. 2007). 

Previous studies have shown that spawning season, spawning area and environmental factors 

have a major impact on spawning success, transport and mortality of the early life stages of 

pelagic species, such as anchovy and sardine (Huggett et al. 2003, Mullon et al. 2003, Miller 

et al. 2006, Coetzee et al. 2008), and this likely applies to horse mackerel. Cape horse 

mackerel appears to be a robust species within the southern Benguela, mainly as a result of an 

expansive temporal and spatial spawning strategy and adaptation to the environmental 

conditions and circulation patterns in the region (Hutchings et al. 1998, 2002, Huggett et al. 

2003). Prolonged and recurrent spawning periods have made early life stages of horse 

mackerel more resilient to characteristic variability in south-easterly winds in mid-summer 

that increase upwelling (Hutchings et al. 1998, Huggett et al. 2003, Miller et al. 2006). Peak 
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spawning times, from June to August and December, occur when upwelling intensity and 

offshore Ekman drift is at a minimum, decreasing offshore losses by advection and 

optimising transport of spawning products to the west coast. During the periods of intense 

upwelling from late spring (September to November) to early autumn (March to May), young 

horse mackerel would have the ability to vertically migrate to avoid being forced offshore by 

water in the Ekman layer (Mullon et al. 2003, van der Lingen and Huggett 2003). 

The ability to compensate for variability in the transport of eggs from spawning to nursery 

grounds, mainly through high fecundity and a protracted spawning season, is considered to be 

among the primary determinants of anchovy recruitment success (Hutchings et al. 1998, 

Mullon et al. 2003). This is also likely to apply to horse mackerel, which have a similar 

spawning strategy. Having two differently-located nursery areas, on the west and south coast, 

optimizes reproductive potential of horse mackerel and enables it to withstand the 

unpredictable conditions characteristic of the southern Benguela (Miller et al. 2006, Coetzee 

el al. 2008). The separation of recruitment areas from areas where adults normally reside is 

also likely to considerably reduce cannibalism of early life stages by adults (Hutchings et al. 

1998). Predation of eggs and larvae by adult pelagic fish on the Agulhas Bank during summer 

is believed to be substantial (Hutchings et al. 2009), and the high predation on the Agulhas 

Bank will be a contributing factor to the reduced number of recruits on the south coast in 

comparison to the west coast (Hutchings et al. 2009). 

Shifts in the main spawning areas have occurred in other species in the past, such as anchovy 

and sardine (Roy et al. 2007, Coetzee et al. 2008), and it is possible that horse mackerel also 

may have shown a shift in their spatial spawning pattern. Although this study did not examine 

spatial patterns of egg distribution, no temporal shift in spawning season of this species has 

been observed since 1995, according to results from the SARP data. There is no difference in 

spawning seasonality inferred from GSI data between the late 1960s and early 1970s (Hecht 

1990) and the data from this study (June to December 2011), with major peaks occurring 

from June to August and December across the full extent of the Agulhas Bank. However, the 

GSI time series collected in this study is short (seven months) and does not cover a full year. 

Consequently, this sampling should be continued for the next few years. 

67 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 4: Conclusions 
The information resulting from this study has improved our understanding of horse mackerel 

life history strategy, particularly with regard to distribution patterns by size. It is clear that the 

size-specific distribution proposed by Barange et al. (1998), holds in general, but with two 

important differences. Of particular interest is the evidence of an adult population on the west 

coast in St. Helena Bay, which was previously thought to no longer exist following heavy 

fishing pressure in the 1950s. Also not emphasized by Barange et al. (1998) was the extent of 

south coast recruitment. Although the west coast remains the primary nursery area, this study 

showed an increasing occurrence of south coast recruits, which implies that recruitment on 

the south coast may not be as insignificant as once thought or has possibly increased in recent 

years. 

Spawning occurs across the Agulhas Bank primarily in winter, (June to August), with a 

secondary peak in summer (December). Similarly Barange et al. (1998) proposed spawning 

periods from May to August and October to January. Eggs spawned on the WAB and, 

possibly, some from the CAB are transported to the primary nursery area on the west coast by 

the jet current. The results suggest that the eggs spawned on the CAB and EAB are 

presumably retained on the south coast, whereas, Barange et al. (1998) assumed that eggs 

spawned on the CAB would end up on the west coast, however there is no strong evidence 

for either hypothesis. Recruits, whether from the south coast or west coast, join older fish 

offshore on the Agulhas Bank. 

The hypothesised life history strategy proposed by Barange et al. (1998) (Figure 1.3) and the 

new information resulting from this study have been synthesised into a new model of the life 

history strategy of horse mackerel in the Southern Benguela (Figure 4.1). There is evidence 

of an adult population in St. Helena Bay on the west coast, implying that not all recruits from 

the west coast return to the Agulhas Bank. Large fish (> 1 Ocm TL) are common across the 

Agulhas Bank, with the larger size classes (>20cm TL) often found further east, emphasizing 

the eastward shift with age (Figure 4.1). 

A longer term data set of gonad maturity stage and GSI would have been beneficial in the 

analysis of spawning seasonality. Trying to determine spawning seasonality from only seven 

months of GSI data is difficult, even though the two spawning peaks previously reported fell 

within the six month period of this analysis. In addition, otoliths should be collected during 

biological sampling, because this enables age determination and estimation of age-at-maturity 
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and size-at-maturity (Kirchner et al. 2010). This would not only provide valuable information 

on age of fish but also allow for the calculation of a growth curve, as done in previous studies 

(Hecht 1990, Naish et al. 1991). The growth curve can be calculated without age data but 

requires a sample to be representative of all length classes of the fish. As only large 

individuals from the EAB were collected in this study, a growth curve could not be 

calculated. 
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Figure 4.1: A simplified model of the life history strategy of horse mackerel T. capensis in the southern 
Benguela updated and adapted from Barange et al. (1998). WAB, CAB and EAB = western, central and 
eastern Agulhas Bank respectively and WC = west coast (separated by lines). Main changes from life 
history proposed by Barange et aJ. (1998) emphasized in red circles. 

Ideally, histological analyses should also have been done on the fish gonads to better validate 

gonad staging using the Walsh scale. Unfortunately, time constraints hindered this. Histology 

would have required fresh samples, which were not obtainable because most samples were 

obtained from fishing vessels whose normal procedure involves prompt freezing of catch to 

maintain the quality of the fish. It is likely that the quality of the biological samples was a 

contributing factor to the poor results obtained for spawning seasonality from the Walsh scale 

method. However, similar problems have been reported when using this scale on non-frozen 

gonads (ICES 2008). In future a comparison should be made to determine the difference in 

spawning seasonality outcomes from staging of frozen samples vs. fresh ones using the 

Walsh scale. This would be a good indication of whether the scale is generally inappropriate 
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for use on Cape horse mackerel or whether it's efficacy depends on whether the sample is 

frozen or not. 

Spawning seasonality and maturation data (such as GSI analyses) and data from 

ichthyoplankton surveys (such as the SARP line) are used in fishery stock assessments, egg 

production methods and to gain insight into the maturation cycles of certain species (ICES 

2008, Costa 2009). However, forecasting recruitment from spawning seasonality and 

maturation measurements is particularly difficult, and relationships between recruitment 

success and environmental variables are notoriously unreliable (Huggett et al. 2003). This 

emphasizes the need for supplementary tools, such as IBMs coupled with hydrodynamic 

models of the region, to explore and determine the processes affecting horse mackerel 

recruitment, as has been done for other small pelagic fish species, such as sardine and 

anchovy (Huggett et al. 2003, Mullon et al. 2003, Parada et al. 2003, van der Lingen and 

Huggett 2003, Miller et al. 2006). Future research should also focus on horizontal egg 

distributions, using data from CUFES and CalVET net samples collected during the annual 

November spawner biomass surveys, as performed by Kuntz (2011), and vertically in the 

water column, as done for anchovy and sardine by Dopolo et al. (2005). 

It is particularly uncommon, for a pelagic species, like the horse mackerel currently being 

caught as both adults and juveniles by three different fishing industries, to be so abundant. 

Following two strong year classes of horse mackerel in the 1950s, eight years of heavy 

fishing followed. During this period, most of the adult population on the west coast were 

thought to have been fished out, after which the stock collapsed. Based on these past 

observations, and the occurrence of two strong year classes in 2010 and 2011 (Chapter 2), it 

is hypothesized that horse mackerel are likely to be abundant for the next few years. 

Increased abundance has already caused problems within the fishing industry and will need 

improved understanding to manage appropriately. The presence of large fish on the west 

coast is a positive sign that the adult population was not completely fished out of this area in 

the past. High juvenile abundance on the west coast means potentially high by-catch by the 

pelagic fishery there. Horse mackerel bycatch should be kept to a minimum to enable the 

population on the south coast, targeted by the mid-water trawl fishery, to develop. 
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Appendix 

App£nd ix I: The annual dislrl bution of]w rse mackerel along the South A Ii-lean ~oast 

~ccording to si"e class from 1997-20 10, Data de ri\'~ d from :\Iay recru it and 
"I (l\'ember spawner biomass acoustic smye), d~la. Size classes: <9. 9cm. 10-
19,9cm, 20-29.9cm and· 3Ckm TL 

Aplletldh 2' An inkrpretalion of II...., annual d ist rihut ions of horse ma~kere1 along the South 

Afri~an co~st a~Cllrdinj; to size class from 1997-20 10 shown in Appendix ] , Data 
derived fro m .'vlay recruit and 1\00'ember spawner biomass acoustic survey data. 

" pp~nll ix 3: The annual length freq uene) distrihutions of horse mackerel from the r-.1ay 
Recruit and ~ovember "pawner hiomass S\lr\eys f!'Om 1997-20 I 0 

AllPfntJix --l : An interpretation of the annual length frequenc, di,trihulion or horse mackerd 

from the :\Iay Recruit and Novemocr ,'p~" n~r hiomass sut'Veys f!'Om 1997-201 0 
shown in Appendix 3. 

Apllcndix 5: The ann Llal distrihution and ahundance of horse mackerel along the South 
African ~o""st hy si / e class from 1984-201 ] according to ])em~ rsal survey data. 
llni IS - no. 0 l"lish per nmi' , Size classes: <9.9, I 0-19.'). 20-29,9 and> 3 Oem ' j L. 

Appendix 6: An imerp t'Ctation of the annual J istrihution anJ ahundan~" ofh(l[se mackerel 
alonf', the South African co,,-,t by si"" class rrom1984-2011 accordin~ to 

Demersal surv~y data shown in Appendix 5. 

ApPfnd ix 7: The overall l~ng th w~ight rei ationsilip of horse mackere l samples coliecleJ 
from the eastern Agulhas Bank Irom June to December 201 1. 

l\PI'cndix 8: nle length freqncnc)' distriblltion of horse mack~re l sampks Clllle~ted Irom the 
eastern /\gulha., Rank Ii-om June 10 [)~cember 2011, 
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AI'[><ndh !: Tho onnuo! di"rihutinn of ~"n. mad ..... ! alon~ Ih. S,jUlh Ar,-ic"" co",1 ",cordi"~ '" , iLO 
<la" frum 1997_2010_ nalO derh'od fm .. Vh}' ,-.croi, and ~o,..mh.r _'I'",,"or bi"m." "cu",li,- . un<}' 
1101 •. Sizo <1o,,,,,, <~ . 9"",, 11) I Q,9c",_ 211 ·29.9,'m and +30cm TL, 
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"'rroud;' 2: Au in'tTpTe,.,io" of 'h < """",,1 dt" .. ib\ll;OIlS of hOT>t, ",.e~e,'d "long the SO,"" Afrimu 
(Qa,' "et-onling 10 ,t" c,"" fl'O"' 199~-2010 .no"" in Appendi< L Dat, dech'<d fe"", M..- .. o<roil "uoJ 
No, ."'~tT '1''''' "eo- hi".,"", o(ou,ti( ,un'c<' d",,,_ 

1997 

Output haset! OIl 78 trawls (45 from the Ma~' rccruit survey ant! 33 from thc ::--.Iowmocr 
spawner biumass surycy), J'ish ill the <9,9cm T1. sIZe class dominated the mean length of lish 
caught with vcry kw data poinls lilT Ilsh Ihmlthe 20-29,9cm 'IL and >30cm T1. siz~ clas>,:s. 
Larger fish located uncxpected ly on the "esl coast just olTshurc of St. Hclena lla~'. 

''''" Oulput b<lsed un 140 trawls (101 rrom the \iay r~enlit stLrv~y <lnd 39 Ii-om thc l\'oycmocr 
spawner biomass surycy).l'ish in the <9.9cm TI. si~,e cbss dumin<lted the mean length oflish 
caught. High dCllSi1y oeCUITenc~,; 01' lish li'om size classes <9.<Jem T1. and 10-19,9~m TL 

,,~'" lilllnd "ilhin <lnd just olIshore of St. Helena Bay on th~ "esl ~ua,>t. \Vith 20·29,9cm 'IL 

lish uc~urring on Ihc CAll and lish of >30em TL (Kcurring on the CAIJ as wdl as furth~r 
~<I'>t thi, distribution is close to what is typicall~' e~pecled , 

I\N9 

OutPUI hased un 169 tm"ls (113 from thc May recruit smvey and 56 from the .~oy~mber 
spa" ne r biomass survcy). l'ish in th~ <9-')cm '1'1. si/e cbss dominated the mean l~rlgth of lish 

caught and the o~currence of this size class werc round throughoulthe "esl wast as well as 
some areas inshore on th~ south coa~t. This could"" ,een as evit!~n~t that som~ bays on the 
south coast wcre importalll nur",ry arC<I'> lor hor"~ m<lckerel rccruils ill 1999. Individuals or 
si/e class 20-29,9~m TL were loumi ~~wss the Agulhas arld larg~r individuals furtl"'r ea~l 
ofl"hore n~ar Port ElinJ->eth a, ~ ~p"elet!. 

2000 
Output based on 314 trawls 1 19~ Ii-om tl", ~lay r~cnLlI survty and 116 from th~ .~ovember 

spawncr hiomass suney), ~ i or~ e~lensive s:unpling was pelfonned this year than all previous 
y~ar, alld a more even spread of size class OCC\llT("nces w~re rceorded apart Irom I; ,h 0("20-

29.9cm TL. 'I his output repr~s~nts "hat IS lypical1~' expected ul lhe horse ma~kerel 

distrihution. Th~re arc e~tcnsiv~ nursery <lreas lor 11sh <9.9cm TL on Ihe wesl coast ami some 

10 <I iess.:r extent on the south coasl. ir.Jividuals or IO-19.'km T1. "ere luund tu ~Xl~nd 
furlher offshore to thc shell' edg~, much rurtlkr olTshor~ than wh<ll is typic<llly expcded uf 
lhis size dass, Larger illdiyiduals of > 30cm TL dominated thc EAR. 

2001 
OUlput bas~d on 220 trawls (1 42 from the May recrnit survey arlt! n l'Tom tl", I\uvember 

spawner bioma,s survey), This year .,hows a distnhulion that is lypically expected, There 
were large conc~ntrations of indiyiduals <9,gem TL and I 0-19.gem TL ju,t oil SL Heleml 
Ray. I ,arger individuals duminated the EAR 

2002 
Output based on 165 tra"ls (123 from the May recruit survey ami 42 Ii-om thc l\oycmocr 
sp;!"ner biomass sury~y).l'ish in thc <9.9cm TL size class domirlatcd [hc m~an length o("lish 
caught OIl th~ west coast. Individuals or IO-I'J.gem 'IL Were ti)unt! ~xlensiv~ ly on [he south 
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coasl and 10 a ksser eXlent on th~ ,,,cst coa~1. InJividuals of20-29.9cm TL ,vere onl) found 
on Ih~ CAU with very few larger fi~h being recorded. 

2003 
Uutput based on 248 trawls (124 from lhe May recrUlI ~urvey and 124 Irom Ihe ~O\-emht;r 
spawn~r bioma8s ~lII'\"ey), Fish <9.9cm TL dominated the ,,,e8t coaSI iUld WAR. fish from 
IO·19,\.Icm 'IL and 20·29,9cm TL occurr~d on the CAll and EAll A~ with 2002 very few 
larger fi~h wer~ recorded, 

2004 
Uutput based on 327 traVv'b (l9') Il'Om the May recruil ~ur\'ey and 128 Irom Ihl' /--;ll\'ember 
spawner biomass survey). fish <9,9clll TL dominawd th~ m~an length offish caught on tll.; 

we81 ~0"81 v,; Ih unex pec ledly SOme ",.:curring high On Ihl' FA Il f-"ish I 0-19. 9~m TI _ dominale 
the WAR and C AR al~o wilh a small ~omponenl occurring high on Ihe EAR. Individuab 20-

2\.1,9cmlL mainly OCC\ll'S on the CAU '"ith larger individnals mainly on the EAU and on tll.; 
8hdf edge of the CA R. 

2005 
Output ba8cU on 238 trawls (177 from the May recruil sun'ey and 82 Irom the November 
spawnl'r biomass survey), Fish <9,9cm TL dominate down th~ west coast as expected but 

exll'nd nllKh furlher eaSI than I'xp~cted onto '1'-',\13 and CAU and further to :Vlossel Uay and 
Port Elizalxlh. Onlhl' CAB individuals of IO-19.9cm '1'[. "crc found inshorl' whercas 20-
29,9clll TL fish werl' ~llumed ollshorl'. h~h >3 lkm TI, "CrC not rl'corded a8 a ml'an lenglh "t 
any ol'lh.:: sample slalions, 

2006 
OUlpul based on 3.10 trawls (177 from Ill.; :>.lay recruil survey and 153 from Ihe t-;o\'Cmber 

~p""'T1er bioma~s surwy). Fish <9.gem TJ, dominate lhe I'nlirc coastlme On bOlh the we->t ,md 
sooth coast diminishing in OCC\ll'r~llCe on the EAU. I he;;c smaller indi vidnals were also found 

to occur on th~ shelf cdgl' of th~ CAU. They have not been recorded in this arca prior to Ihis 
ycar wilhin thc range oflhe Aeouslic surveys from 1997. Very few larger individuals 01'20-
2\.1,9cm lL and '·3Ocm J L were r~cord~d. 

2007 
Ulilput based on 273 trawls (227 from th~ :\1ay recruit s\ll'vey and 46 from the 010wlllber 

spawner biomass survey). Fish of <\J,'lcm TL dominate the w~st coast and occnr on WAU 
and EAIl as far as P"n Elizabeth and Port Alfred, Fish of \O-19cm lL ,wre fonnd 10 
dominate Ihc inshor~ areas of Ill.; \\'AIJ and CAIJ and also occ!ll'r~d off Pon Elizabeth, 010 
large individuals w~re found but some of 20-29,<)cm TL lICcurred offshore on the EA13 and 
on lhe ~hell' edge orlhe WAil ,md CAll, 

200S 
Uutput ba;;cd on 107 tmwls (32 from Ihe May recru it su rvey 'md 75 fwm the 010Wlllbcr 
spawn~r biomass survey), VeD' rev,' o~currenc~s of horse mackerel compared 10 previou8 
y~ars, howev~r this may nOI be an indicatioll of popnlation decline but simply due 10 rl'dnC\'d 
sampling imensity. fish of <9,9cm J L dominm~ th~ west coast whik Ihcre were a f~w 
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occurr~nces of fish of 10-1 9.9cm TL offshore on the CAB. fish of20-29.9cm I L w~rc found 
offshore on the CALI, and around Pmt Fli/.aheth on the EAR. Fish :>~Oem TI. were not 
recorded as a mean icnp.th at an} of the ,ample stations. 

2009 
Output bas~d on 170 trawls (89 from the -"lay recruit suryey and ~I from th~ l\ovemher 
~pawner hiomas~ surve}). Fish of <:9.9<:m "1"1. dominate the west coa;;L in<;hore on the WAR 

and hoth inshore and olhhore on the CAB. Indi\"idLials 0[· I 0-19.9~m TL only appem in,oore 

along the sollth coast. Individuals of 20-29.9cm "1"1. were found on the FAR near Port 
Flvabeth. onshore on the CAR and ,urpn , ingly olbhore on the west co~,t. Fish >3Ocm TL 
were not recorded ~s a mean length at any of the ,amplc stalions. 

2010 
Output ha'oed Oll 313 trawls (121 from the 'via) recruit surve} and 193 from the l\o\emhcr 
spa\\ ner hiomass suney). Fish <9.9cm TL dominatc (he \\C,t coasl but their occurrence here 
is more patchy than usual whi le they dominate the WAB and CAB from inshore to shelf 
edge. Indi,idual~ of IO-19.'km"l"1- were fmlnd in~hore alonp. the ,oulh coast ,\lith a large 

grouping mid->hclf on the (" AR Fi~h o{"20-29.9cm wcrc lilUnd in,hore and ~he lf cdgc on lh,· 
FAR while larger indi\iduals were found in;;hore on the !CAll illshore near Port Alfred. 
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Appendi, J: The annual length frcq"cncy di,t,-i!>",i"., IIf hlln,e m.d,e r< 1 frum 'he ~1a) Recruir and 
:"-memher ,p ...... ..- biomass ,"r ... )" frum 1~9~·211 1O. 
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Appendix 4: An interpretation of the annual length frequency distribution of horse mackerel from the 
May Recruit and November spawner biomass surveys from 1997-2010 shown in Appendix 3. 

1997 

May: Very few fish> 11 cm TL were found and these were concentrated in stratum E (W AB) 

and of the size range 25-31cm TL. Small individuals <llcm TL dominated strata A to E 

(west coast southwards up to and including the WAB) but were absent from stratum F (CAB) 
and eastwards. 

Nov: Fish from 26-38cm TL dominate stratum A (upper west coast north of Cape 

Columbine) with just over 16 million fish of 33cm TL within the stratum. Strata B (lower 
west coast between Cape Town and Cape Columbine) and E (EAB) were completely absent 

of fish. Stratum C (W AB) was dominated by fish <6cm TL. Fish of 4cm TL were present in 
the greatest numbers of any size class across all stratum reaching just over 70 million fish for 

stratum C. Stratum D (CAB) dominated by fish from 15-20cm TL, just over 1.5 million fish 
of 18cm TL recorded within the stratum. 

1998 

May: Fish were absent from stratum I (far EAB near Port Elizabeth and Port Alfred). Fish 

<lOcm TL were the most abundant followed by fish of 10-16cm TL, 20-25cm TL and then 
25-35cm TL. Strata A to E (west coast up to and including the WAB) are dominated by 

individuals <16cm TL. Strata F, G and H (CAB and EAB) dominated by fish> 15cm TL but 
particularly fish >20cm TL. 

Nov: Strata A and B (west coast) were absent of any fish whereas fish of <15cm TL 

dominated stratum C (WAB). Stratum D (CAB) had over 30 million fish of <6cm TL, this 

suggests strong evidence of nursery areas on the south coast. Also within stratum D less than 

5 million fish of 10-20cm TL were recorded. Stratum E (EAB) had an abundance (~700 000 

fish) of fish 50cm TL and stratum F (far EAB) had a range of size classes, 35-50cm TL, 
greatest of which was 43cm TL with an abundance of ~ 5 500000 fish. 

1999 

~ay: Strata A-D only had fish of <9cm TL, the maximum was recorded in stratum A (high 
west coast) and C (west coast around St. Helena Bay) of ~ 100 million fish of 6cm TL and 

8cm TL recorded within each stratum. Stratum E (WAB) had some small fish <6cm TL but 
most fish were 22-35cm TL (maximum ~ 8 million fish of 24cm TL). Strata F, G and H 

(CAB and EAB) only had fish >15cm TL with the average length frequency increasing 
eastwards. 

Nov: No fish were recorded in strata A and B (west coast up to Cape Point) or F (far EAB). 
Fish of 6-36cm TL were recorded in strata C, D and E (W AB, CAB and EAB) with the 
average length frequency increasing eastwards. 

2000 
May: Strata A and B (high west coast) only had fish <6cm TL while some slightly larger 

individuals were found further south in stratum C near St. Helena Bay. Stratum D (south west 
coast) and E (W AB) had mostly recruits of <1 Ocm TL in high abundance of just less than 1 
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billion fish recorded within the stratum. The CAB comprising stratum F and G had a large 

size range (6-S4cm TL) with strata H and I (EAB) with mainly larger individuals of>30cm 
TL and a few < 1 Ocm TL. 

Nov: Strata A, Band C (west coast and W AB) only had fish of < 1 Ocm TL. Stratum D (CAB) 

had a range of sizes mostly 1 0-IScm TL with the greatest abundance of almost 600 million 
fish of 14cm TL recorded within this stratum. Stratum E (EAB) had fish of30-40cm TL. 

2001 

May: Stratum A and B (upper west coast) and stratum D (from Cape Columbine to Cape 
Point) only had fish <1Ocm TL. Stratum C (west coast around St. Helena Bay) had 
individuals of up to 20cm TL, much larger than the surrounding west coast strata. Stratum E 

(W AB had individuals up to 16cm TL but the majority were <12cm TL. Stratum F (CAB) 

has a large size range of 10-31 cm TL, but the maj ority were 13 -18cm TL. Strata G and H 
(CAB and EAB) has some larger individuals of up to 3Scm TL but mainly 12-20cm TL. No 
fish were recorded on the far EAB in stratum I. 

Nov: Stratum A (west coast up to Cape Columbine) only had individuals <10cm TL whilst 
stratum B (Cape Columbine to Cape Point) was absent of fish. Stratum C (W AB) had a range 

of sizes from IS-34cm TL length, while the CAB (stratum D) had a small range of IS-2Scm 

TL. Stratum E (EAB) had larger individuals of up to 48cm TL but the majority were 16-22cm 
TL. 

2002 

May: Along the entire west coast up to Cape Point (strata A-D) only individuals of <1 Ocm 
TL were recorded. From strata E-I (entire Agulhas Bank) individuals of 10-2Scm TL were 

recorded with an increase in average length frequency moving eastwards. There were very 
few large individuals recorded across all strata compared to size classes <2Scm TL. 

Nov: Strata A-C (west coast and WAB) only had individuals <1 Ocm TL, whilst stratum D 
(CAB) had fish of IS-3Scm TL the majority of which were 16-22cm TL. Stratum E (EAB) 

had some small individuals <1 Ocm TL, suggesting the presence of south coast nursery areas 

otherwise the majority of fish in this stratum were IS-2Scm TL. Overall mainly fish of 
<10cm TL with a maximum abundance of ~ 800 million were recorded overall across all 
strata. 

2003 

May: Strata A and B (upper west coast) only had individuals of <llcm TL with strata C and 
D (lower west coast) with slightly larger individuals of <13cm TL but mainly <1 Ocm TL. 
Stratum I (far EAB) was completely absent offish while strata G and H (CAB and EAB) had 
individuals larger than IScm TL mainly IS-2Scm TL. 

Nov: Strata A-D (west coast up to and including CAB) were dominated by individuals 
<10cm TL while stratum E (EAB) had individuals <1 Scm and 22-28cm TL. Overall small 
fish of <1 Ocm TL dominated with abundances of ~ just under I.S billion fish of Scm TL 

recorded overall and ~ 1 billion fish for size classes 4cm TL, 6cm TL and 7 cm TL recorded 
overall. This is the greatest abundance of recruits recorded since surveying began in 1997. 
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2004 
May: Strata A-D (west coast up to Cape Point) was dominated by fish <llcm TL. Stratum E 

(WAB) had fish up to 20cm TL but these were mainly llcm TL. Stratum F (CAB) had fish 
of 8-2Scm TL the majority of which were 8cm TL. Strata G and H (CAB and EAB) only had 

fish> 1 Ocm TL of approximately 10cm TL and 2Scm TL. Stratum I (far EAB) only had 

individuals> 3Scm TL. 
Nov: Strata A and C (west coast and the WAB) dominated by individuals <1 Ocm TL while 

stratum B (Cape Columbine to Cape Point) was completely absent of all fish. Stratum D 

(CAB) had a large size range of 6-40cm TL but the majority were 10-20cm TL. Stratum E 
(EAB) individuals of 19cm TL and 20cm TL dominate. In stratum F (far EAB), although 
minimal sampling was done here, individuals of <1 Ocm TL dominate. 

200S 
May: Strata A-E (west coast up to and including the WAB) was dominated by individuals 
<10cm TL. Stratum F (CAB) had a large range of size classes from 8-3Scm TL the majority 

of which were 20-2Scm TL. Stratum G (CAB) has individuals from 13-2Scm TL most of 

which are 13cm TL. Stratum H (EAB) had individuals of 15-2Scm TL the majority of which 

were 20cm TL while no fish were found in stratum I (far EAB). 

Nov: Individuals of <llcm TL dominate the entire coastline particularly strata A and B (west 
coast up to Cape Point). Small fish were particularly abundant this year with a total of ~ 1.8 
billion fish of Scm TL being recorded across all strata. 

2006 
May: Strata A-D (west coast up to Cape Point) only had fish <llcm TL while stratum E 

(W AB) had a greater size range of fish up to 2Scm TL with two main groupings of those 

<6cm TL and those IS-23cm TL. Strata F and G (CAB) had individuals ranging from 10-
24cm TL the majority of which were 12cm TL. Strata H and I (EAB) were completely absent 

offish. 
Nov: Strata A, C and D (west coast, W AB and CAB) were dominated by fish <1 Ocm TL 

while strata B (Cape Columbine to Cape Point) was completely absent of fish. Stratum E 

(EAB) had a few larger individuals of 2S-3Scm TL but the majority were <1 Ocm TL. 
Following high numbers of small fish recorded overall in 200S, in 2006 an equally high 

number of small fish were recorded the greatest was the Scm TL size class with ~ 1.8 billion 

fish recorded overall. 

2007 
May: In strata A-D (west coast up to Cape Point) only fish <1 Ocm TL were recorded while in 
strata E-H (entire Agulhas Bank) generally the fish were 6-20cm TL. In stratum I (far EAB) 
some individuals < 1 Ocm TL were recorded, this could suggest some south coast nursery areas 
in the area. Once again, for the third consecutive year, a large overall abundance of small 

individuals was recorded. A maximum of ~ 2 billion 4cm TL and Scm TL fish was recorded. 

This is the greatest number of recruits recorded in a single year to date. 
Nov: Only individuals <1Ocm TL were recorded in strata A and B (west coast up to Cape 
point) with maximum abundances occurring at approximately 6cm TL. In strata C (WAB) a 
large number of individuals of approximately 10cm TL were recorded. Very few fish were 
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recorded in strata D and E (CAB and EAB). In stratum F (far EAB) some individuals of 

<10cm IL were recorded. Overall surprisingly low abundances were recorded in the 

November survey compared to the May 2007 survey and considering the high recruitment 
from the previous 2 years. 

2008 

May: Strata A-E (west coast up to and including the WAB) was dominated by individuals 

<1Ocm IL. Strata F and G (CAB) had individuals of 14-22cm IL while strata H and I (EAB) 

were completely absent of fish. No fish larger than 22cm IL were recorded. 

Nov: In strata A, Band C (west coast and WAB) only fish <10cm IL were recorded. Stratum 

D (CAB) was completely absent of fish while in stratum E (EAB) some larger individuals of 
22-28cm IL were recorded. 

2009 

May: Strata A, B, C and E (west coast up to Cape Columbine and WAB) was dominated by 

individuals <1 Ocm IL while no fish were recorded in stratum D (Cape Columbine to Cape 

Point) or I (far EAB). In strata F and G (CAB) fish of 18-28cm IL were recorded while 

stratum H (EAB) had mostly small individuals <10cm IL but also some individuals of 14-

16cm IL. 

Nov: Stratum A, C and D (west coast, western and CAB) were dominated by fish of <1 Ocm 

IL, the greatest abundance of ~ 700 million fish of Scm IL were recorded in stratum A. 

Stratum B (Cape Columbine to Cape Point) was completely absent of fish while stratum E 

(EAB) had fish of mainly <IOcm IL there were a few larger fish of26cm IL and 41cm IL 

recorded. 

2010 

May: Strata A -D (west coast up to Cape Point) only had fish of < 1 Ocm IL, while stratum E 

and F (western and CAB) was also mainly fish <1 Ocm IL there were some larger individuals 

of up to 20cm IL recorded. Strata G and H (central and EAB) had fish of 10-2Scm IL and 

12-20cm IL respectively with some small fish <6cm IL recorded suggesting the presence of 

nursery areas on the south coast. Stratum I (far EAB) had a large abundance (~ 700 000 fish) 

of larger individuals of 49-S1 cm IL. 

Nov: Strata A-C (west coast and W AB) are dominated by fish of <1 Ocm IL. Stratum D 

(CAB) had fish of6-12cm IL while stratum E (EAB) had fish ranging 8-12cm IL and 22-

28cm IL. Overall fish of <llcm IL dominated with a maximum abundance of ~ 4 billion 

fish of 10cm IL being recorded overall across all strata. Ihis is the most recruits recorded to 
date and suggests the emergence of a strong year class. 

Composite 

May: Strata A-D (west coast to Cape Point) were dominated by individuals of <1 Ocm IL. 
Stratum C consistently has a slightly larger size range compared to the other west coast strata; 

this could be as a result oflarger fish occurring in and around St. Helena Bay. Strata E and F 

(western and CAB) had a larger range of sizes from 4-38cm IL but the majority of these are 

still <IOcm IL. Strata G, H and I (central and EAB) had the largest size range of3-S0cm IL 

with strata G and H consisting of fish mainly 12-24cm IL while stratum I is mostly fish of 
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34-42cm TL. 
No,:: Stratum A (wcst coast up to Cape Columbinc) ovcrall has two main size ranScs. 3-1 Ocm 
TL and 26-38cmlL /\lthough the maiorit~ ofthi, is fish oI-:IOcm TL the large size range 
could he mrributed to SL Hclena Hay that is ollen hahitat 10 brgeT fish. Slralum R (Cape 
Co]umhinc to Cape Poillt) is mainl)· indiv\duals Irom 3-9cm TL "hilc strJtum C and Ll 
(western and CAU) MVC slight!) larger size rangcs of3-12cm T1. 3nd 3-2J~m TI. 

respectively with an increase in the averag~ lellgth mo\'ing easlwards. Strat\lm E and F 
(cAB) have a much lar(l.cr si~e range with the majonly ol'individuals ofl-12cml Land 30-
.t&m lL 
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Appendix 6: An interpretation of the annual distribution and abundance of horse mackerel along the 
South African coast by size class from 1984-2011 according to Demersal survey data shown in Appendix 
5. 

1984 

No south coast samples were collected. Based on the west coast survey, no fish <10cm TL 

were recorded, fish of20-29.9cm TL and those >30cm TL were found along the length of the 
west coast in low concentrations of <1 000 fish per nmi2

• 

1985 
No south coast samples were collected. Based on the west coast samples collected no fish 

<10cm TL or 10-19.9cm TL were recorded. Fish from 20-29.9cm TL were recorded in small 

amounts on the west coast and WAB. Fish of>30cm TL dominate the WAB in abundances 
of about a maximum of 10 000 fish per nmi2

• 

1986 

Samples were collected along the entire coastline for the first time with sampling on the west 

coast being much less extensive than the south coast. No fish <10cm TL were recorded, this 
could be due to reduced sampling intensity on the west coast and the sampling was done 

offshore rather than inshore where the recruits are typically found. Fish of 10-19. 9cm TL fish 
were recorded inshore along the west coast and Agulhas Bank up to the mid-shelf on the 

CAB. 20-29.9cm TL fish occurred in highest densities on the CAB mid-shelf and fish> 30cm 
TL dominating the shelf edge of the CAB and EAB. 

1987 

No fish <1 Ocm TL were recorded. Fish of 10-19.9cm TL and 20-29.9cm TL were found in 
high densities along the west coast and W AB, with the latter occurring in highest densities on 

the CAB mid-shelf. Large fish of> 30cm TL were distributed further east on the CAB and 
EAB. 

1988 
Small fish <10cm TL and 10-19.9cm TL were recorded in low densities in St. Helena Bay on 

the west coast and inshore on the W AB. Fish of 20-29. 9cm TL were found on the W AB but 
particularly mid-shelf on the CAB, while fish >30cm TL were found in small numbers high 
up on the west coast, CAB off Mossel Bay but particularly on the EAB off Port Elizabeth. 

1989 

Very few small individuals <10cm TL were recorded on the shelf edge of the CAB, while 
fish of 10-19. 9cm TL were recorded in high densities on W AB particularly between False 
Bay and Cape Agulhas. Large fish of20-29.9cm TL and >30cm TL were found respectively 
inshore and mid-shelf on the CAB with both found in high densities on the EAB off Port 
Elizabeth. 

1990 

Very few individuals < 1 Ocm TL were recorded and they were mainly distributed on the CAB 

and EAB. Fish of 1 0-19.9cm TL were recorded in large densities on the west coast in St. 
Helena Bay and across the W AB, CAB (mid-shelf) and inshore on the EAB to a lesser extent. 
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20-29.9cm TL fish were found in high densities on the CAB mid-shelf and the western EAB. 

Large fish >30cm TL were found across the CAB but were recorded in greatest densities on 
the EAB off Port Elizabeth. 

1991 
Recruits <1 Ocm TL were found on the EAB, suggesting there were several bays on the south 

coast that were nursery areas for small fish. Fish of 10-19. 9cm TL were found inshore on the 

CAB and inshore off Port Elizabeth on the EAB. 20-29.9cm TL fish were found in large 

densities from inshore to shelf edge on the CAB and EAB. Large fish> 30cm TL were 
recorded in greatest densities on the EAB. 

1992 

Few individuals <1 Ocm TL recorded inshore on the south coast. Fish of 1 0-19.9cm TL were 

found inshore on the CAB in large densities. Fish of20-29.9cm TL were found across the full 
extent of the Agulhas Bank but were in greatest abundance on the W AB and CAB shelf edge. 

Larger fish> 30cm TL were found on the CAB but in particularly high densities on the EAB 
shelf edge. 

1993 

Small fish <1 Ocm TL distributed along the entire west coast up to 200m-depth and inshore on 
the south coast. Some individuals of 10-19.9cm TL were found in St. Helena Bay and inshore 

on the CAB and WAB. Some fish from 20-29.9cm TL were found offshore north on the west 
coast and on the WAB shelf edge. Large fish of>30cm TL were found in greatest densities 
on the EAB near Port Alfred. 

1994 
Small individuals <1 Ocm found north on the west coast near the Orange River, inshore along 

the entire Agulhas Bank and in low densities mid-shelf on the CAB. Fish of 1 0-19.9cm TL 

were recorded north on the west coast near the Orange River, inshore along the WAB and 
mid-shelf on the CAB. 20-29.9cm TL fish were recorded in greatest densities on the CAB 

mid-shelf. Large fish of>30cm TL were recorded in greatest densities on the CAB shelf 
edge. 

1995 
Small individuals <10cm TL were found in small densities inshore on the EAB. 10-19.9cm 
TL fish were recorded in greatest densities in St. Helena Bay on the west coast and inshore on 
the WAB. 20-29.9cm TL fish and >30cm TL fish were recorded in large densities on the west 
coast inshore and the CAB mid-shelf. 

1996 
Very few small fish <10cm TL were recorded occurring on the west coast near Cape 
Columbine. Fish of 10-19. 9cm TL were recorded mainly in same area and in lower densities 
in St. Helena Bay and north on the west coast. Fish of20-29.9cm TL were distributed on the 
EAB while larger fish were found in particularly high densities in St. Helena Bay on the west 
coast and on the CAB and EAB in lower densities. 
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1997 

Very few small individuals <10cm TL were found. 10-19.9cm fish were distributed inshore 

on the W AB and on the EAB near Port Elizabeth. Fish of 20-29.9cm TL were distributed on 
the west coast but were recorded in greatest densities on the CAB mid-shelf and the EAB 

near Port Elizabeth. Larger> 30cm TL fish were recorded on the EAB and on the west coast 

but were recorded in greatest densities on the CAB. 

1998 

No survey conducted. 

1999 
Very few small fish were recorded. Fish of 10-19.9 cm TL were recorded inshore on the 

WAB and CAB. Fish of20-29.9cm TL were found in patches of high density on the EAB. 

Large fish >30cm TL were recorded in patches of high density across the Agulhas Bank but 
most extensively on the EAB. 

2000 
No survey conducted. 

2001 

No west coast survey was conducted. Based on the south coast survey some small fish of 

<10cm TL were recorded on the EAB shelf edge. Fish of 10-19.9cm TL and 20-29.9cm TL 

were recorded in greatest densities on the CAB particularly on the mid-shelf. Large fish of 
> 30cm TL were recorded in greatest densities on the EAB. 

2002 
No south coast survey was conducted. Based on the west coast survey some small fish of 

<lOcm TL were found high on the west coast near the Orange River mouth and offshore on 
the W AB. Fish of 10-19. 9cm TL were found distributed inshore along the west coast and on 

the WAB. Fish of20-29.9cm TL and >30cm TL were recorded in greatest densities offshore 

on the WAB. 

2003 
Very few smaller fish were recorded. Fish of 10-19. 9cm TL were distributed on the CAB 
inshore in high densities. 20-29.9cm TL fish dominated the CAB particularly in the mid-shelf 

region and on the EAB near Port Elizabeth. Large fish of>30cm TL were recorded in 

greatest densities along the shelf edge of the W AB and EAB. 

2004 
Fish <10cm TL were found inshore on the CAB but particularly on the EAB between Mossel 

Bay and Port Elizabeth. This is the largest density of recruits recorded to date. 10-19. 9cm TL 
fish were recorded inshore on the WAB and CAB in large densities. Fish of20-29.9cm TL 
dominated the CAB offshore region with lower densities occurring on the EAB. Large fish 
> 30cm TL were recorded in greatest densities on the W AB shelf edge and the EAB. 

2005 
Low densities of small fish <1 Ocm TL were recorded offshore on the WAB. Fish of 10-
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19.9cm TL were recorded in high densities inshore from St. Helena Bay to Mossel Bay on the 
south coast. 20-29.9cm TL fish were recorded in greatest densities on the CAB both inshore 

and shelf edge. Large fish >30cm TL occurred across the Agulhas Bank but most densely on 
the EAB. 

2006 
Fish <1 Ocm TL were recorded in small numbers along the shelf edge from the west coast to 
Port Elizabeth on the EAB. Fish of 1 0-19.9cm TL were recorded in greatest densities from 

the west coast to Mossel Bay on the south coast particularly on the W AB. Fish of 20-29. 9cm 

TL dominated the CAB mid-shelf region. Large fish >30cm TL were recorded along the shelf 
edge on the W AB, CAB and EAB. 

2007 
Fish <1 Ocm TL were recorded on greatest densities inshore from St. Helena Bay on the west 
coast to Mossel Bay on the south coast particularly confined to a small area inshore on the 

CAB between Cape Agulhas and Mossel Bay. Fish from 10-19.9cm TL were recorded in 
equally large densities inshore and mid-shelf on the CAB. Fish from 20-29.9cm TL were 

recorded in the greatest densities mid-shelf and shelf edge on the CAB but were also 

distributed outside False Bay on the west coast and near Port Alfred on the EAB. Large fish 
were found on the EAB near Port Elizabeth but were recorded in greatest densities on the 
west coast between Cape Columbine and Cape Point. 

2008 
Small fish of <1 Ocm TL were found inshore on the CAB in low densities. Fish from 10-

19.9cm TL dominate the inshore regions of the CAB and EAB in high densities. Fish of 20-

29.9cm TL fish were mostly distributed mid-shelf and shelf edge on the CAB in large 
densities. Large fish >30cm TL were found on the shelf edge on the CAB but in greatest 
densities between Cape Columbine and Cape Point. 

2009 
Very few small fish < 1 Ocm TL were recorded with the greatest densities occurring on the 

shelf edge of the EAB. Fish of 10-19. 9cm TL were abundant inshore from the Orange River 
on the west coast to Mossel Bay on the south coast particularly between Cape Agulhas and 

Mossel Bay. Fish of20-29.9cm TL were recorded in greatest densities extensively across the 

W AB, CAB and EAB in high densities. Large fish> 30cm TL were found on the CAB and 
EAB shelf edge. 

2010 
Small fish < lOcm TL were recorded inshore on the west coast and the CAB and EAB. 10-
19.9cm TL fish were recorded inshore on the CAB in high densities and 20-29.9cm TL fish 

were found on the EAB off Port Elizabeth and in the eastern region of the CAB particularly 
inshore and shelf edge. Large fish >30cm TL were recorded in greatest densities along the 
shelf edge from the west coast to the CAB. 

2011 
Small fish <1 Ocm TL were recorded in very large densities from St. Helena Bay on the west 
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~O<lst 10 the EAB. A similar and but c\"~n mor~ ~xt~nsi ve pattern is seen for fish from I 0-
19.9cm TL which wer~ found inlargc dcnsitic~ along the fulllcng!h 01· the coastlin~. Fish of 
20-29.9cm n. were re~orded on the 1'./\8 ilnd CAB extending irom inshore 10 shelf ~dg;e rout 
particularly mid-she! f region Ver)-· low densities 0 [·lilrgc lish wer~ recorded. 
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Apf"'ndh 7: Tho '" ..-.11 I<ngth "Tig ht rel. tion, hip (Of lwr« maeke,'d , a",l'lo, collO<le<l from tho o. <f. ,'n 
AglIlll"' Rank fmm .Iu.o tu Docolllb,'r lUl l. 

W=a L " 

Wher~ 

W - ,,~ighl " I' li , h (g) 
L = length of lish (mm) 

a - 12.X,)()() 

b '- 0_009.' 

R' = O,Y406 

noo 

" '00 , , 
• • 
~ <ill 
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I IX) 300 ,~ 

Fish Length ImmTL) 

y = V_ Sq."""'" <> 
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