












Univ
ers

ity
 of

 C
ap

e T
ow

n
2 to 8 

1. 

1 

what 

context 

answer 

survey 

an 

v 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

structure 

mean III catch) 

'-LV'~UJCUU'H'-'v structure nr'.LVJ'U~HU,U'-,'-' curves. 

3 on 

a comrn 

to answer 

structure 

4 on 

structure 

structure IS assessed on 

are 

structure 

response to ",o."u"5' 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 structure of the 

a 

U"""""'"' et al. 

6 

UVUIJ.U coast 

are 

evenness, 

on 

IS 

7 on assessment 

curves 

curves are to coast 

w-

years, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

it structure 

8 a 

on 

context 

modelling on 

process 

IS 

two ways: 

as a 

to U"'JlH~JL5 

a 

zones. 

9 it 

to 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to assess 

structure. 



Univ
ers

ity
 of

 C
ap

e T
ow

n
1 

2 

2.1 

2.3 

2.4 

HUJLULJ'F> on 

UV.UU.HO,j.J.vC; structure 

2.2.2 sources. 

2.2.5 

1 

.3 

1 

2 mean 

1 

11 

v 

1 

the 

11 

23 

x 



Univ
ers

ity
 of

 C
ap

e T
ow

n

UVjLLHJ".a.~HAJ curves 

3 on 

3.1 

4 

structure 

1 

source 

structure 

5 structure 

5.1 

1 

rate 

5.3 

1 

rates 

97 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6 

1 

7 

7.1 

8 

1 

curves. 

an 

J.VJ.\JU<:;UC;U 1J1V~\Jl".~L<a.~ processes 

.. ",t"' ... £>nr>'''' state 

108 

108 

1 

1 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

1 

9 it 



Univ
ers

ity
 of

 C
ap

e T
ow

n

out for a as sources 

(2001) on 

use 

encompasses seas by 

economy. 

more as 

areas the total 

seas. 

turn 

commencement 

et 

an the number 

et 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

many to 

onenot'{DllC responses 

structure 

and 

or 

are many cases of some cases 

resource In 

resource 

status, 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

of 

a Inore 

et al. 

sea conv'erLtllon 

on 

IS as 

to 

are acronyms: 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

terms many 

by 

not come 

or 

4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

response to 

and thus 

sources 

source IS 

are IS 

surveys. 

surveys are 

assessment 

surveys IS assessment 

IS 

sources are 

ones. 

on 

assessment 

to on to on 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are some 

use 

we 

to 

consequences 

purpose 

same 

resource use or 

term 

4,5 6 IS to 

6 

are 

to 

et 

or IS 

not or cannot 

to 

on 

or 

is 

to as a 

III 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are ITDln 0>'., two ways: in terms 

and 

to some an 

on two case west 

coast 

'-A-VUUNHA and includes a 

as over uses mean 

structure 

are responses 

to of are 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

structure 

mean 

curves, 

covers IS 

surveys. 

It covers a 

structure IS 

some 

an 

to H"'U.u~E., sec:o]],Q as 

to an consequence of 

or as a same 

case study. 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

nand a 

this 

to the 

study can 

assessment 

an 

IS a.u.uvu. at 

structure of 

structure 

.LAO'''''''>'. at 

or 'vV.LJ.J.J.J.J. 

9 

west 

to 

-'-'OJlHJ.Jl", on 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 on 

data of .. Ull'-''-ll0 ..... 

years. 

more. 

to a major gap to 

mean 

pressure. 

ones 

of 

HOU".UE> pressure. 



Univ
ers

ity
 of

 C
ap

e T
ow

n
same resource 

many 

work 

11 

tons per annum or 

is 

pers.comm). 

the 

some 

are 

four 



Univ
ers

ity
 of

 C
ap

e T
ow

n

status 

pressure 

over 

(k-

over a 

as 

zones 

",",DoI"""'''' common to 

rel2:l0'IlS are TYr,p",,'nT: are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

terms 

current 

occurrence 

. Geelbek, on 

covers 

VUUA.U5 upon 

not 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 2_ 

",0 

~oo 

SOUTH AFRICA 

Effects of fi,hing P.!I thclincijsh spedes 

Kwa-Zulu 
Natal 

'O.~~oCo _"''-oo~_o_o~,','oc'_ooLoo .j---'------~ii:,-c-

Fij1,llrf' 2.1. lI-lnp of South J-\fricfl ~ho"~nR the four sub--rcRion< of the Cape. 

chan~eJ ~i~niticantly oy"r th" 100 rear period. Th"r" fire no indications that mean 

hook ~i7R. ha" ChflllR~'(1 ovcr timc. \Vhcn hoob decrcasc ill si7.c in a parLicuJnr 

>;ocLor, It i" u~uully uOlle to comr>!?n~ate for rloclining catch rates re..ulting from the 

remoyal of !arlSer fi"h, Thw; there wa" 110 renson to hdicve tlll1t hook ,i7.e hru; 

cflus~'(l the pfltt.ern~ o[ chmjRC~ reporLed ill Lhi~ dmpter; Oil Lhe cOllLrury, fi,ij!or~ 

lIlay im\'e cOlltilltLeri to l1~e larger hooks becau,,, of minimum size r"guJntion" for 

th" tfll'Reted ~f*ci,," fir"t illt.rorluc~'(l in l!llll and ~trellgLhclleU ill 19Sr;, 

The ,tudy i~ i""N OIl ollly species for which consbwnt long-term dflta fire 

flvailflole. Th",*, 12 mam lilldi"h "pecic" (see Tflble 2.1) nlll~illg ill melm lellgth 

[rom 2'1 - 01l cm. Tiw lille 1i~heJT c"Ld, reeonb for three of thes" Rl:><lCies (panga. 

chub mackerel a"u hake) ha"" hiAorically r-n conf01ll1d",,1 with tmwl and other 

fi"lwry r"""rd~ Th"rdore dntfl from these three sp:x:ie~ ha\'e bee" omiUc,J [rom the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

an 

sources 

were 

two 

were VUUo,J.HvU 

1900, 

at 

were 

the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et 

were 

returns owners 

on was 

are 

not 

were 

mean 

were mean 

at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was as 

sum 

were Hi'~H".\.Av'-' 

are not a new to the list 

are 

per 

to assess 

turn 



Univ
ers

ity
 of

 C
ap

e T
ow

n

measure was as it 

more to rare ones 

group-average 

to create 

and are In and 

mean 

was 

the mean 

all as 

or were ....,vuo.'-<,~~ 

to 

term. 

were as,Setlse<1 

mean of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

mean 

mean was ...,o,ivlUO,'''''u 

of year. 

=----

IS mean IS year IS 

of 

to mean 

"npf'It"" was 

as 

mean 

A 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on 

per 

to a mean of 

zero, 

zero. 

over 

was TA'"'''''' a t-test 

KH::lOlUUnanc:e curves 

structure was 

IS it up 

20 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to a 

as a 

and per 

were 

are 

to 

IS 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

argyrozona 

Whole 

3500 14000 

3000 Effort _ Total catch 12000 

10000 

8000 

6000 
"iii -4000 ~ 

2000 

0 

250 80 

• o Ave. size 70 
200 Da:I::o 60 

150 50 
"-
CD 40 .J:: a. 

100 u 
30 10 u 

w 20 a5 
::::l 50 CD 
a.. 10 ~ () 

0 0 
1897 1907 1917 1927 1937 1947 1957 1967 1977 1987 1997 

Year 

'"'''';.uv'--' ..... mean 

whole 



Univ
ers

ity
 of

 C
ap

e T
ow

n

70 

20 

10 

y=-O.1169x+2S4.29 
=0.6549 

O+------r----~------._----,_----_.----_.------._----_r----_.------~ 

1895 1905 1915 1925 1935 1945 1965 1965 1975 1985 1995 

are 

cape. 

years 

the same are 

to 

over years. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CI",pl.«, 2 

,~ 

,~ 

~ 
'~. 

.. " , , .. " . 

.. " 
• 

~ t:' 

I 

1\ , 

I. 
, 

! 'v'" 

: i"'" ,-
h" · '. -, ., -• , -. , -, 
'"" 
'0» 

• 

• 
"'" ,."" " . , m.' ", .. ><, ", .. -.,.' "" BOO .. "'" . -

ro-, __ _ 

." . 

f"" 
P))· . - ' 
~ .", 
~ '" ~.: 

, -"" i • 
. , "'-

"--------, "" . 
--+-'00, __ • __ T~ •• __ 'oo 

,~ 

",0 0 
'. 
• 

-
I 
'\ , 

PC< I , · "'" ~ .. ' "' •• 

"" 1>0' -W "" "" ".' ,'" '''-'' "" ","' "" ,,, 

f 
1 
! 

Efhts of fishing QIl the iinefl, h 'p",",'i"", 

"' ,y, 

,.". 
f"" , 
,~ '''' 
i ." '. ." • 

• ' >" 

" 

V 

- .. 
• , 

I 

\ 

t\ 
\ 

• 

~.~~ , 
• 

-~ .. , 
"'~ , 
o •• 

''''~ ~ 
'''', 
'" 

,." "''' ", .. 'n' "" ... , "" " " "" " ... ,,.,, , .. 

• • ~ , 

i'., 
> '''' -,' j :::; 

:; :y 
• 

;1. • • • ",,'C- .. 
,~ ------

• 
~.~ · -... 

." ,,.,, "., "" "" ."-' ", ... " "" . ." " .. ,. , 

000 ~ 
! 

•• 

' . .. 
". ~ ,,,,1 
, . 
'" i .. ~ 
" , 

Figure 2.·-j. Long- term trcnrl in the catch, effort and CPL'f:, for the fOUf suh-regions; 

(A) \Ye3l"ern Cape, (ll) Southwc~\.ern Cape, (C) Southern Cape, <1,uJ (O) 

Southeastern Cape. 

24 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'" rl 

t\5 00 
SIMllAll lTY 

III I 

( .~ 
• .:j 

• • 'c-? -~ 
l. .,-'---------

-ri 
_rl 

,~ '., 
,~ ,,," 
,~ 

I~ '8'17 lQ06 ,-,., ,-
,~ 

,m 
,~ 

, .... 1<127 ~ 1<>;)' 
W'U ,m -­,,.. ... -­
,~ ,., 
,,.,~ ,., ,-,_ 1966 - ''M , .. '., ... 
,~ ,,,,,1 ,- -- ,00 

Stross; 0,05 

... 1 ~97 ,." 

;.;.~, \71927 1«.'1 

! ... \ 
. '" I 

\~~ .''0&;'. ,.., 
--_. __ ._-

r,gll r~ 2 . .'). a) Ucno.l ro-,::nom and L) ).1011 ",elm; ",ulliliUIlUloiutm.l """I Ill:; (MDS) 

urdill:l.Ti..,n pIn' 01 .hft lim .. ~P..I'i.,... l1~iD& CP UE uf Ih .. 121m .. fi~h S'],.,..j"" I"dud",] ill 

this ~I"dv. BOlh hJ~,~~1 011 root.-rovt t mJl&forml~1 , lata "nd Ih" Brav-('"rti~ lllo,:"""fC 

of ~illl i lari\)_ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 2 

2.3.3 Size composition 

Mean length 

Effects of fishing on the linefish species 

The mean lengths of the species considered over the three periods are given 

in Table 2.1. Seven (58%) of the linefish species considered showed a decrease in 

the mean length between 1897 - 1906 and 1986 - 1998. The mean lengths of panga, 

chub mackerel, red stumpnose Chrysoblephus laticeps and white stumpnose have 

increased with time towards the present. The mean length of hottentot 

Pachymetopon blochii is unchanged. Decline in mean size are observed in the larger 

bodied species (snoek, roman, carpenter, yellowtail, geelbek, silver kob, and 

seventyfour). These are preferred species in the line fishery. The decrease in the 

mean length of seventy four appears extreme but it may to some extent be 

exaggerated by shortage of samples and the rarity of the species from catches. This 

shoaling species has, however, shown greatest decline in abundance (> 99%) 

(Griffiths 2000), thus a large decline in mean size is not surprising. Seventy-four 

had essentially become commercially extinct prior to the moratorium imposed in 

1998. 

The weighted mean catch length of the whole Cape region IS shown 

alongside the catch, CPUE, and effort statistics in Figure 2.2. The trend in mean 

overall catch length over time was not significant when all the species were 

included in the analysis (slope = -0.031, t = -2.04, p = 0.052). This small trend 

may be the influence of the dominant species in the Cape region, snoek (Thyrsites 

atun) , and possibly a switch towards a species that was not targeted in the 

historical period, yellowtail (Seriola lalandi) (Griffiths 2000). Exclusion of snoek 
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Chapter 2 Effects of fishing on the linefish species 

from the calculation of mean length of the landings showed a significant decline in 

the mean length of the landings (slope = -0.1169, t = -7.02357, p = 0.000) (Fig. 

2.3). In both cases inclusion and exclusion of snoek, the mean length of the 

landings within the modern period (1986 - 1998) increased (Fig. 2.2 and 2.3). 

Based on trends in CPUE and stock assessment, these fast growing pelagic nomads 

are the only two species targeted by the linefishery that do not appear to have 

been over-exploited (Griffiths 2000). Thus the increase in mean length of the 

landings in the modern period could be due to these two species. 

Table 2.1. Mean lengths of main linefish species in the Cape region in the three 

different periods. The mean lengths in the 1917 - 1919 and 1986 - 1998 periods are 

weighted by the average CPUE of each species in each region. 

Common name 1897 - 1906 1917-1919 1986 - 1998 % change 1890s-19905 

Panga 27.1 31.9 29.7 9.4 

Chub mackerel 33.9 35.7 37.6 10.8 

Red stumpnose 36.0 39.0 40.7 12.8 

White stumpnose 27.7 25.3 32.6 17.8 

Hottentot 29.9 26.6 29.7 -0.8 

Snoek 83.5 83.3 75.9 -9.0 

Roman 35.8 30.5 32.4 -9.5 

Yellow tail 70.4 57.9 61.5 -12.6 

Silver kob 61.3 58.9 52.4 -14.5 

Carpenter 39.2 31.8 33.0 -15.7 

Geelbek 84.6 78.6 68.5 -22.9 

Seventy four 56.1 49.7 27.7 -50.7 
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Chapter 2 Effects of fishing on the linefish species 

Size spectrum 

As examples the size spectra for selected years for each of the four coastal 

sub-regions of the Cape are depicted in Figure 2.6. The figure is intended to show a 

sample of the size spectra in each region and how an abundant species like snoek 

can affect the size spectra and in turn the spectrum statistics (slope and height). 

Size spectra of the Western Cape are strongly influenced by the abundant pelagic 

predator snoek. Snoek appears towards the tail of the size distribution, in the case 

of the historical data it contributes largely to size class 80 - 84 cm and in the 

modern data 75 - 85 cm. Similarly in the Southwestern Cape the size spectrum was 

affected by snoek, making the negative slope shallower. Figure 2.7 shows the long­

term trend in the estimates of the size spectra of the whole Cape region plotted 

against time. Heights decreased significantly between the 1890s and 1990s (Table 

2.2), though they fluctuate annually within each period. The slopes do not show a 

significant decline. 

In the Western Cape the trends in the slopes of the size spectra do not show 

significant change over time when the large and abundant snoek is included, 

whereas the heights of the size spectra consistently decline with and without snoek 

over the past 100 years (Fig. 2.8a and 2.8b). This suggests a decline in the overall 

abundance of linefish. The insignificant change in the slopes of the size spectra can 

be explained by species composition of the sub-region between 1,897 and 1998, 

where snoek was the dominant species, followed by hottentot, with other species 

contributing little to overall abundance (Griffiths 2000). When snoek is included in 
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the size spectra the slopes tend to be shallower in both the historical and modern 

periods. When the size spectrum is constructed without snoek the slopes becomes 

steeper (more negative) in the modern period. 

(a) W Cape (+ snook) 1987 (b) W Cape (- snook) 1987 

• Y= - 1.7161x + 2.5946 • Y::: - 5.7618x + 0.8369 6 6 
(2:::: 0.044 

4 
(2::::0.513 

4 ,. 
2 • 2 • • 0 • 0 • _-2 • -2 

T ..... 
(c) SW Cape (+ snoek) 1998 (d) SW Cape (- snoek) 1998 C\1 

Q) 

:r- 7 • Y= - 2.0915x + 4.5582 • Y== - 3.~19x + 4.026 -C\1 ,2= 0.2493 • , == 0.5756 
.8 5 5 .... 
Q) • ..0 3 3 
E • :::l 
S 
c 

(e)S Ca e 1997 1987 04 

6 • • • Y = - 3.6397x + 4.0247 8 • r2:: 0.4003 • .. , 
4 • 6 

2 Y == - 0.8395x + 5.3365 4 
,2::: 0.2665 2 . . 

- 0.60 - 0.40 - 0.20 - 0.00 0.20 0.40 - 0.60 - 0.40 - 0.20 - 0.00 0.20 0.40 
DEVIATION (In L - mean In L) 

Figure 2.6. Sample size spectra of the four coastal regions in the Cape for selected 

years; Western Cape with snoek (n = 7), Western Cape without snoek (n =6), 

Southwestern Cape with snoek (n = 8), Southwestern Cape without snoek (n = 7), 

Southern Cape (n = 7), Southeastern Cape (n = 8). 

9 

1-7 :::c 
~5 
UJ 
:::c 3 

rfl!lllrt---...Ilu.. 
Y= - 0.0271x + 59.588 

,2:::: 0.9093 

1905 1925 1945 1965 1985 

2 
(b) Y:: - 0.0096x + 16.924 

,2= 0.1367 

1905 1925 1945 1965 1985 

Figure 2.7. Long-term trends of the heights and slopes of the size spectra of the 

pooled data of the whole Cape region including snoek (Error bars ± 2 SE, n = 28). 
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Table 2.2. Significance tests of the long-term trends in the slopes and heights of the 

size spectrum over the three periods from 1897 - 1998 (see Figs. 2.6 and 2.7). 

Region Parameter Estimate (b) SE (-value P-v,due 

Whole Cape Slope -0.010 0.005 -2.029 0.053 
Height -0.027 0.002 -16.150 0.000 

Western Cape with snoek Slope 0.006 0.007 0.807 0..127 
Height -0.022 0.005 -4.619 0.000 

Western Cape without snoek Slope -0.050 0.012 -4.326 0.000 
Height -0.044 0.007 -6.085 0.000 

South-Western Cape Slope 0.016 0.004 3.644 0.001 
Height -0.048 0.003 -16.038 0.000 

Southern Cape Slope 0.016 0.004 3.644 0.001 
Height -0.002 0.003 -0.617 0.542 

Soulh-Eastern Slope -0.035 0.010 -3.477 0.002 
Height -0.019 0.004 -4.806 0.000 

In the Southwestern Cape the slopes of the size spectra become significantly 

shallower with time and this is again attributed to the dominance of snoek (Fig. 

2.8c) while the height declines over time. As with the Southwestern Cape the 

slopes in the Southern Cape flattened over time (Fig. 2.8d). This may be due to 

the catches of the large-sized yellowtail in the modern period that was not targeted 

previously. Surprisingly, the height did not show any trend over time. This is 

mainly because of yellowtail and silver kob that occupy the mean size classes (50 -

60 cm); in the 1890s seventy-four appeared in that size class. In the Southeastern 

Cape the slopes and heights of the size spectra decline significantly with time (Fig. 

2.8e), suggesting both shifts in size composition, and reduction in overall linefish 

abundance. 
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Figure 2.8. Long-term trends in the heights and slopes of size spectra in the four 

coastal sub-regions of the Cape (Error bars ± 2SE, n = 28). Western Cape with 

snoek (a), Western Cape without snoek (b), Southwestern Cape (c), Southern Cape 

(d), Southeastern Cape (e). 
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2.3.4 Regional comparison 

The mean heights of the modern size spectra of the four coastal regions are 

plotted against the corresponding slopes (Fig. 2.9). It appears that there are 

distinct differences in the size spectra of the four regions and the position of the 

Western Cape on the plot appears to depend on the inclusion or exclusion of a 

dominant species. When snoek is included, all the four sub-regions group together. 

The exclusion of snoek from the size spectrum results in a dramatic shift of the 

position of the Western Cape towards the lower left hand side of the plot; the 

other regions remain in their original positions. 

The pattern in the average slopes and heights of the sub-regions reflect the 

size composition and overall abundance of linefishes in the sub-regions. The shallow 

slope of the Southern Cape suggests relatively abundant larger individuals, this can 

be attributed to the dominant species (carpenter, silver kob, yellowtail, snoek, and 

geelbek); all of them except carpenter are large species (see Table 2.1). The 

Western Cape has the second shallowest slope, which is mainly because of snoek. 

The Southwestern Cape has a relatively steep slope indicating that smaller 

individuals dominate the catch here. The Southeastern Cape has the steepest slope, 

which implies a shift from large to small individuals. Catch in this region is 

dominated by the small carpenter and panga followed by silver kobo 

Slopes and heights of the fish size spectra of different ecosystems from 

around the world have been compared (Bianchi et. al. 2000 Fig. 2, Bianchi et. al. 

2001 Fig. 3). Both studies show distinct differences in size composition among the 

different ecosystems and between shelf and slope assemblages; they occur in an 
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almost straight line on the plot of the slope versus intercept. This was partly a 

reflection of the correlation between the slope and intercept, where steeper slopes 

correspond to larger heights, as suggested by the authors. In the present study the 

four regions are not aligned linearly, mostly because of the removal of the 

correlation between the slopes and heights. This is clearly shown in Figure 2.10 

where the four sub regions were arranged quasi-linearly. Regions with steeper slope 

are characterized by larger intercept and vise versa for regions with shallower 

slope. 
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Figure 2.9. Regional comparison of size spectra using the slope and height in the 

modern period (1986 - 1998), with (a) and without (b) snoek. 
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Figure 2.10. Regional comparison of size spectra using the slope and intercept III 

the period 1986 - 1998, with the inclusion of snoek in all regions. 

2.3.5 Dominance 

The k-dominance curves for the four sub-regions are depicted in Figure 2.11. 

There are considerable changes in dominance over the period between the 18908 

and 1990s but the responses of the cool temperate and warm temperate regions are 

opposite. The cool temperate Western Cape tends to shift towards the catch being 

dominated by a few species with time; snoek contributes nearly 90% of the catch 

followed by hottentot. This sub-region has low species diversity historically as 

compared to the other sub-regions, so as the other species are depleted, there is a 

tendency for the system to be dominated by a single (fast-growing) species. In the 

Southwestern Cape there is not much change in the dominance plot between the 

historical and the modern periods, but there is a change in the dominant species 

from geelbek to snoek in the modern period (Griffiths 2000). The more species-
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diverse warm temperate regions (Southern and Southeastern Cape) show reversal 

of the trend from the catch being historically dominated by few species towards a 

more evenly spread modern catch (1986 - 1998) . 
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Figure 2.11. k-dominance plot of species biomasses of the four coastal regions for 

the three periods. 
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2.4 Discussions 

This data set covers catch, effort, and fish size distribution records over a 

period of 100 years from the 1890s to the 1990s. The four sub-regions reflect 

different areas biogeographic ally as well as having different histories of 

development and exploitation. 

2.4.1 Catch and effort: The dramatic declines in CPUE reflect the heavy 

commercial exploitation of the linefish. The reduction in CPUE is attributed to 

unregulated commercial effort and life history traits of the species in each region 

(Griffiths 2000). The depletion of most species is mainly attributed to over-fishing 

(Attwood and Farquhar 1999, Griffiths 2000). Although mis-reporting could 

theoretically have influenced the observed trends, the commercial handline trends 

were verified by similar trends in commercial trawl data sets (silver kob and 

carpenter), fishery independent linefish surveys (Southern Cape), and stock 

assessment (silver kob, geelbek, carpenter and yellowtail (Seriola lalandi) (Griffiths 

2000). 

The analysis of catch and effort shows that both catches and effort have 

increased several-fold over the past 100 years. The aggregate CPUE declined to less 

than 20% of its level in the 1890s. This is a very conservative estimate, as our 

estimates of the effort do not take account of major technological improvement in 

the fishery (e.g. motorization, echo-sounding, satellite positioning) . .This aggregate 

analysis also fails to take into account changes in catch composition and size. 
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2.4.2 Multivariate analysis of CPUE: This analysis shows the combined 

effect of the changes in CPUE for all 12 linefish species considered, confirming the 

conventional catch and effort analysis and showing that there was relatively little 

change in catch rate and catch composition from 1900 to 1930s, but a major 

change between the 1930s and 1980s, demonstrating a major change in abundances 

of the species, corresponding to the major change in fishing effort in this period; 

primarily as a result of developing technology and unregulated effort (Griffiths 

2000). Previous studies on the effects of heavy fishing on fish assemblages have 

shown that changes in the catch composition often reflect changes in the 

assemblage considered (Gulland 1987, Pinnegar et al. 2002). 

2.4.3 Analysis of mean size: The analysis of the trend in the mean size of 

individual species considered in this study shows that mean size of 58% of the 

species declined over the three periods whereas the rest showed an increase in mean 

size. The average size of species may decrease with changes in growth rate in 

response to environmental changes (e.g. change in the ambient temperature); 

However, there is no evidence that there has been a long term trend in coastal 

ocean temperatures in the Western or Southern Cape regions. If the data are from 

only a short period, size change may be the result of inter-annual dynamics in the 

recruitment of individual species (Haedrich and Barnes 1997). But, if the measured 

decreases in the mean length are assessed in conjunction with the trend in the 

CPUE of individual species reported in Griffiths (2000), it can be concluded that 

heavy exploitation is the most likely cause of the reduction in the mean length. 
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The average length in the modern period may also have been positively biased by 

the minimum size limit regulations introduced in 1940 and 1985, thus the reduction 

in size may have been greater than the data indicate. 

On the other hand the mean length of the catch shows a minor (marginally 

non-significant) change in the overall mean length of the pooled catch in all four 

sub-regions and species. The gentle trend in declining overall mean length is 

attributed to the masking effects of the dominant, fast-growing snoek, and possibly 

to a switch in target towards migratory yellowtail in modern times. When snoek 

are excluded from the analysis the declines in overall mean length over the 100 

year period are significant. Table 2.1 demonstrates the expected response to heavy 

fishing pressure: in seven out of 12 species considered the mean length of fish has 

declined substantially. Observed change in the mean length of individual species 

and hence fish communities could also be influenced, in addition to those 

mentioned above, by technical issues in the fishing practices: 1) change in 

discarding practices or high grading over time so that fishermen tend to target 

larger individuals or species, 2) increased landing of large proportion of the catch 

this may happen at the later stage of fishery and happens in response to increased 

demand for fish or in response to decline in the abundance of initial target species 

or combination of both, 3) non technical changes in genetic structure so that the 

continuous selection of the largest fast growing component of a population or 

community over longer time period in this case over 100 years. may result in 

juvenilizing the fish population or community. However as mentioned previously 
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(page 5) there was no substantial change in the hook design or size used by the 

linefishery over the period considered. 

2.4.4 Analysis of size spectra: Analysis of the combined distribution of fish 

SIzes of the 12 species in logarithmic size classes is depicted in size spectra, 

summarized by the twin statistics of slope and height of the log-linear regression 

(Table 2.2). Slopes of the size spectra of some sub-regions become significantly 

more negative in the modern period, showing that the modern linefish catch has 

fewer large fish and relatively more small individuals than in the historical period, 

in spite of modern minimum-size regulations. The significant decline in the slopes 

of the Southeastern Cape size spectra indicates a long-term shift in the size 

composition towards smaller individuals (Table 2.2, Fig. 2.8e). This could be both 

the result of decreases in the abundances of larger individuals of all species and 

differential over-exploitation of larger, long-lived species. For the whole Cape 

linefishery both seem to be the case as the mean size (Table 2.1) and abundance of 

smaller species like carpenter and roman is substantially reduced in addition to the 

over-exploitation of the larger species seventyfour, kob, geelbek over the 100 year 

period (Griffiths 2000). On the other hand, the significant decline in the heights of 

the size spectra over time indicates an overall reduction in the abundance of all 

linefish in the landings. In the Western Cape (cool-temperate region) the size 

spectrum was strongly influenced by the abundant snoek and the slope does not 

change with time. Snoek is a large snake mackerel, which has socia-economic 

(valuable) and ecological (important pelagic predator) significance (Griffiths 2002, 
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McQueen and Griffiths 2004) in the Cape region. Owing to its unpredictable long­

shore and offshore migrations, and r-selected life history traits such as fast growth, 

early maturity, and relatively short lifespan (Attwood and Farquhar 1999, Griffiths 

2002), it is less vulnerable to overexploit at ion compared to the other linefish 

species. The Western Cape provides a good example of how the size spectrum can 

easily be influenced by a dominant species. If the dominant species is large like 

snoek, the slope of the size spectrum will tend to be shallower and may even 

become positive. This can mask changes in the size composition of the other species 

with changes in fishing effort. The height reflects overall abundance. The heights of 

the size spectra in the whole Cape region and all of the sub-regions, except the 

Southern Cape, have decreased significantly over the same period (100 years) 

suggesting an overall reduction in the abundance of all size classes. The substantial 

steepening in the slope of the Southeastern Cape and Western Cape without snoek 

was accompanied by a significant decrease in the height, thus not only the size 

structure but also the overall abundance of linefishes has been negatively impacted 

by heavy fishing as suggested by this study and the work of Griffiths (2000). 

Furthermore, the linefish assemblage changes that are implied by changes in 

catch composition are different in the four sub-regions. The cool-temperate sub­

regions differ from the warm-temperate ones, particularly with regard to the 

inclusion or exclusion of the fast-growing, nomadic, cool-water snoek. Inclusion of 

snoek gives the size spectrum of the cool-temperate sub-regions a shallower slope. 

The negative slope of the size spectrum was found to be directly proportional to 

the level of exploitation (Gislason and Rice 1998, Shin and Cury 2004). The work 
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of Bianchi et al. (2000, 2001), which synthesizes size spectra and dominance 

structures of different marine ecosystems, added further support to the findings of 

Gislason and Rice (1998). The height of the size spectrum reflects overall fish 

abundance (Daan et al. 2005). This shows declines in overall abundance of the fish 

assemblages over the 100 year period considered in all four sub-regions, with 

statistically significant declines in all but one sub-region (Table 2.2). 

2.4.5 Analysis of dominance curves: Dominance curves reflect the 

distribution of biomasses among species. Clearly these are also affected by the 

inclusion or exclusion of dominant species like snoek. The cool, upwelling­

influenced Western Cape sub-region shows a trend towards increasing dominance 

in the modern period. Similar patterns of increasing dominance in temperate 

regions have been reported for the North-western North Sea (Greenstreet and Hall 

1996), Southern North Sea (Rijnsdrop et al. 1996), Scotian shelf and Portugal 

(Bianchi et al. 2000). The warm temperate regions (Southern and Southeastern 

Cape) show decreased dominance with increasing fishing pressure. This is because, 

as the preferred species in the sub-regions, geelbek and silver kob were depleted, 

fishers tended to target other, less preferred, species (Griffiths 2000 Figs 17 and 

18). Bianchi et al. (2000) found the same pattern of decreasing dominance in 

tropical regions (Ghana, Campeche Bank and Sofala Bank). This may be explained 

by taking into account life history traits, the relatively higher- diversity, and the 

fact that most of the species are associated with rocky reefs. These species are 

usually long lived, k-selected species and have restricted ranges. When a fish 
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community dominated by k-selected species is heavily fished their productivity is 

generally too low to cope with the fishing pressure, thus dominance decreases. If 

the Southeastern Cape is considered, the work of Griffiths (2000) shows that it was 

historically dominated by geelbek followed by silverkob and seventy four all of 

which are k-selected, slow growing species. These three species have subsequently 

been overexploited and the catch now tends to be dominated by the smaller 

carpenter and the overall dominance decreased. The use of k-dominance curves in 

assessing the effects of fishing may still need some refinement to analyze the 

direction of responses of the fish communities to disturbance. 

This study shows that traditional analyses of overall catch rates are 

enhanced by multivariate analysis of the combined effects of fishing on all species, 

analysis of mean size, the slope and height of the size spectrum and dominance 

curves. These analyses are complementary and need to be assessed together with 

information on the life-history traits of the species, changes in target species, and 

other related aspects. Taking into account the fact that most of the linefishes 

considered in this study are predators at different trophic levels, over-exploitation 

and decreases in the abundance of larger individuals are likely to have tropho­

dynamic implications for the functioning of the whole ecosystem. 

42 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 3 Comparison of fish Community size spectra 

Chapter 3 Comparison of fish community size spectra based on length 

frequencies and mean lengths 

Abstract 

Estimates of fish community size spectra are promising indicators of the impact of 

fishing on fish assemblages. Size spectra consist of logarithmic graphs of abundance 

plotted against fish body size. Size spectra may either be constructed from length­

frequency data or estimated from the mean sizes and abundances of the species in 

an assemblage - very often mean sizes are the only historical data available. 

Changes in the slopes of size spectra are interpreted to indicate changes in the 

relative abundances of small versus large fish, whereas changes in intercept (height) 

suggest changes in the overall abundance of the fish assemblage. A comparison of 

the size spectra of linefish catches of the Cape region, South Africa, (1986-1998) 

revealed that statistics of the size spectra calculated from mean length data were 

significantly larger (heights) and shallower (slopes) than those calculated using 

length-frequencies (paired t-tests, p<.OOl). Thus use of mean lengths in size spectra 

overestimates the overall abundances of the community. Mean length was also 

found to overestimate the relative abundance of larger fish in the assemblage 

thereby underestimating the effects of fishing. In a time series of size spectra, it is 

therefore necessary to use one method consistently for comparative purposes. 

Key words: size spectra, mean length, length frequency 
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3.1 Introduction 

Fisheries affect marine ecosystems in a multitude of ways, causing or 

enhancing changes in the structure and function of the ecosystem (Gislason et al. 

2000). Some of the effects of heavy fishing include over-exploitation of target 

species, changes in species composition, changes in the size structure, and 

differential effects on functional groups in the ecosystem. Many indicators have 

been proposed to capture the effects of fishing on fish communities: e.g. diversity 

indices, ordination plots of species abundance, proportion of piscivorous fish, 

proportion of non-commercial species, average size of fish in the community, size 

spectra, mass balance models, and dominance curves (Rice 2000, Rochet and 

Trenkel 2003). Size spectra are promising indicators still under development (Rice 

2000, Rochet and Trenkel 2003). 

Size spectra are generally constructed by plotting the abundance or biomass 

of components of a community against the log (bases: 2, 10, or e) of length or body 

mass respectively, with varying body size interval. For the purpose of this study 

size spectra are constructed by plotting the log of the number of individuals in a 

community per five-centimeter size class against the log of the class mark (Bianchi 

et al. 2000). Then linear regressions are fitted to calculate the slopes and heights of 

the size spectra. The slopes and intercepts (heights) of size spectra are reported to 

change proportionally to changes in the fishing level (Gislason and Rice 1998, 

Bianchi et al. 2000, Shin and Cury 2004). A steep (negative) slope of the size 

spectrum is attributed to selective removal of large individuals from the fish 

community. The height on the other hand, can be used as an index of community 
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abundance if measured at the mean of the independent variable to avoid its 

correlation with slope (Daan et al. 2005). Temporal trends in the slopes and heights 

of the size spectra are used to infer changes in size structure and abundance. 

Size spectra are ideally constructed from individual length measurements, 

but when these are not available (often the case with historical data), size spectra 

have been generated using information on the mean size and relative abundance of 

each species in a community/assemblage (Rice and Gislason 1996, Bianchi et al. 

2000, Bianchi et al. 2001). Chapter two of this thesis constructs size spectra based 

on mean length of the species included. The consequences of different kind of data 

in the construction of size spectra have not been investigated and this note aims to 

show how estimates of the size spectrum parameters are affected by the kind of 

information used (mean length or length-frequencies) and possible misinterpretation 

that may result from the comparison of the slopes and heights calculated in 

different ways. 

3.2 Methods 

This study covers Western and Eastern Cape Provinces (here called the 

whole Cape), South Africa. It is sub-divided into four sub-regions: Western Cape, 

Southwestern Cape, Southern Cape, and Southeastern Cape. Each is characterized 

by a different history of fishing (Griffiths 2000) and experiences different 

oceanographic conditions (Schumann 1987, Shannon and Nelson "1996). The sub­

regions fall into two different biogeographic zones (Branch and Branch 1981). See 

Chapter two for further details of the area and data used. 
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Construction of size spectra 

3.2.1 Size spectra using length-frequencies 

Length-frequency data of the 12 main linefish species (Table 2.1) were obtained 

from official observers at fishing harbours in the four sub-regions of the Cape. 

Length-frequency data of each species consisted of samples from 12 months in a 

year. Sampling frequency varies among the different sub-regions for all the species 

under study and ranges from a minimum of one month to whole year round 

sampling. It also varies among the years included in this study. Sample size varies 

among the species (n = 20 to n = 1000) for most species except for snoek and 

seventy-four. In extreme case smallest sample size n = 1 is observed for seventy-

four and largest sample size n > 20000 is recorded for snoek in some years and sub-

region. 

The length-frequencies of individual species from samples, on a yearly basis, were 

raised to the total catch using raising factor (Rj ). 

R .. _ Tij 
1]--

Sij 

Where Rij = raising factor for species i in year j, T ij= total catch of species i in year 

j, Sij = sample weight of species i in year j from which length frequencies were 

obtained. An index of abundance was estimated by dividing the catch (numbers) 

per size class by the effort (boat-years) and expressed as numbers per boat-year. 

Size spectra for each year were constructed by allocating the numbers of individuals 

of each species into the appropriate five-centimeter size class, summing the numbers 

of all species in each size class, and plotting the logarithm of abundance against the 
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logarithm of class mark. Linear regressions were fitted to estimate the slopes and 

heights of the size spectra. All heights were calculated at the mean of the 

independent variable to avoid their correlation with the slopes (Daan et al. 2005). 

3.2.2 Size spectra using mean lengths 

Size spectra using mean length was constructed in exactly the same way as 

m Chapter two. The only difference being in this case the size spectra is 

constructed for the modern period (1986 - 1998). 

Paired t-tests were used to test the difference in the estimated slopes and 

heights of the size spectra between mean length and length frequency data. For this 

test estimates from all sub-regions were combined. In addition mean residual sums 

of squares (MRSS) were calculated for SIze spectra based on mean lengths and 

length-frequencies. The significance of the differences in MRSS using length­

frequencies and mean lengths were tested using paired t-test. 

3.3 Results 

Figure 3.1 shows samples of the size spectra in each sub-region for selected 

years constructed using length-frequency data and the mean length of each species. 

Slopes and heights of size spectra calculated using length-frequency data were 

generally smaller than those estimated using mean lengths, with the exception of 

the Western Cape. 
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For the whole Cape regIOn, the heights and slopes of the size spectra, 

obtained from the length-frequency data, tend to be smaller than those estimated 

using the mean lengths of each species (Fig. 3.2). Similar results were obtained for 

three of the four sub-regions: Southern Cape, Southeastern Cape, and Southwestern 

Cape (Fig. 3.3). In the Western Cape, however, the heights estimated from length­

frequencies were larger than those from mean lengths whereas the slopes did not 

show any distinct pattern (Fig. 3.3). This is because of the influence of the 

dominant large species, snoek. In the Western Cape more than 90% of the catch is 

dominated by snoek followed by the smaller hottentot, (mean lengths 75.9 cm and 

29.3 em respectively for the period considered). The other linefish species contribute 

minor proportions to the catch in this sub-region. 
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Figure 3.1. Examples of the size spectra of the four sub-regions for selected years 

constructed using length-frequency data and mean length. Western Cape (W Cape), 

Southwestern Cape (SW Cape), Southern Cape (S Cape), Southeastern Cape (SE 

Cape). 
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Figure 3.2. Temporal comparison of the heights and slopes of the size spectra of the 

whole Cape (see Fig. 2.1) based on mean lengths and length-frequencies for the 

period 1986 - 1998. 

The paired t-test shows that slopes of the size spectra estimated from mean 

lengths are significantly shallower (less negative) than those calculated from length 

frequency data (t = 9.03, df = 12, p = 0.000). Similarly, heights of the size spectra 

estimated from mean lengths were significantly bigger than thos~ calculated . from 

length frequency data (t = 6.28, df = 12, p = 0.000). 
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Figure 3.3. Comparison of the heights and slopes of the size spectra of the four sub­

regions based on mean lengths and length-frequencies for the period 1986 - 1998. 

Southern cape (S Cape), Southeastern Cape (SE Cape), Southwestern Cape (SW 

Cape), Western Cape (W Cape). 

Mean residual sums of squares of the SIze spectrum regreSSIOns (loge 

abundance vs loge body size) for length-frequency data (mean RSS = 3.22) were 

significantly smaller than, p < 0.05, for mean length data (mean RSS = 8.18); in 

both cases N = 52. Thus the length-frequency method gives statistically better 

linear fit to the data. 
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3.4 Discussion 

The results show that the bias introduced by resorting to estimates based on 

the mean sizes of each species is usually towards an increase in the relative 

abundance of larger fish in the size spectrum. This will tend to underestimate the 

effects of fishing, which normally is targeted at larger fish. Several factors may bias 

size spectra based on the annual mean lengths of an assemblage of species. These 

include sample size, sampling frequency and the number of species in the analysis. 

In addition the shape and variance of the length distribution of individual species 

may bias the estimated size spectra. 

Furthermore it also show the possible misinterpretation that could arise from 

the combined use of mean length data (for certain periods, especially historical 

periods when often the only information available is the mean size of species) and 

length-frequencies (usually for recent periods) in assessing the long-term trends in 

the slopes and heights of the size spectra. For example consider a time series for the 

Southern Cape (Fig. 3.3) constructed using the mean length methods (solid circles) 

for 1985-1991 and individual lengths for 1992-1998 (open circles). An artificially 

declining trend is created for both height and slope. 

Based on the results of this study we recommend that size spectra should, 

wherever possible, be based on length-frequency data. However, in circumstances 

where only mean lengths are available for part of the study period, size spectra for 

all years should be based on the mean length method. 
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Chapter 4 The effects of fishlng on the demersal fish communities of the 

south coast: assessing changes in size structure 

Abstract 

Heavy fishing is believed to change the size structure of fish communities through the 

differential removal of larger sized individuals and species. The size structure of the 

demersal fish communities off the south coast of South Africa is assessed using a 

variety of size-based indicators. The communities on this coast are subjected to 

different fisheries with wide ranging impacts. Changes in the size structure were 

assessed over the period from 1986 - 2003 for the whole south coast and two depth 

strata. There was a reduction in the mean length, mean maximum length (L max) , and 

proportion of large fish in the fish communities off the south coast of South Africa, and 

a corresponding increase in the proportion of small fish. Species with a large Lmax 

declined in mean catch rate and mean length in contrast to species with small Lmax' 

The trend in the size-based indicators suggests that there has been a change in the size 

structure of the communities. This change is characterized primarily by a reduction in 

the abundance of larger sized individuals and in species with a large maximum length. 

Key words: size structure, size based indicators, demersal assemblages, South Africa 
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4.1 Introduction 

The demersal fishery of South Africa started around the turn of the 20th century 

(Botha 1985), with intense harvesting after 1960s when the hake resource become 

widely sought (Payne 1995). The hake-directed bottom trawl fishery has been managed 

under a stock rebuilding strategy since South Africa declared the 200mile Exclusive 

Economic Zone (EEZ) in 1977 prior to that it was heavily exploited by foreign distant 

water fleets (Botha 1985, Rademeyer 2003). The demersal fishery on the south coast 

includes both inshore and offshore sectors, each of which is multi-gear and multi­

species. Gears include line (both hand-line and long-line), pelagic mid-water trawl and 

bottom (otter) trawl (using 75, 85, and 1l0mm codends). The trawl sector targets 

Agulhas sole Austroglossus pectoralis, shallow-water Cape hake Merluccius capensis, 

deep-water Cape hake Merluccius paradoxus, Cape horse mackerel Trachurus 

trachurus capensis whereas the line sector targets shallow- and deep-water hake and a 

large number of shallow water (mainly reef dwelling) species. The longline fishery was 

initially introduced in the mid 1980s targeting kingklip Genypterus capensis was 

operational until 1990, after which it was banned because of its substantial impact on 

the resource (Punt and Japp 1994). The longline fishery was again reinstated in 1994 

as experimental fishing targeting hake; this fishery is highly size selective, targeting 

fish above 60cm (Rademeyer 2003). As female hake grow faster, and attain a larger 

size than males (Punt and Leslie, 1991), the longline catch consists primarily of large, 
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highly fecund females. Apart from the direct effect on the biomass of the target species 

and size distribution, the size-selective nature of this fishery may also have indirect 

effects: reduced reproductive output of the target species and effects on the trophic 

structure of the system, the magnitude of which depends on the functional role of the 

species as a predator. Furthermore, the longline fishery can target fish on rough 

ground where otter trawlers cannot operate. 

All the different fishing sectors catch a variety of bycatch species that are either 

brought to landing or discarded offshore. In addition, all the above-mentioned gears 

catch various non-target demersal fish and cephalopod species. 

One of the common features of these fishing gears is that they are all size­

selective, although the degree of selectivity varies substantially within and among 

gears. Trawling tends to be less size selective than hand- and long-line fishing. Thus 

size selectivity represents one of the many ways in which fisheries interact with the 

structural and functional organization of marine ecosystems. The role of size as a 

structuring factor in marine ecosystems has been discussed in a number of studies (e.g. 

Platt and Denman 1978, Borgmann 1987, Moloney et al. 1991, Boudreau and Dickie 

1992). In addition different studies ranging from terrestrial through to aquatic 

ecosystems have showed the allometric relationship between physiology of animals and 

body size (e.g. Calder 2001, Lominicki 2002), thus a change in the size structure of an 

assemblage has a major influence on the structure and functioning of the ecosystem. 
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A number of size-based indicators have been put forward to capture the effects 

of heavy fishing at different levels in marine ecosystems (Rochet and Trenkel 2003, 

Rice 2003); e.g. population level indicators (e.g. mean size, size at maturity), 

community level indicators (e.g. parameters of the size spectra, mean length of the 

community, proportion of size groups, proportion of Lmax group), and ecosystem size 

spectra (biomass or abundance size spectra of the whole ecosystem from phytoplankton 

to fish). 

The effects of fishing on the size composition of fish communities has been 

documented by empirical and theoretical studies from around the world: e.g. Haedrich 

and Barnes (1996) (looking at changes in mean size of fish species from Northeast 

Newfoundland and the Labrador shelf); Rice and Gislason (1996) (changes in the slope 

and intercept of abundance and diversity size spectra of North Sea fish assemblages); 

Gislason and Rice (1998) (modelling the response of size spectra to changes in fishing 

level using single-species and multi species models); Bianchi et al. (2000) (using slopes 

and intercepts of size spectra for different ecosystems around the world); and Shin and 

Cury (2004) (applying an individual based model to assess the response of parameters 

of size spectra). The slope of size spectra has been shown to change proportionally to 

the change in fishing level (Gislason and Rice 1996, Rice and Gislason 1998, Shin and 

Cury 2004). The intercept of size spectra is believed to reflect the overall abundance 

or system productivity (Borgmann 1987, Boudreau and Dickie 1992, Bianchi et ai. 

2000). The mean size and mean Lmax of fish communities are also believed to change 
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in response to fishing (Rochet and Trenkel 2003, Dulvy et al. 2004). In addition, the 

relative proportions of size groups in fish communities are reported to change with 

exploitation level (Daan et al. 2005). 

This study aims to assess trends in the size composition of the South African 

south coast demersal fish communities using size-based indicators and the observed 

direction of response of the fish communities is discussed in the light of fishing impact 

and other possible driving factors. 

4.2 Methods 

4.2.1 Data source 

The data used in all the subsequent analyses was obtained from the biannual 

demersal research trawl surveys of the south coast of South Africa conducted by the 

Branch: Marine and Coastal Management (MCM) of the Department of 

Environmental Affairs and Tourism (DEAT). The survey is conducted using a 180ft 

German otter trawl with 75mm mesh cod end fitted with a 35mm mesh liner. Duration 

of trawls is limited to 30 minutes, in cases where it is exceeded or reduced for any 

reason; the catch is standardized to 30 minute tow duration. Towing speed and mouth 

width of the trawl are assumed to be constant (3.5knots and 26m respectively). 
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Therefore the area swept III a 30min tow is assumed to be constant (0.0246 square 

nautical miles). 

At each station the whole catch (or sub-sample if the catch was too large) was 

sorted and identified to the lowest practical taxon (species whenever possible), then 

counted and weighed. Length frequency data was collected for commercial species and 

some common by catch species from the whole catch when possible or from a sub­

sample when the catch for a species was large. The survey spans an 18-year period 

(1986 - 2003) and covers shelf and upper slope to the 500m isobath between 20° E and 

27° E meridians (Southern and Southeastern Cape regions in Fig. 2.1). 

This coast is characterized by distinct physical and hydrodynamic features 

(Schumann 1987). The Southwest flowing warm Agulhas current and physically a 

wider shelf down to 200m isobath with the edge of the shelf dropping steeply and the 

shelf getting narrower towards the East distinguishes this coast. The survey area is 

subdivided into four depth zones (0 - 50m, 51 - 100m, 101 - 200m, 201 - 500m) , 

though for the purpose of this study the first two strata was pooled together. Each of 

the strata is subdivided into grids of size 5' x 5' (five X five nautical miles). Trawl 

stations during each cruise are distributed among the four strata, on a semi random 

basis, in proportion to the area of each stratum (Badenhorst and Smale 1991). 
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in response to fishing (Rochet and Trenkel 2003, Dulvy et al. 2004). In addition, the 

relative proportions of size groups in fish communities are reported to change with 

exploitation level (Daan et ai. 2005). 

This study aims to assess trends in the size composition of the South African 

south coast demersal fish communities using size-based indicators and the observed 

direction of response of the fish communities is discussed in the light of fishing impact 

and other possible driving factors. 

4.2 Methods 

4.2.1 Data source 

The data used in all the subsequent analyses was obtained from the biannual 

demersal research trawl surveys of the south coast of South Africa conducted by the 

Branch: Marine and Coastal Management (MCM) of the Department of 

Environmental Affairs and Tourism (DEAT). The survey is conducted using a 180ft 

German otter trawl with 75mm mesh codend fitted with a 35mm mesh liner. Duration 

of trawls is limited to 30 minutes, in cases where it is exceeded or reduced for any 

reason; the catch is standardized to 30 minute tow duration. Towing speed and mouth 

width of the trawl are assumed to be constant (3.5knots and 26m respectively). 
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Therefore the area swept in a 30min tow is assumed to be constant (0.0246 square 

nautical miles). 

At each station the whole catch (or sub-sample if the catch was too large) was 

sorted and identified to the lowest practical taxon (species whenever possible), then 

counted and weighed. Length frequency data was collected for commercial species and 

some common by catch species from the whole catch when possible or from a sub­

sample when the catch for a species was large. The survey spans an 18-year period 

(1986 - 2003) and covers shelf and upper slope to the 500m isobath between 20° E and 

27° E meridians (Southern and Southeastern Cape regions in Fig. 2.1). 

This coast is characterized by distinct physical and hydrodynamic features 

(Schumann 1987). The Southwest flowing warm Agulhas current and physically a 

wider shelf down to 200m isobath with the edge of the shelf dropping steeply and the 

shelf getting narrower towards the East distinguishes this coast. The survey area is 

subdivided into four depth zones (0 - 50m, 51 - 100m, 101 - 200m, 201 - 500m) , 

though for the purpose of this study the first two strata was pooled together. Each of 

the strata is subdivided into grids of size 5' x 5' (five X five nautical miles). Trawl 

stations during each cruise are distributed among the four strata, on a semi random 

basis, in proportion to the area of each stratum (Badenhorst and Smale 1991). 
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4.2.2 Data analysis: Size structure 

The changes in the size structure are assessed systematically at a broad spatial 

level for the entire region and also for the first two of the three depth strata (0 - 100m, 

101 - 200m, 201 - 500m). In addition all the analyses were conducted separately for 

autumn and spring surveys, to avoid the possible influence of seasonal dynamics in the 

migration of the demersal species. Previous studies reported an apparent inshore-

offshore movement along the south coast (Badenhorst and Smale, 1991). Trends in the 

mean catch rate for the whole community on the south coast and communities 

associated with each depth stratum were used together with the trend in the nominal 

fishing effort of the commercial trawl and longline fisheries on the South coast. 

Size spectra 

Length frequency data for all species were adjusted to estimated numbers per 

size class per 30min tow duration. For each species the mean number of individuals per 

five-centimeter size class per stratum was calculated for each cruise and weighted by 

the area of the stratum for pooling across strata: 

Nij = 

Sj 

L nijk 

k=l 

Sj 

Where N;J = number per size class i in stratum j, n;jk = number per size class in 

stratum j at station k, Sj = total number of station in stratum j, Aj ~ area of stratum 

J. 
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These were then summed across depth strata to get the area-weighted numbers 

per five-centimeter size class for the whole south coast. The construction of the size 

spectra and estimation of its parameters are similar as in Chapter three. Size spectra 

were constructed for the 0 - 100m and 101 - 200m depth strata for each year. For 

reasons of limited trawls and incomplete sampling over the survey year (Table 4.1) 

separate size spectra were not constructed for the 201 - 500m depth stratum, however 

when data were pooled to construct size spectra for the entire region data for this 

stratum was included. A size range of 26cm - 120cm was used in the construction of 

the size spectra, to avoid the smallest size classes where escapement might distort the 

size-spectrum. 

Proportion of length classes 

Temporal trends in the proportion of the three length classes (1 - 40cm, 41 -

80cm, 81 - 120cm) were assessed by calculating the proportion of the different length 

classes in each year. In this case all size classes were included. The proportion of each 

size category in each survey was calculated as follows: 

Pi} = 3 

L Ni} 

i=1 

Where: 

Pij = proportion of length category i in year j 

N ij = the pooled number of individuals in the length category i and year j 
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Abundance per size class was also estimated and assessed over the period of 1986 -

2003 for the following size ranges (1 - 40cm, 41 - 80cm, 81 - 120cm). Log transformed 

abundance per size class was plotted against time and the trend was assessed using 

linear regression. 

Mean length and Lmaz 

The mean length and Lmax of the community were calculated for the entire south 

coast and for the 0 - 100m and 101 - 200m depth strata. Lmax was calculated from the 

pooled length frequency data as the length below which 95% of the individuals occur. 

Generally Lmax can be calculated in three different ways: 1) as a weighted (by the catch 

or abundance of each species) measure of the Lmax of species comprising the community 

concerned; 2) as a weighted measure of the Lin! of the species comprising the 

community concerned, or; 3) as a larger percentile (in this case 95%) from the length 

frequency distribution of the species in the community. The first two usually reflect 

the relative abundance of species of different Lmax or Lin! in the community whereas the 

third could reflect an additional aspect not only the relative abundance of the different 

species but also of relative abundance of various size groups. Further various 

percentiles 95% to 99% could also be explored. The significance of the trend over time 

in the proportions of the length groups, mean length and mean Lmax was tested using 

student t-tests (Zar 1999). 
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Mean length by species 

Mean length of each species for the whole south coast was calculated from the 

length frequency data. The correlation in mean length of species with year was 

conducted using Spearman's rank correlation (Zar, 1999). 

Mean catch rate 

The mean catch rate per standard tow (30 min) for the whole south coast was 

calculated by summing the total catch in each stratum and dividing by the total 

number of stations sampled. 
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4.3 Results 

Figure 4.1 shows the size spectra per survey, pooled for the whole south coast 

and the temporal trend in the heights and slopes of the size spectra are depicted in 

Figure 4.2a. The height of the size spectra for autumn surveys increased slightly from 

the mid 1980s to the 1990s then declined until 1994. In 1994 the autumn spectrum 

height increased sharply, thereafter it declined until the end of the study period. The 

slopes follow a similar pattern. The trend in the slopes and height for the spring season 

are less clear. These trends were also apparent at the spatial scale of individual 

stratum when the size spectra were analyzed for the 0 - 100m and 101 - 200m depth 

ranges (Fig. 4. 2b). The trends in the slopes and heights of the size spectra for the 

autumn and spring seasons follow the same pattern. The trends in the heights for both 

depth ranges suggest an initial increase in the overall abundance towards the early 

1990s then a consistent decline beginning in the late 1990s. The slopes of the size 

spectra also declined after 1995, suggesting changes in the size composition of the 

demersal communities in both depth ranges. 

64 



Univ
ers

ity
 of

 C
ap

e T
ow

n

., " " 0.0 •• 0, ., •• o. ., ,: ~ I. 00 ., '" ¥ •• .' •• ,: M •• ., •• 

:[SJ , , 
, , 

" .. " " '.1 " •• 1.0 .. " " " " " ., 1.; '" OC ... II " " 1.0 .. " 

." ',,-,," ..... ," 
If~il~,I[~II~ll~1 
" '" ," " ". •.• " '. " ." .." "'"..,,"""" 0' '; <c. " " 

>, I, ., •• •• ~ ,. •• •• ., ,: ~ " " •• " •• •• .' 0' ,: M •• •• •• 

., ...... "'" "~'" ro 

'""IOU" 

Figure 4.1. Sizp sPf"'tr,,- for the j)<j(JbJ daLa o[ Uw mmh con,t rlemcr"~l fiHh 

communiti",,_ The size ~p~"'tra "ow..- '<iDe rauge o[ 2fK'1ll - 120cm. &dl gr,,-ph plot" log 

abundance ~g,,-in"t log l~ngth (em). The ~lope and h~il\h, nre c"lcubt~d b~ .. linc"-T 

rl'gres"ion. with t1w height eakulated at the lllcanlcnglh ~t.a.ud"rdi7.f°d to 7l'ro. 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

CI",,,I~' .1 (]l'''';''' in the .i2C 6l.! "d,,'~ <>" 1.], .. ,..,wl! ,-.--1 

" .--.... .. ... _-_.-
, " 

" 1 . " I °l ! 0 , , , - , I , " , , 
" 

, " 1 I, 
, , , 

" " 
" , I H! " , , 

" .. 
" .. 

" -, 

", '" .. 
•• . , .. 

.. , .. I I ' , , ' " 
"",, ' 1 " , ' .. , 

'I I 
' 1 , I f , , , .. , I I. , .. , ' f ' 

.. • 
',-' .. .. • .., .. ., .. .. , '" .., .. , • ., .. , .. .. .. .. .. - ,,' 

d'1)'h~, "UU (1) 0 . 1000n p1l<1 IlIl 

4lkm.1I &,1..,,,.61 - 120"", Wi"" 4 ~A.U"' ,1 :VJ_ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter , 

" 

"' 
eo 

I "' 
" 
eo 

Fignrf' 4_3" 

"r-" , 

• -• • 

.----. 

_02 
,~ '""" 

Figllr~ 4_3b 

• • • 

• • ~. __ .A-..--------.--
• 

.j 
I 

,"--,_<0 
.- ,-,'-_!01 

:wo.".. ,. _ '2iJ 

l 



Univ
ers

ity
 of

 C
ap

e T
ow

n
02 

o 

Fip;me 1,;k 

Fip;mp 4.:l. TAmpornl tr~nrlE ill th~ proportion" of three ~ize dR.,,,,,, for ihe "UtUlllll 

oUlVPYo: (a) Pooloo rlepth", (h) 0 _ 100m rl~pth rR."!Se, (e) lUl-2UUm J~pth nl,u!S~ 

Thp trp"rI" ill th~ proportion" of the three ,ile e~t<:!Solw~ show iile SillilC p,-,UCrIl 

R.t different ']J~ti~l :;c~lc~, tho"" of ihc whole sonth ~ot"t '-mrl c"",,h dppth "tratmn. The 

proportion of inrlivirln"l" in tlw 1 4(km iner~"-<erl si)<nifiealltly ov~r time ~t both 

Slmiial scale of the clliil~ 80nih ",m"t (t = :U221, n=12, p, -:O_O'i) "uri for inrlivirl,,,,l 

rlppth "tTflta (0 100m' t = 4_37G4 n= 12, p'- 0_0,,: 101 20(hn, t = 3_0SW7, n= 12, 

p' (l.O,,). In eouiTast the proportiOIl of individLE~b ill thc' 41 - Rlle.lll "ize l',R.t<"!SOI'.l' 

rl~e.r~n.'joo ,ignifie=tl:<' over time for the entire :;Qnth eo~'t (t ~ -3_11:j9, n~ 12, p -

0,05) and [or individual d~pth simi" (0 - 100m: t = -1,:H176, n= 12, 1-'< 0.05: 101 -

200m: t = -:ll:HG'i, n= 12, p'- 0_0,,)_ For the ~1 12Uem ,iie eateg;ory there wa, no 



Univ
ers

ity
 of

 C
ap

e T
ow

n

,'J'"",,,,,,.,,cj,'-_______________ -'Cd""",,,",,,,,'~",'J"'"",,.jz~ ,tInct me .()i' 1. h~ ''''HI. h m"" 

d~~r tr~nd ()v~r time "Ild t.he p,."porti()ll cerna"," close to "ero throu;',hollt. The tn'ud 

in the' log- traH~[orm"i ",pw, ~a.(ch rM" ()f thA ~h(we ~izf' c"w~oriffi showC'<i a similar 

pattern (Fi:>;"_ 'I ,ja, ~.4b, 4.,lc) to th ... proportions. 'Llld dearly depict, tli .. ilWr~iI,W ]!l 

lhe rdMlvc "bund~Jlc" of ,mall indiv idn,,1, ".ne! ~fH'rjp,j and th ... :>;rfIdllal d""lin" ill the 

- ,-

, , , , , 
~ ~ , , i , 

co 
, I , , , , • ~ , , , 

I " , I • , 
" " 1 

, , , 
~ 

-, l ,---
c , , 

1(' 

70 



Univ
ers

ity
 of

 C
ap

e T
ow

n

",'""",,""_'L _____________ --'CUb'.'Il'gcti!l..I '-'" oi"" ",,,,,n,,~ uU the "'~ It h ... ) .... 1 

• ,~ 

F'i i':llr~ 4 4h ... 
" -1L~ ~.~­_ --"'J.....,.-

" , , " 
) 
• ,-' ~ 

, 
, 

...!. •• t--..!:.Y a ~ , 

• • • • 

Fi1>Uf(' ~ k 

• • 
• 

_. 

• 

. I 

• - -1 -- , , 
---.,.... 

• 

F4,'UR' -\ .4 L' , ... " d '" ~he ahu lJill.u"u< (nwlLt....·l'» vcr 3{1"';1I lOW) of th" d ilT,orcnl ~I~' 

,-III_oft ,,'-.'r \1 .. , p,"r;,1(1 19 RG - -.!OOJ . r'lf Ow aul"" 111 . " n..,v~ (aJ - Pook.1 'k1)lh~, (h). 0 

l ((1u d"ptiL (<') lUI ;!(lUm d"l'th 



Univ
ers

ity
 of

 C
ap

e T
ow

n

b 
i> • 

" . , 
'" 
" 
" 
" 

• 
" 
" 

• ._-
• • 
-----• 

• 
• 

:1 o. 00---
,. 0 

" 

• 

o 

, ,* I 'IM ,,'(l '<l9~ 1~ 

____..0 0 ! u ___ _ 

~, ~-

• 
• - --

• 

o 0 0 -
I~ 

, 
, (] ------_1. --• 

" 

" 
" 
" 
" .~ 

• .... _----

, ----

12 

, 
<,00' ' . 

I 

-. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 4 Changes in the size structure on the south coast 

60 

D 

55 

50 

45 

E 
u 

£' 40 
Cl 
c 
.!! 

35 

30 

25 

2~9'-86~-19~88-~19"""9-0 ~1-99""'2~-1~99-4~-19-'-96~-1-9~98~-20~0-O-2-0-'-O-2~2.....J004 "0.... Mean length 
~lmax 

year 

Figure 4.5c 

Figure 4.5. Trends in the mean length and Lmax of the demersal fish and cephalopod 

assemblages for the autumn surveys. (a). Pooled depths, (b). 0 - 100m (c). 101 -

200m. 

In addition the mean length of the demersal community as a whole for the 

entire south coast declined substantially (t = -2.65205, n= 12, p< 0.05), however the 

decline in Lmax was slight and was not significant (Fig. 4.5a). In the 0 - 100m depth 

stratum, only the Lmax showed (Fig 4.5b) a significant decline with time (t = -2.65452, 

n= 12, p< 0.05) whereas both mean length and Lmax (Fig. 4.5c) declined significantly 
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temporal progression (steepness) of the slopes of the size spectra is reported from other 

heavily fished fisheries (Rice and Gislason 1996, Bianchi et ai. 2000) and was 

attributed to the size selective nature of fishery. Such response of the parameters of 

the size spectra to fishing was also confirmed through modeling study using various 

modeling approaches (Gislason and Rice 1998, Shin and Cury 2004). The observed 

response of the size spectra was further confirmed by the temporal trend in the 

proportion of individual in three size category where proportions of individuals in the 

smaller size categories increased while those in the larger size classes declined. The 

temporal trend in the mean catch rate of the different size categories also confirmed an 

increase in the smaller sized individuals, a likely indirect consequence of 

overexploitation, and a decline in abundance of larger sized individuals. In addition the 

decline with time of the mean length of the community and mean Lmax of the 

community further supports the assertion that the size structure of the fish community 

has changed over the period considered in this study. The observed response of the 

size-based indicators over the study period can be linked to the inherent nature of 

fishing practices, their highly size selective nature resulting in increased mortality on 

larger sized individuals and limited or no mortality on smaller sized individuals 

(Beverton and Holt 1993). Indirect effects of fishing can also be expected theoretically 

as a result of size related trophodynamic interactions which suggests that reduction of 

larger individuals or species, usually the main predators of a fish community, lowers 

predation pressure on smaller sized individuals or species, resulting in turn in an 
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increase in the abundance of individuals in the smaller size classes (Fogarty and 

Murawsky 1998, Dulvy et ai. 2004, Daan et ai. 2005). Despite the apparent 

relationship, as reported from previous theoretical and empirical works, between the 

impact of fishing and response of the size-based indicators used in this study, observed 

trends can also be influenced by factors other than those related to fishing, for 

example; chronic environmental changes through effects on growth, density dependent 

processes, and variability in recruitment of component species (Ottersen and Loeng 

2000, Lekve et al. 2002, Wilderbuer et al. 2002). An increase with time in the 

recruitment of some species in the community can result in the steepening of slope of 

the size spectra and decline in mean length, thus confounding the response attributable 

to heavy fishing. Similarly effects on growth rate or other biotic processes can influence 

the trends in the size-based indicators. During the progress of this study there were no 

reports of such a consistent pattern of rise or decline in temperature (other than those 

shown in Chapter 5, where a decline in bottom temperature and salinity was observed 

only for surveys conducted in autumn). Thus effects on growth rate and recruitment of 

component species suggest that observed trends are unlikely to be caused by 

environmental factors, although this can not be ruled out. 

On the other hand there has been substantial increase in the biomass of small 

pelagic species (sardine and anchovy) after the mid 1990s, although no clear trend in 

the environmental factors has been observed (Carl van der Lingen, pers.comm, MCM). 

None of the pelagic species are included in this study. They make up main prey item of 
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some of the dominant demersal species (e.g. the shallow and deep water hake) but this 

increase in small pelagic biomass did not have positive effect on their predators. 

When observed responses are viewed in relation to the history of fishing activity 

on this coast, attributing the effects to any of the fishing sectors operating is difficult. 

However if the trawl fishery is considered, it was established in the early 1900s and 

peaked in the 1970s, therefore the major changes caused by trawling had likely 

happened prior to 1986 where the demersal surveys began. Fishing strategy and 

technology continually changes which would change the fish community continuously. 

The introduction of longlining in South Africa increased access to the Spanish fresh 

fish market, which places a premium on large fish, this led to a change in the fishing 

strategy of the trawl fleet to selectively target larger fishes. In addition, longlining 

selectively targets larger fish. Therefore there was a marked change in fishing strategy 

in the early 1990s, which could be the underlying cause of marked community changes 

reported in this study. 

Generally changes in the size structure of fish communities is believed to reflect 

changes in trophic structure, as larger individuals of a species or larger species tend to 

feed higher in the marine food web (Jennings et ai. 2002, Pauly and Watson 2005). 

Thus observed changes in the size structure may have tropho-dynamic consequences. 

81 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 Dynamics in community structure on the south coast 

Chapter 5 Spatio-temporal dynamics in the community structure of the 

south coast demersal fish communities 

Abstract 

The community structure of the south coast demersal communities has been studied 

based on survey data collected biannually from 1986 - 2003. A snapshot of the 

community structure for a selected year confirms that the communities on this coast 

are strongly structured by depth with environmental variables varying among the 

depth strata. Temporal and spatial trends of the measured environmental variables 

tend to vary between the spring and autumn seasons. A significant increase in the non­

target species has been observed whereas the other components remained stable with a 

slight decline in the 2000s. Analysis (using non-metric multidimensional scaling, MDS) 

based on catch rate averaged by survey year showed a consistent change in community 

structure in both autumn and spring. However, when the whole station by species 

matrix was analyzed a significant change in species composition was observed only in 

autumn. Similar responses in the community structure in both seasons in contrast to 

the different temporal pattern in temperature and salinity between seasons suggest 

that these environmental factors are less important as drivers of the observed temporal 

changes in community structure than increased size-selective fishing pressure. 

Keywords: community structure, multivariate analysis, depth, longitude, south coast, 

South Africa 
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5.1 Introduction 

The continental shelves of many marine ecosystems around the world are highly 

productive and support diverse groups of fishes, cephalopods, and of macro- and meio­

benthos. The continental shelves are also the most heavily fished areas of the ocean, 

yielding the majority of the global landings from capture fisheries (Pauly and 

Christensen 1995). For most of the nekton, these regions represent spawning grounds 

and nursery areas. Thus there have been a number of studies with varying degrees of 

depth and scope addressing issues ranging from population dynamics and recruitment 

success of single species, to multi-species structure and biogeochemical cycles. The 

community structure of nekton and macro-benthos has also been studied in the 

context of disturbance and understanding the structuring of the community in relation 

to physico-chemical factors in several regions around the world. 

Fish community structure is governed by a multitude of biotic and 

environmental factors acting either m isolation or in concerted. Structuring of the 

community along environmental gradients is related to the differential preference of 

component species to the prevailing environmental conditions. On the other hand, 

biotic interactions among component species; trophic interaction and competition for 

space or resource, also contribute to the structuring of the community along a gradient 

that ensures or maximizes the coexistence of all the species in the environment. Several 

studies in the marine environment have reported the structuring o~ communities along 

depth, temperature, oxygen concentration, substrate type, latitude, longitude, and 
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other physico-chemical characteristics. Jaureguizar et ai. (2004) studied the mam 

environmental parameters structuring fishing communities in Rio de la Plata estuary 

in Southwest Atlantic between Uruguay and Argentina. They found distinct 

assemblages corresponding to the inner, central and outer part of the estuary and 

bottom salinity was the most important factor responsible for the observed spatial 

structuring of the community. Temperature has the strongest influence on the seasonal 

structuring of the community, furthermore, seasonal migration of component species of 

the communities is manifested in the community structure. Smale et al. (1993) found 

that the fish and cephalopod component of the fauna on the south coast of South 

Africa are structured along depth strata into three assemblages and the prevailing 

temperature and oxygen concentrations also varied among the different strata. Various 

demersal fauna are also reported to have preferences for different bottom substrate 

types. The community of the demersal fishes around Kodiak island, Alaska, was 

mainly structured along depth and temperature gradients with sediment composition 

and geographic area of sampling site playing a substantial role in structuring the 

community (Mueter and Norcross 1999). Such structuring of the communities along 

the biotic and abiotic dimensions suggests these communities are vulnerable to any 

substantial change, other than the inherent variability in the system, in either or both 

of the dimensions (biotic and abiotic) along which they are structured. There is a 

considerable literature, from works around the world, documenting substantial 

anthropogenic impact on marine ecosystems: changes in the biogeochemical cycle, 
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biotic changes: accelerate loss of species, and increased invasion, increasing 

eutrophication of coastal waters in many regions around the world (Vitousek et al. 

1997), and heavy fishing with direct and indirect effects that cascade through the 

structure of the community (Gislason et al. 2000). 

Heavy fishing affects community structure both directly and indirectly. Directly 

through differential biomass removal from certain components of the community 

usually larger individuals of a given species and species that attain a larger size 

(Haedrich and Barnes 1997, Baum and Myers 2004), and habitat destruction mainly 

due to interaction of the gear with the seabed (Jennings and Kaiser 1998, Jennings et 

al. 1999). Indirect impacts includes reduction in the reproductive output of some 

populations as a result of age or size truncation (Berkeley et ai. 2004, Palumbi 2004), 

increase in the abundance of species that were competitively suppressed by 

overexploited species (Fogarty and Murawsky 1998), changes to the trophic structure 

of the community depending on the biomass and trophic role of the overexploited 

species (Pauly et ai. 1998, Pauly et ai. 2000, Pauly et al. 2001, Link and Garrison 2002, 

Pinnegar et al. 2002), impact on bottom feeding species as a result of effect on their 

benthic prey due to direct mortality and habitat destruction by bottom trawling. 

Jennings and Kaiser (1998) reported a decline in diversity of the fish communities 

related to the impact of fishing. Rogers et al. (1999) suggested that heavy fishing 

might be a key cause of change in the diversity of fish community in the Northeast 

Atlantic. Other indirect impacts of heavy fishing are suggested to result from a heavy 
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selective heavy fishing are; loss of genetic diversity, and impact on ecosystem stability 

(Jennings et al. 2001b). It is mainly due to these serious and harmful effects of the 

global capture fishery on the structural and functional organization of marine 

ecosystems, that fisheries managers and scientists have been promoting an Ecosystem 

Approach to Fisheries (EAF). This requires the development of indicators or metrics 

to gauge the impact of heavy fishing on the ecosystem. To this end a number of 

indicators or approaches have been put forward, including multivariate clustering and 

ordination techniques (Rice 2000, 2003). Multivariate measures of change in 

community composition are more sensitive to changes in the community structure, 

than are univariate indices of species composition (Austen and Warwick 1989). 

Assessments of the effects of fishing on the fish communities on the south coast of 

South Africa are restricted to few studies and they are limited either in the geographic 

coverage or the number of taxa included in the study; for example Booth and Hecht 

(1998) looked into the changes in the Eastern Cape demersal fishery over time. 

The south coast of South Africa supports a number of demersal fish and 

cephalopod species, some of which are directly targeted by different fishing sectors 

while others are caught as bycatch species. These species are captured using single gear 

or caught by multiple gears, each with its own characteristic selectivity for certain 

species or size classes, and with varying degree of interaction with the bottom habitat, 

and targeting various species. There are a number of studies addressing different 

aspects (trophic interaction, spatial distribution, biology and population dynamics) of 
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the fish communities (Chapter 4). Few studies address the community structure, based 

on demersal survey data, and relate it to the prevailing physical and environmental 

factors Smale et ai. (1993). On the other hand Walmsley et al. (2006) looked at issues 

of bycatch problem in the whole South African demersal trawl fishery, noting that it is 

a serious problem, and suggested various measures to reduce and manage bycatches. 

Furthermore Booth and Hecht (1998) assessed changes in the Eastern Cape demersal 

inshore trawl fishery between 1967 and 1995. They found a change in the composition 

of the catch, reduction in age at 50% recruitment to the fishery for shallow water Cape 

hake, horse mackerel, and panga. A comprehensive study of the community structure 

of the demersal fish communities over space and time has not been undertaken. 

The main objective of this chapter is to assess the community structure of the 

south coast demersal fish communities over the spatial and temporal bounds of the 

data available using multivariate measures of change in community structure. In 

addition the relationships between measures of community structure and the physical 

variables (depth and longitude) measured will be investigated and the temporal trends 

in the mean catch rate of the community will be investigated to help assess the 

changes in community structure. 
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5.2 Methods 

The sources of data, spatial and temporal bounds, and data standardization, are 

discussed in detail in Chapter 4. The distribution of trawling stations by cruise and 

depth is shown in Table 5.1. 

5.2.1 Multivariate analysis 

Community structure was investigated using two multivariate techniques, 

cluster analysis and ordination using non-metric multidimensional scaling (MDS). The 

multivariate analysis was conducted for selected surveys separately and for the pooled 

data from all the surveys together. Teleosts, elasmobranchs, and cephalopod identified 

to species level were considered for the multivariate analysis. The catch rate (by mass) 

of each species was then root-root transformed, to reduce the influence of abundant 

species on the resemblance matrix. Then a resemblance matrix was created using the 

Bray-Curtis measure of (dis) similarity. This measure of resemblance is most favored, 

among the other measure of resemblance [see Clarke and Gorley (2006), for some of 

the available measure of distance or (dis )sirnilarityl, due to its possession of important 

properties of significance for ecological data: a) joint absence of species from samples 

has no effect on the coefficient, b) a scale change in the measurement does not affect 

the value of the coefficient, c) it takes the highest value (100% for similarity) when 

samples~e identical in the biotic composition and lowest value (0% for similarity) 

when two samples do not have species in common (Field et ai. 1982, Clarke and 
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Warwick 2001, Clarke et al. 2006). Cluster analysis was performed on the resemblance 

matrix using group average linkage. Based on the resulting dendrogram groups of 

stations were identified. Ordination of the multivariate data was also performed on the 

resemblance matrix, using non-metric multidimensional scaling (MDS). Before further 

use of the result of the ordination plot the measure of fit, stress value, inter-stations 

similarity in the high dimensional space and the inter-station distance in the two and 

three dimensions were checked. Though a stress value of < 0.05 is generally considered 

a good fit for the two-dimensional ordination plot (Clarke and Gorley 2006), cross 

comparison of groups from the cluster analysis and that of the multidimensional 

scaling is suggested as good practice for checking the satisfactory and consistent 

representation of the multivariate data (Clarke and Gorley 2006). 

Differences in community structure by depth strata were assessed using one-way 

ANOSIM Analysis of similarity, (Clarke and Warwick 2001). The station by species 

data matrix was averaged into years by species matrix, for each season, for assessment 

of temporal changes in community structure. The resemblance matrix was then 

constructed based on the root-root transformed catch rate data. The Bray-Curtis 

measure of similarity was used as a measure of resemblance. Ordination by MDS was 

done on the resemblance matrix. 

All the multivariate analyses are done in PRIMER-E, verSlOn 6 (Clarke and 

Gorley 2006). The Analysis of Variance on the MDS aXIS scores was done III 

STATISTICA version 7. 
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Processing of axis scores 

As the data matrix for the whole survey period comprised 1800 stations by 110 

species, visual assessment of the dendrogram and ordination plot is difficult; thus for 

the case where individual stations are included, the axis scores for the three 

dimensional configuration were analyzed using main effects two-way Analysis of 

Variance. The analysis was conducted for each season separately. The mam effect 

ANOVA comprised 12 years for the autumn season and nine years for spring and three 

depth strata (100m, 200m, and 500m). Interaction effects were not included as the 

design was not fully crossed. Sampling of the 201 - 500m depth stratum (Table 4.1) 

was insufficient for full analysis. 

The following two-way main effect ANOVA model was used 

Where Y'jk is the axis score for year i depth stratum j and station k 

p, is the intercept 

ai is year effect pooling over all depth strata 

Pi is depth stratum effect pooling over all years 

eijk is the residual error term 
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5.2.2 Analysis of environmental data 

A set of environmental data was collected during each survey and analyzed for 

trends over time and relationships among the environmental variables (temperature, 

salinity, and oxygen concentration), depth and longitude, investigated using Pearson's 

correlation coefficient. As can be seen in the correlation matrix in Table 5.1 most of 

the environmental variables were highly correlated, except for depth and longitude of 

the survey stations, thus raising the issue of co-linearity for the subsequent use of the 

variables in relating to the community structure. Quinn and Keough (2002) 

highlighted the important effects of co-linearity in regression type analysis where 

severe co-linearity affects: the estimated regression parameter, inflation in the standard 

error and hence in the confidence interval of the regression slopes. The simplest way to 

remove the impact of co-linearity is to exclude the redundant variables. A second 

method is to do a principal component regression analysis, where regression is done on 

the principal component extracted from the variables by sample matrix. The third, 

which the authors acknowledge as biased, is to do ridge regression analysis (Quinn and 

Keough 2002). Thus in this study, because of co-linearity and the large number of 

missing values in the environmental variables, and because the depth contours in the 

study area generally run east/west (Fig. 2.1) only depth and longitude of individual 

stations are used in relating the community structure to the environment. 
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5.2.3 Analysis of catch rate 

The mean catch rate was analyzed for its spatial and temporal change over the 

study period. The catch rate was related to depth and longitude of the stations. The 

temporal trend was assessed using Analysis of Covariance (ANCOVA), with depth and 

longitude as covariates. The analysis was conducted for the whole demersal community 

and for target and non-target species separately. The following ANCOVA model was 

fitted to the data: 

-
Cij = 11 + ai + P(Xij - X) + y(lu -I) + Bij 

Where: Gij is the catch in station j in year i 

p is the intercept term 

ai is the year effect 

fJ and yare coefficients of the covariates depth and longitude of a station in a 

particular year, respectively 

Xij is the depth of station j in year i, and X is the mean depth 

Iii is the longitude of station j in year i, and I is the mean longitude 

8,j is the residual error term 

5.2.4 Spatial and temporal trend in the fishing effort 

The temporal progression in the spatial distribution of the commercial demersal 

trawl fishing effort is summarized for four periods (1980 - 1984, 1985 - 1989, 1990 -

92 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 Dynamics in community structure on the south coast 

1994, 1995 - 1999, and 2000 - 2002) and for the long line fishery two periods (1994 -

1998, 1999 - 2003). 

5.3 Results 

5.3.1 Analysis of environmental data 

The pair-wise correlation among temperature (oG), salinity (ppt) , oxygen 

(mIlL), depth (m), and longitude is shown in Table 5.1. Longitude was positively 

correlated to temperature, salinity, and oxygen in autumn but negatively correlated in 

spring. The correlation between depth and oxygen concentration also changed from 

positive in spring to negative in autumn. All other correlations were the same direction 

in spring and autumn, although the strength varies. The weak but significant 

correlation between depth and longitude is probably the reflection of the configuration 

of the coast where as one moves toward the east, the shelf tend to be narrower and 

steep gradient develops from shallower to deep water. The spatial pattern of 

distribution of temperature, salinity, and oxygen was explored graphically by fitting a 

second order polynomial regression to the pooled data from the whole survey (Fig. 

5.1). In autumn temperature and salinity decline with depth to about 300m and 

increased with longitude towards the east whereas oxygen concentration increased 

towards deeper water and towards the east. In spring both temperature and salinity 

declined with increasing depth but the trend with longitude is reversed and shows a 
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,c"""""",,",,,,~ ____________ ,D",~'naJ1]h:_~ in~munitl' 'tincture on the south cu,,,t 

decliue towmd" lhe ,,,,"l. The "plJ.liaJ pattern of oXY:;';f'n concf'ntratioll in sprin,.; also 

The temporal trcud 1Il UJC cliyicollIllcntill variable!< is ~llOwn ill Figure ,~,2. The 

trends differ oot"'f'~n th~ two ""noo,," in antumn only s~linit.y uc'<.:liucu siguificauliy 

with tUlle (t =- -2.1l2, u=- lL P < O.O~), temperature alw d""lincd iJightly {but not 

,igllific""tj over th~ "turly p~riod wlwrf'as oxy)';~n con~~ntr~,ion v~ried lliter-~Illill~lly 

wj,h nO denl' trend. In coulr",,! none of the CllY;l'Olllllcntal variahlffi "how~d " 

Tahle .~,L Correlation matrix of '-'l1~iromn~"tal ,·ariahl .. " ill Ill<" two sea-wne h~.o,cd on 

Pc",,,on'~ product moment correlation, r, Corrf'intion" "r~ ~aklllatf'<1 for t.lw pooh-..i 

data from all the "un-c,'s. Th~ ~hadf'd/uPI"'r triangular matrix i" for "pring and t.h~ 

lower triangular matrix i" [or autulllll. All cOI'relation.s arc sigIlifirant at 110.~ level 01' 

"ig11ificance 

Autumn! Spring Loog ilude Depth Temperature Salinity Oxyge~ , . 
Longolude ..... ' .. ,. ..... ..." ~ 
~"" 

0.08 ""1 . ~ .. ..0 IS , 
Temperature 0.29 ·055 .". . .. 
Salinity 032 -0.47 083 OSI 

O,yge~ 0.43 0.17 0.29 0.21 
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oxygen for autlUllll (elo8f>d ~irdf') and spring (op" n eirelf') 

5.~.2 Catch rates 

~OIIllllUIIity and for thc (,mg"t N.ld non-target compommts sf'pamtely, The l"ast "'lll~r" 

wmpoIlcIIC' 1m' thc cnl in' south ~oa"t ,mel lwo depth "crala, 0 -1 00m ,,,KlI01- 2C~)m, 

1U"f' Ehmvn in Figure ,J.:3. Th" cakh rates of the whole demer.<al community and th" 

tMI',,,tm ~nmponent show an inir,iru incrf'''''' towards the mid 19!1(lI; afler whi~l! t.hey 
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= 2.1';()1( n = 12, p o.o,~) (Fig, ') .. 1a). For t.hp 0 - 100m lkplh ,lr>l.lmll lhere w>l.'< no 

cl"'l.r tr~nrl ()V~I' t\ lll~ for th~ whol~ wmmu"ity. or for the targct and lloll-tarl'.<'t 

comp<!ncnlci Chg. ;' .. 1b). For thc 101 - 200m dcpth slralmll th~ !Hl'all ('~vh n,t~ for rlw 

nOll.t~rg~t colllpon~nt~ lTlCr~aSM ow'r time in both ",,".SOIlR (autumn: t = .1.3%, II = 

12, J! 0.01 .. 'pr1ll8' t = ;j,!j(j!:\, II = g, P < 0,01 L no change for th .. largcwd 

~omp<>llelll and all inn""M for whole community (t = '1.~(jS, II = 12, P - 0,0,,)) (Fi,o: 

_~ ,3c). Thus the subst.antial inerea.>e in the catch rate of the whok dellleT,al 

COllllllunity;n lhe 10l - 200m rl .. pth M,ralUlll is proh~hlv dlle to the rise in th" catch 

fi.:L:\ Multivariate an~lysi, 

t he ~()lIlmllnit,' ~l-nldure 1'1", ~omllnllut,.\' citrudure of llw ""uth CO""\. from tIll' lnn3 
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wnlIlIunitic", by depth "tralUllI (g1ohal It 0.469, I-' - 0,1%). "illlil",.lv t.he I-'"ir-wi;;" 

~oIIlI-'~"i"'-'ll of the tit,."", rlf.l-'th ~trat~ cOllfinnoo 5i:>:nificant difff'renc~ mllollg the d~l-'th 

"tratl\ (0 - 100m "" 101 - 200m. R ~ 0.288. l' _ 0.170; 0 - 100m V" Wi 5()01lI. R = 
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Chapter 5 Dynamics in community structure on the south coast 

The temporal aspect of the community structure was investigated in two ways; 

first, ordination of samples by species matrix, in this case the sample represent survey 

years so that the catch rate of each species is averaged by year. This was done for both 

the autumn and spring seasons. The second approach was analyzing the axis scores for 

each survey station from the multidimensional scaling using main effect two-way 

Analysis of Variance (ANOVA). 

Figure 5.6 shows the ordination plots for the south coast demersal community 

based on mean catch rate by year of all the species for the surveys in both autumn and 

spring. It is clearly shown that the community structure has changed with time, for 

the autumn survey, from the beginning of the 1990s to the year 2003 (Fig. 5.6a). A 

similar pattern of change in the community structure has also been observed for spring 

(Fig. 5.6b), thus suggesting consistent trends over time despite seasonal differences. 

The trend in the species groups related to the axis scores of the MDS for autumn 

surveys is depicted in Figure 5.7. 
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Figure 5.7. Trend in the mean catch rate of species groups that were positively 

(axisl+ve-ln(catchRate+» and negatively correlated with axis 1 score (axis1-ve­

In( catchRate+ ). 

The changes in the community structure were mainly driven by two contrasting 

changes. Groups of species that were positively correlated with scores of axis 1 declined 

with time whereas those that were negatively correlated with axis 1 scores increased in 

relative abundance over time. Spearman's rank correlation coefficient (p) was used to 

assess the correlation between the mean catch rate of each species and the MDS axis 1 

score. Species were assigned to either of the two groups (positively correlated to axis 1 
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Chapter 5 Dynamics in community structure on the south coast 

and negatively correlated to axis 1), and a cutoff value of correlation (p >=10.41) was 

used, arbitrarily selected, for grouping. 
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Figure 5.8. Trend in the least square means of the axis scores of the second and third 

axis for surveys conducted in autumn. Vertical bars are ± 2 standard errors. 

The result of the main effect ANOVA is shown in Table 5.2. Except for axis 1, 

survey year has a significant effect on the axis 2 and axis 3 scores for all the autumn 

surveys. The corresponding least square means of these axes is shown in Figure 5.8. 

Both axes scores have increased over time, as the different axes are supposed to 

represent different aspects of species composition it is apparent that the species 

composition on this coast has changed with time. However, analysis Qf the scores for 

the three MDS axes still suggests that the major mode of variation in the community 
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Chapter 5 Dynamics in community structure on the south coast 

structure is along the depth gradient, while the second and third MDS axes summarize 

the temporal component of variation in species composition. 

Table 5.2. Result of the main effect two way ANOVA test on the axis scores of each 

sampling stations over the whole survey period, for the autumn and spring survey 

separately. 

Season Axis Effect Sum of Square Degr. of Freedom Mean sum of Sauare F 0 

Autumn Axis 1 Intercept 113.612 1 113.612 580.72 0.0000 

Year 2.670 11 0.243 1.24 0.2549 

DePth category 433.004 2 216.502 1106.64 0.0000 

Error 197.400 1009 0.196 

Axis 2 Intercept 6.563 1 6.563 35.15 0.0000 

Year 4.870 11 0.443 2.37 0.0068 

Depth cateaorv 33.959 2 16.979 90.93 0.0000 

Error 166.410 1009 0.187 

Axis 3 Interceot 1.496 1 1.496 10.96 0.0010 

Year 7.744 11 0.704 5,16 0,0000 

Depth category 5.155 2 2.577 16.88 0,0000 

Error 137,758 1009 0.137 

Spring Axis 1 Intercept 71.079 1 71.079 273.61 0,0000 

Year 4.375 8 0.547 2,10 0,0331 

Depth category 196.853 2 98.426 378,87 0,0000 

Error 198.737 765 0,260 

Axis 2 Intercept 4,541 1 4,541 18,52 0,0000 

Year 3,792 8 0,474 1,93 0,0524 

Depth category 15.507 2 7,753 31.61 0,0000 

Error 167.613 765 0.245 

Axis 3 Intercept 3,335 1 3.335 20,93 0,0000 

Year 0,954 B 0,119 0.75 0,6486 

Depth category 6.642 2 3,321 20,85 0.0000 

Error 121.866 765 0,159 
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