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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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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 

27 
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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 

28 
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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). 

29 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 2 Effects of fishing on the linefish species 

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. 
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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. 

47 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 3 Comparison of fish Community size spectra 

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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(a) S Cape 

• • • • • • • 5 • • • • • 1 • • • • • • • • • • • 4 0 • 0 -1 ~ 0 
0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 -3 0 0 0 0 0 
0 

• Mean length 0 0 
2 

o Length frequency 
-5 

(b) SE Cape 

5 • • • • .. • • • • • 4 • -1 .. .. • • • 3 ~ 0 .. 0 0 0 0 -3 • • • e 0 0 0 0 0 0 e ~ 0 
0 0 

2 -5· • 0 0 0 0 

, ~ 0 0 0 
I- UJ 
J: a. 
C) (c)SWCape 0 
w -' 

(/) 
J: • • • • • • 5 • • .. 

• • • • 4 -1 • • • • • • 0 • • • 0 .. • 3 0 0 0 0 0 
0 -3 0 • 0 0 0 0 0 0 0 0 0 0 0 2 0 0 -5 0 0 0 

0 

(d)WCape 
l 

5 • • • 
0 0 0 • 0 0 0 

0 4 0 -1 • • 0 • 0 
0 • 0 • • • 0 

3 o Q Q • • • • -3 • 0 o 0 

• 0 
0 0 • • 

2 • • • 0 • -5 

1987 1989 1991 1993 1995 1997 1987 1989 1991 1993 1995 1997 

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 

56 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 4 Changes in the size structure on the south coast 

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. 
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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. 
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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 -
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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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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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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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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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5.3.4 Analysis of fisbing effort 

Figure 5.9 shows the spatial distribution of the commercial demersal trawl 

fishing effort and longline fishing effort. On the south coast, the majority of the 

demersal fishing effort is concentrated between 20° and 23° E and on the east coast. 

For the longline fishery comparison of the distribution of the effort in the two periods 

shows that both the magnitude and the spatial coverage of the fishing effort have 

increased over the recent period. 

5.4 Discussion 

Assessment of the spatial and temporal trends of measured environmental 

variables suggests that they differ between autumn and spring seasons, though bottom 

(within 10m of the sea floor) temperature and salinity declined with time in the 

autumn season with no clear trend in spring. These contrasting trends between the 

two seasons suggest different responses of the demersal community over time in each 

season if observed changes in community structure are solely to be attributed to a 

strong environmental driver. A snapshot of the community structure of the demersal 

fishes (Fig. 5.6) confirms the conclusion of previous studies (Smale et al. 1993), that 

depth is the main structuring physical factor separating three distinct demersal 

communities. But the strong correlation between depth and the environmental 

variables suggests observed depth related structuring could also be co¢ounded by the 

environmental variables (temperature, oxygen concentration, and salinity). 
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Similar depth-related changes in community structure of demersal fish communities 

have been reported from studies elsewhere for example off Alaska, Mueter and 

Norcross (1999) and off Angola, Bianchi (1992). Strongly depth related change in the 

diversity of this community is also shown in Chapter 6, based on variety of diversity 

indices. 

The results suggest that the demersal community of the south coast of South 

Africa has changed in a number of aspects over the past 18 years. The mean catch rate 

of the non-targeted components of the community has increased, especially in the 101 -

200m depth stratum, whereas catch rate for the rest of the community has remained 

stable. Such an increase in the non-targeted component might be an indirect effect of 

fishing where the dominant targeted species has kept at a certain level or starting to 

decline due to fishing. Structural changes in community structure could also be further 

enhanced by trophic interactions within the system, usually making determination of 

the cause (or important cause when two more processes act in synergy) of the changes 

difficult, if not impossible. A related temporal response of fish communities has been 

reported for the Georges Bank, where over harvesting of the dominant species was 

followed by an increase in the abundance of species that were suppressed competitively 

or by their predators (Fogarty and Murawsky 1998). A similar but rather substantial 

shift has been observed in the demersal community of the Gulf of Alaska, which has 

shifted from a system dominated by shrimp and small forage fishes to a system 

dominated by large piscivorous gadid and flatfish species (Mueter and Norcross 2000). 

111 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 Dynamics in community structure on the south coast 

The overall mean catch rate and mean catch rate of the target component appears to 

stabilize with a slight decline in the 2000s after an initial increase in early 1990s. 

Both the results of the MDS ordination on the detailed station by species 

matrix, and year by species matrix highlight that there has been temporal change in 

the community structure. This change in community structure, in both seasons, is due 

to changes in the relative abundance of groups of species which may be attributed to 

the direct and indirect effects of fishing. Furthermore this impact of fishing might also 

be acting in synergy with the decline in bottom temperature and salinity on this coast, 

though only observed in autumn, which may also be an important source of change 

through their effect on the growth rate. A case of similar biotic response but opposite 

trend in the environmental variables has been reported for the Canadian Scotian shelf; 

where a decline in the mean weight of the species and steepness of the slope of the size 

spectra over time was observed on the east and west Scotia while a decline and an 

increase in the bottom temperature was observed for the Scotia shelf (Zwanenburg 

2000). The trend in the mean catch rate of the two groups of species that were 

positively and negatively correlated with the MDS axis 1 score suggests that the 

temporal changes in community structure on this coast are reflected in the contrasting 

trends of relative abundance of the two groups of species. Those species that were 

positively correlated with axis 1 declined over time whereas those that were negatively 

correlated increased over time. The overall output strongly indicates that the structure 

of the demersal fish community has changed with time over the temporal bounds of 
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the study. These changes in the community structure may be attributed to the impact 

of increased fishing from the longstanding demersal trawl fishery and mainly the newly 

introduced long line fishery combined with the other fishing operations on this coast. 
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Chapter 6 Patterns of Diversity on the south coast 

Chapter 6 Patterns in the diversity of demersal fish communities off 

the south coast of South Africa 

Abstract 

The diversity of ecological communities has been the focus of many studies. Some of 

the context for this is to track the impact of disturbances, on communities and to 

study the role of community structure in the functioning of ecosystems. The spatial 

and temporal patterns in the diversity of the south coast demersal fish communities 

have been investigated using selected sets of diversity indices. Species diversity 

declined with increasing depth. Diversity is related in an inverted bell shape to 

longitude, with regions around the middle of the south coast being characterized by 

lower diversity. On the other hand, the taxonomic distinctness index (~*) showed 

an increase in the taxonomic heterogeneity of the demersal community below the 

200m isobath. Assessment of the temporal trend in diversity indicates that survey 

year has a significant effect on all diversity indices except the taxonomic 

distinctness index. An increase in diversity and decline in dominance was observed 

with time. This may be result of a decline in the abundance of dominant species or 

an increase in the abundance less dominant species, or a combination of both. 

Multivariate analysis of the set of diversity indices produced three groups of indices; 

those reflecting species richness (8, Margalef's d), those measuring mainly 

taxonomic relatedness (~*), and those balancing the richness and evenness 

components of diversity (J', H', A, ~, Hill's N1, and Hill's N2). The relationship 

between evenness, catch rate, and size was also investigated. Size classes with 

highest evenness were found to have lowest catch rate and VIce versa. This 

highlights the need to consider the size and/or trophic level of species when linking 

diversity to the functioning of ecosystems. 

Keywords: diversity, maximum length, catch, depth, longitude, South Africa 
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6.1 Introduction 

The diversity of ecological communities has been studied in different 

ecosystems around the world in various contexts ranging from purely descriptive 

studies of the structural and functional heterogeneity of the community, as 

comparative measures between ecological communities, as metrics for tracking 

changes in a community resulting from natural phenomena and those resulting from 

anthropogenic causes, to complex situations where it is related to the functioning of 

ecosystems. There are a number of studies in terrestrial ecosystems, relating 

diversity at the base of the food web or across food webs to the functioning of 

ecosystems, through its influence on ecological processes (Grime 1997, Hooper and 

Vitousek 1997, Tilman et ai. 1997). For example Hooper and Vitousek (1997) found 

that, based on experimental manipulation, the functional richness and composition 

of plants influence some of the processes of production and nutrient cycling. In their 

study plant composition was a more important factor in explaining the variability 

in the nitrogen dynamics and production as compared to functional richness. 

Similarly the work of Tilman et al. (1997) on terrestrial primary producers 

demonstrated the influence of functional diversity and functional composition on 

various ecological attributes: productivity, percent of nitrogen, and total nitrogen of 

plants and light penetration. The marine counterparts of the terrestrial diversity 

and ecosystem process studies, with experimental manipulation, includes those of 

Bolam et al. (2002) and Hall et al. (2000). The study of Bolam et al. (2002) 

addresses the issue by experimental manipulation of richness and biomass of marine 

benthos in Blackness, Scotland, and found that except for oxygen consumption, 
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none of the ecosystem processes or functions were related to the level of richness or 

biomass of macro-invertebrate fauna. On the other hand, Hall et ai. (2000) looked 

at nutrient enrichment and the response of the fauna and flora of a mud flat 

community: the diversity of flora increased in enriched experimental plots but the 

diversity of the fauna did not follow that of the flora linearly, instead it had a bell­

shaped relationship with the diversity of the flora. Unfortunately biodiversity of 

various ecosystems is affected by the direct and indirect impacts of mans action: 

through habitat destruction, harvesting of components of the ecological community, 

the result of the direct impact manifested in the trophic or competitive interaction 

of the biotic community, nutrient overload of coastal systems that seriously alter 

the composition and diversity, and changes in the planets biogeochemical cycles 

(Vitousek et ai. 1997). 

One of the direct and indirect impacts of man on many marine ecosystems is 

over harvesting, and in the process, habitat damage by capture fisheries. There are 

a number of studies around the world documenting the substantial impact of heavy 

fishing on the structure of fish communities (Pauly 1998, Bianchi et ai. 2000, 

Jennings et al. 200la, Jennings et al. 2002). One of the reported responses of fish 

communities, in terms of diversity, is increasing steepness of the diversity size 

spectra (Rice and Gislason 1996, Gislason and Rice 1998), which suggests a 

progressive decline in the diversity within the larger size classes and an increase in 

the diversity within the smaller size classes. Greenstreet et al. ~1999) found a 

decline in the diversity of non-target species in heavily fished regions. They also 

found spatial differences in the diversity of the Northeast Atlantic shelf sea areas 
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where inshore and Southern areas were characterized by a higher diversity of 

demersal fishes whereas the offshore and Northern regions had a lower diversity. 

A number of studies relate diversity of nearshore, shelf, and slope 

communities of different marine ecosystems to the prevailing environmental 

parameters (temperatue, oxygen concentration, and salinity), depth, latitude and 

longitude. Analysis of survey data from the Gulf of Alaska showed that diversity of 

the demersal fish communities was related to depth in a bell shaped form where 

lower diversity was observed in shallow water, with an increase in diversity down to 

200 - 300m below which it declined (Mueter and Norcross 2002). They also found a 

lower diversity and higher Catch Per Unit Effort (CPUE) of demersal fishes on the 

Western part of the gulf whereas the Eastern part is characterized by higher 

diversity and lower CPUE. McClatchie et ai. (1997) found that species richness of 

demersal fishes off New Zealand decreased with latitude, moving South, but 

increased with depth. Areas of increased species richness were also found associated 

with regions of high productivity. In addition they reported that richness was 

positively related to catch rates whereas evenness was inversely related to catch 

rate. Macpherson and Duarte (1994) investigated the pattern of change in the 

richness, size, and distributional range of East Atlantic fishes and found that 

richness of both teleost and elasmobranches increased towards higher latitudes. 

Richness, maximum size and latitudinal range of the fish communities were also 

found to increase with depth. The trend in the diversity or richness of other taxa 

(benthos) also appears to increase with depth (Grassle and Maciolek 1992). They 

found higher diversity and richness of benthos off the East coast of the United 
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States around depth of 1500 - 2500m than shallower. There are few studies that 

relate evenness or any measure of diversity to catch rate and trophic level or size 

composition (as a proxy for trophic level). 

A number of diversity indices have been proposed by ecologists, mainly those 

based on balancing the richness and evenness components of diversity. Selecting 

among these indices is difficult, highlighting a need for a way to explore the 

influence of a variety of diversity indices on the assessments that an investigator 

wishes to make. To this end Clarke and Gorley (2006) showed a neat way to 

achieve the above objective through multivariate analysis of sets diversity indices. 

This study makes use of this opportunity to investigate the relationship among the 

various diversity indices and discusses the findings in light of the possible 

conclusions that could be drawn about the fish community under study. 

This study is based on the demersal fish communities of the south coast of 

South Africa which supports a number of demersal fish communities. There are a 

number of studies addressing different aspects these communities: feeding ecology 

and trophic interactions (Sauer and Lipinski 1991, Smale 1992, Pillar and Wilkinson 

1995), spatial distribution (Botha 1985, Badenhorst and Smale 1991, Smale 1991), 

biology and population dynamic (Bennett 1993), fisheries (Japp et ai. 1994). The 

demersal fish communities of the south coast of South Africa are exploited by a 

number of fishing sectors using a variety of fishing gear and varying in their 

selectivity, degree of interaction with the bottom habitat, and targeting various 

species. The only study on this coast that looked into aspects of the community 

structure was that of Smale et al. (1993), and using multivariate techniques which 
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showed the existence of three assemblages related to depth. Temperature and 

oxygen concentration were found to be different among the three depth ranges. 

This study aims to assess the temporal changes in the diversity of the south 

coast demersal fish communities (teleosts, elasmobranches, and cephalopods) and to 

investigate the relationship of diversity to physical and environmental conditions. 

Temporal patterns in the diversity of fish communities on the south coast of South 

Africa have not been investigated previously. Further this study also attempts to 

show empirical relationships between catch rate, diversity and maximum observed 

length (Lmax) of a species (generally believed to reflect the trophic level of the 

species) in an ecosystem and discuss this issue in the light of possible consequences 

of impact on the diversity of any groups to the functioning of the whole ecosystem. 

6.2 Methods 

Details of the sources of the data used, the spatial and temporal bounds, 

standardization of the data, and distribution of trawling stations by depth stratum 

(Table 5.1) are given Chapter 4. The spatial boundary of the study represents the 

South and Southeastern Cape in Figure 2.1, between 20° E and 2'tl E. 
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6.2.1 Measures of diversity 

There are numerous diversity indices available and in use. As the choice of 

diversity index could affect the conclusion drawn, a variety of diversity indices was 

calculated for each trawling station and a correlation matrix (based on Pearson's 

product moment correlation) was created describing pair-wise correlations of each 

of the diversity indices. This correlation matrix was then converted to similarity 

percentages by taking the absolute value of the correlation values and multiplying 

by 100 (Clarke and Gorley 2006). 

The following diversity indices were calculated to explore the issue of choice 

of diversity indices, formulas are as outlined in Clarke and Gorley (2006) and 

Magurran (2004): catch rates of each species were used in calculating the indices. 

Species richness = S 

(s -1) 
Margalef's (d) = 

loge(N) 

Shannon-weiner index (H') = - LPi*loge(Pi) 

H' H' 
Pielou's evenness index (J'J = loge(s) or H'max 
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Simpson's index (A) = L P? 

Hill's first index (Nl) = exp(H') 

1 
1 

or -
A 

Hill's second index (N2) = L p? 

Where H'max is where the Shannon-Weiner index reaches a maximum 

S is the total number of species 

N is abundance of all the species 

Pi is proportion of species i in the sample 

Diversity indices based on taxonomic relatedness 

The following diversity indices were calculated base on catch rate data of 

each species and information on the taxonomic relatedness of each species (which is 

provided on additional data matrix reflecting the taxonomic hierarchy of each 

species). 

Average taxonomic diversity (/1), and Average taxonomic distinctness (/1 *) 

(Warwick and Clarke 1995) 

~ = (1: 1: i < j Wij Xi Xi) 
(N(N -1)/2) 
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Where 

d* = eLLi < j Wij Xi Xj) 
(LLi < j Xi Xj) 

W;j is the weighting given to each taxonomic hierarchy 

Xi and Xj are abundance of species i and j respectively 

N is the total abundance of all species in the sample 

The double summation in the numerator of both indices and 

denominator of taxonomic distinctness index (d *) is over all pairs of 

species i and j such that (i, j = 1, 2, 3, ....... , S; i < j) 

Pielou's evenness index (J'), Shannon-weiner diversity index (H'), Simpson's index 

(A), average taxonomic diversity (d) and average taxonomic distinctness (d *) were 

used to investigate the temporal trend. The same indices (except that A was replaced 

by species richness S) were used to investigate spatial patterns (relationship to depth 

and longitude) in the diversity. 

The temporal trend in the diversity of the demersal assemblages, based on few 

selected indices, was investigated using a GLM model of the following type: 

Where DiY is the diversity index for station i in year y 

f.l is the intercept; Z;y is depth of station i in year y 

L;y is longitude of station i in year y; G iy is In(total catch) of 

station i in year y; eill residual error term 
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higher diversity at 20° E, declining towards the middle of the south coast and 

increasing again from about 24° E eastwards (Fig. 6.1d - 6.1£). The two indices 

based on taxonomic relatedness (taxonomic diversity ~ and taxonomic distinctness 

~ *) show different patterns with depth. Initially both indices decline steeply with 

increasing depth, but ~ remain relatively stable below the 200m isobath (Fig. 6.2a) 

whereas ~ * increases (Fig. 6.2b). They also show slightly differing longitudinal 

trends, with ~ similar to both JI and H' whereas that of ~ * is more similar to S 

(Figs. 6.2c and 6.2d). All the diversity indices suggest that part of the south coast 

(between Platenberg Bay and Cape St. Francis, around 24°E) has the lowest 

diversity. 

tOO 

a 

c 

200 300 

depth 

depth 

Figure 6.1a, b, and c. 

400 100 200 300 400 500 

b depth 
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The temporal trend in both species- and taxonomic-based diversity indices 

was assessed using a General Linear Model (GLM). The results of the GLM 

analyses show that for almost all of the diversity indices depth is the most 

important factor followed by longitude and survey year (Table 6.1). Survey year is 

a significant effect for all of the diversity indices, except for ~ *. Figure 6.3 shows a 

positive trend over time in the least square means of JI, H', ~, ~ *, whereas the 

trend is negative for Simpson's index (2). There is a significant increase in evenness 

JI and diversity H' over time, conversely a decline in dominance 2 (Table 6.1). 
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6.4b) to show the relationships within the two remaining clusters. The variation in 

the multivariate structure of the diversity indices can be summarized on the 

horizontal axis that separates indices that are more richness based from those that 

balance the richness and evenness components to various degrees, whereas the 

second axes (vertical) summarizes the information on how related the different 

indices are, for example A is closely related ..{ than to the rest of the diversity 

indices. Similarly H' and JI are more close to each other; the same applies to Hill's 

Nl and N2 and the two measures of richness (S, and d). Principal component 

analysis of the diversity indices per station matrix, after normalizing the variables 

(diversity indices), confirms that more than 93% of the variance can be explained 

by the first two principal component. 

Figure 6.5 shows the trend in the mean evenness (J') vs Lmax groups and 

mean catch rate vs Lmax groups. The catch rate increases from the smallest Lmax 

classes 36.2cm to the medium Lmax class 125.2cm and declined for the two largest 

Lmax classes whereas the evenness showed the opposite trend. A different form of the 

relationship between catch rates, evenness, and Lmax is shown in Figure 6.6. This 

figure shows that the above three factors are related in complex ways and size 

groups with high catch rates tend to have lowest evenness. High catch rate were 

associated with the second and third Lmax classes and that have low to medium 

evenness. Largest Lmax classes and higher evenness values were associated with lower 

catch rates. 
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Figure 6.3. Temporal trend in the least square means of species diversity; pielou's 

evenness index (J'), Shannon-weiner index (H'), Simpson's index (J) (a, b, and c), 

diversity indices based on taxonomic relatedness; taxonomic diversity (~), 

taxonomic distinctness (~*) (d and e). Vertical bars give 95% confidence intervals. 
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6.4 Discussion 

The relationship of the various diversity indices to depth and to longitude 

shows that, the diversity of the demersal assemblage on the south coast declines 

quasi-linearly with depth. This decline in the diversity indices is likely to be the 

combined effects of both the richness and evenness components of diversity, as 

clearly shown in Figure 6.1. In contrast to our observation, Mueter and Norcross 

(2002) found that diversity of demersal fish community in the Gulf of Alaska was 

uni-modally related to depth with highest diversity around 200 - 300m; their study 

was also based on surveys conducted within the same depth range as this study (15 

- 500m). On the other hand McClatchie et al. (1997) reported that richness of the 

demersal fish community off New Zealand increased with depth, however their 

study covers a wider depth range (80 - 898m). Similarly, an increase in species 

richness with depth was reported for East Atlantic fishes by Macpherson and 

Duarte (1994). Thus the increase in richness as reported in the two studies 

(Macpherson and Duarte 1994, McClatchie et al. 1997) occurred out side the depth 

range covered by this study. The increase in richness in waters deeper than 500m 

seems also to be the case for fishes and crustaceans off the West and south coast of 

South Africa (Dr. Rob Leslie, MCM, Pers.comm). 
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Figure 6.4a. 
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Figure 6.4b. 

Figure 6.4. Multivariate analysis of the nine diversity indices using the nonmetric 

multidimensional scaling (a), and similar ordination for the subset of the diversity 

indices excluding the taxonomic distinctness index (b). 
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Though the direction, the form, and the rate of change in species diversity 

differs between this study and those mentioned above, they all agree that depth is 

the main physical factor along which the diversity of marine demersal fishes 

changes. The differences in the form of response of diversity to depth may be result 

of the sampling strategy and gear, for example Mueter and Norcross (1999, 2000) 

they only sampled juveniles and small adults. Some of the reasons for higher 

diversity in waters shallower than 200m, reported here, could be due to the greater 

structural heterogeneity of the bottom and possibly higher productivity in contrast 

to deeper waters. McClatchie et ai. (1997) associated of diversity hot-spots with 

areas of higher productivity. The relationship of taxonomic diversity (~) to depth 

was slightly different from that of the rest of species diversity indices where it 

declined sharply to the 200m depth below which it stabilized. This might be a 

reflection of constancy in the taxonomic heterogeneity of the community or in the 

evenness component. On the other hand the rise in the taxonomic distinctness 

below 200m highlights an increase in the taxonomic heterogeneity of the demersal 

community as the taxonomic distinctness is a pure measure of taxonomic 

relatedness (Clarke and Warwick 1998). Thus, the pattern of change in the 

taxonomic diversity (~) and taxonomic distinctness (~*) with depth indicates that 

the demersal community in the deeper regions is characterized by greater richness 

above the species level, and constant evenness. 
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Figure 6.5. Plot of the mean catch rate (closed boxes) and pielou's evenness index 

(J1
) (closed circles) vs mean Lmax' Error bars are standard deviations. 

The temporal change in the speCIes diversity indices and taxonomic 

diversity, in the direction of increasing diversity and decline in dominance over 

time, (except for that of taxonomic distinctness) could be the result of an increase 

in abundance of species or groups of species that were previously less abundant. 

They could also be result of a decline in the abundance of previously dominant 

species (mainly the shallow water Cape hake and deep water hake, horse mackerel 

M erluccius capens?,s, M erluccius paradoxus, Trachurus trachurus capens'ts 

respectively). This kind of response with time is the same as the one reported for 

tropical ecosystems (Bianchi et ai. 2000), for the Northern North Sea (Greenstreet 

and Hall 1996, Greenstreet et al. 1999) and for the linefish community on this coast 

(Chapter 2) and is also believed to be a consequence of the differential impact of 

exploitation. The trend in the dominance of the south coast demersal community 

over the study period, is in accord with the study that assessed long-term changes 

134 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 6 Patterns of Diversity on the south coast 

in the linefish community structure (reported in Chapter 2) where a decline in the 

dominance structure was observed from the comparison of the dominance structure 

among three periods (1897 - 1906, 1927 - 1932, and 1986 - 1998). Though the time 

scale of this study and that on the linefish community is different, the trend in the 

dominance structure over the three periods suggests over harvesting of the 

previously dominant species, on this speCIes rich coast, is likely to result in 

increasing evenness. Studies from other tropical regions, though the south coast is a 

warm temperate region, also documented similar response over time (Bianchi et al. 

2000), whereas studies in the Northern temperate regions (Rijnsdorp et al. 1996, 

Bianchi et al. 2000) and on the linefish community of the West coast of South 

Africa (Chapter 2) showed a reversal of the trend in dominance over time. As part 

of the impetus behind an EAF is the protection or maintenance of biodiversity of a 

system, this necessitates the need to use an appropriate set of diversity indices, but 

there are large number of diversity indices to choose from. The result (Fig. 6.4) of 

this study shows that diversity indices could be grouped into a few families so that 

the use of any index from within such a family will not change the final conclusions 

drawn. 
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Chapter 6 Patterns of Diversity on the south coast 

associated with lower fish density and areas of low productivitYi on the other hand 

areas of lower diversity were associated with high productivity of the overlying 

water. Similarly in his dynamic equilibrium model, Huston (1994) predicts that 

diversity of a community can positively or negatively change in response to 

disturbance; an increase in diversity in response to disturbance is associated with 

higher productivity and the converse is true with lower diversity. In addition, this 

study shows that the diversity of the fish community and catch rates vary among 

the various size groups. Thus studies relating productivity, diversity, and ecosystem 

processes and function need also to consider the size or trophic level of the fauna. 

Worm and Duffy (2003) also suggest the inclusion of trophic interaction in the 

study of the triads "diversity-productivity-stability", as the trophic level or size of a 

species serves as a surrogate for various traits of the species and its function in the 

ecosystem. 

This study clearly shows that the diversity of the south coast demersal fish 

community is strongly related to physical factors: depth and longitude, though 

observed changes could also be confounded by environmental variables (such as 

temperature, oxygen concentration, salinity), and potentially substrate type of the 

sea floor. Multivariate analysis of sets of diversity indices suggests that the same 

conclusions could be reached by the use of alternate diversity indices from among 

the three groups identified. Exploratory analysis shows a non-linear relationship 

among catch rate, diversity (Pielou's evenness index) and. Lmax' Analysis of the 

temporal trend in the diversity indices suggests an increase in species diversity and 

a decline in dominance over time and with increased fishing pressure. 
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Chapter 7 Assessing community changes using ABC curves 

Chapter 7 Assessing changes in the demersal fish community of the south 

coast using Abundance Biomass Comparison ABC curves 

Abstract 

The possible effect of fishing on dominance patterns in the South African south coast 

demersal fish community over the period 1986 - 2003 is assessed using Abundance 

Biomass Comparison (ABC) curves. The ABC method compares the ranked 

distribution of abundance among species against that of biomass. The temporal 

pattern in the ABC curves and the W-statistic for two depth groups (0 - 100m and 

101 - 200m) and for the whole area combined shows a gradient of change in the 

demersal assemblages from neutral (W >= 0) towards negative (W < 0) suggesting a 

disturbed or stressed condition. This corresponds to the increase in long-line fishing 

effort from 1994 - 2003, superimposed upon temporally variable hake-directed trawl 

fishing effort in the region. The ABC method shows promise as a guide for assessing 

the effects of fishing on fish communities, and is based on established r- and Iv­

selection theory. More modelling and comparative work is needed to establish 

acceptable ranges for the W-statistic and their application in an Ecosystem 

Approaches to Fisheries. 

Key words: ABC curves, effects of fishing, fish assemblages, r- and Iv- selection 
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Chapter 7 Assessing community changes using ABC curves 

7.1 Introduction 

Heavy fishing is a major threat to the structural and functional organization of 

marine ecosystems. Such effects manifest themselves directly (as a spatial or temporal 

gradient in abundance of target species, habitat destruction or decrease in mean size: 

Jennings et al. 200lb, Haedrich and Barnes 1997), or indirectly (causing or enhancing 

changes in community structure or differential effect on functional groups of the 

ecosystem; Greenstreet and Hall 1996, Garison and Link 2000) and at different times. 

Despite the effects of fishing on fish communities and the environment, previous 

attempts to regulate the effects of fishing have focused mainly on the target species. 

Currently, because some important indirect effects have been documented (Fogarty 

and Murawski 1998, Pauly et al. 1998) and the collapses of some fisheries (e.g 

Canadian Atlantic cod fishery), tremendous effort is being exerted towards 

understanding the wider effects of fishing and measuring them. Many indicators have 

been proposed to capture such effects, which all have their own merits and drawbacks, 

based on different scoring criteria (Rice 2000, Rochet and Trenkel 2003, Rice 2003, 

Shin et al. 2005, this thesis). 

Multivariate clustering methods such as classification and ordination (Field et 

al. 1982) are very sensitive at detecting changes in community structure but they do 

not show whether the changes are in the direction of a climax community (presumably 

positive) or due to natural or human-induced disturbance (presumably undesirable or 

negative). The Abundance Biomass Comparison (ABC) method was initially proposed 
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Chapter 7 Assessing community changes using ABC curves 

by Warwick (1986) as a technique for monitoring disturbance (mainly pollution 

effects) on benthic invertebrate communities by comparing dominance in terms of 

abundance with dominance in terms of biomass. Subsequently it has been applied in 

different regions and in most cases showed the expected changes in response to 

disturbance (Warwick et al. 1987, Agard et al. 1993). ABC curves have a basis III 

classical evolutionary theory of r- and k-selection. In undisturbed states, the 

community is expected to be dominated by k-selected species. As they are slow­

growing and larger-sized they are dominant in biomass but not numerically, therefore 

the biomass curve lies above the abundance curve. With increasing disturbance the 

slow-growing species cannot cope and the system starts to be dominated by r-selected 

species (fast-growing, smaller in size and opportunistic) and the biomass curve will be 

below the abundance curve (Fig. 7.1). The difference between the two curves is given 

by the W-statistic, which represents the area between the two curves and takes a 

different sign depending on whether the biomass curve is above or below the 

abundance curve. A negative sign indicates that the biomass curve lies below the 

abundance curve and suggests a disturbed community. The ABC method takes into 

account the number of species included in the analysis (Warwick and Clarke 1994). An 

advantage of the method is that each curve for any area or time will indicate the 

status of the community without the need for a spatial or temporal control against 

which to compare the index, because the biomass is compared with the abundance for 

the same time and place (Clarke and Warwick 1994). 
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ABC curves have only recently been used in a few studies on fisheries (Bianchi 

et al. 2001, Blanchard et al. 2004). For example Bianchi et al. (2001) investigated 

whether there is evidence of disturbance in the Namibian demersal fishery. They found 

differences between the shelf and slope assemblages but without a clear temporal trend 

for the shelf community, but with an increase in the gap between the biomass and 

abundance curve for the slope community, though they have not shown the trend in 

W-statistic. Validity of the method therefore remains to be confirmed for fisheries. 

This study attempts to assess the status of the South African south coast 

demersal fish community using ABC curves. A description of the fishery on this coast 

is given in Chapter 4. 

7.2 Methods 

Details of data source, spatial and temporal bound, and data standardization 

are the same as Chapters 4 to 6. The distribution of the number of trawl stations 

among the three depth strata, and environmental variable recorded are given in Table 

4.1. All the survey catch data were extracted for each species where there are 

abundance data, corrected for sample weight and catch weight difference, standardized 

to 30-minute trawl duration and summarized into depth categories. Smale et al. (1993) 

found three demersal communities of fish and cephalopods on the south coast: an 

inshore community less than 100m depth; a shelf community 90m -:;- 190m depth, and; 

a shelf edge or upper slope community greater than 200m depth. Therefore catch data 
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Chapter 7 Assessing community changes using ABC curves 

was summarized into the following depth categories: 0 - 100m, 101 - 200m, and 201 -

500m. 

ABC curves were constructed and W-statistics calculated using PRIMER 

software (Clarke and Warwick, 1994) for depth groups and the aggregate of all depth 

ranges. Only species for which there is information on the numbers and weight caught 

are included. The number of species included in the analysis ranged from 17 (May 

1988) to 72 (in April 1999 when for large number of species both abundance and 

biomass information were recorded). But this variable number of species included in 

the analysis is supposed not to affect the W-statistic as the calculation standardises the 

value of W by the number of species included in the analysis. Time series of W­

statistics were assessed for significant trends over the period considered using non­

parametric Spearman rank correlation R (Zar, 1999). The ABC curves and the W­

statistics for the depth ranges 0 - 100m and 101 - 200m were calculated but not for 

the 201 - 500m depth range as there were only few species for which information on 

numbers and weight were available and this depth range was not sampled in all 

surveys (Table 4.1), but this depth range was included in the overall analysis for the 

south coast. For each of the two depth ranges (0 - 100m and 101 - 200m) separate 

ABC curves were plotted for each season but presented on the same graph. The 

autumn and spring data were not pooled to capture the influence of seasonal dynamics. 

Longline fishing effort data for the period 1984 - 1988 were obtained from Japp 

(1989) while the rest were obtained from the Marine and Coastal Management (MCM) 
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Chapter 7 Assessing community changes using ABC curves 

division of the South African Department of Environmental Affairs and Tourism 

(DEAT). 

Calculation of W-statistic (Warwick and Clarke 1994, Magurran 2004) 

W = tCBi- Ai) ;150*CS-l)] 

Where: S = the total number of species 

Bi = percentage in biomass of species rank i 

Ai = percentage in abundance of species rank i 

Note: Bi and Ai do not necessarily refer to the same species as dominance 

in biomass and abundance may not be occupied by the same species in 

the community 

Theoretically W takes values between +1 (when biomass is dominated by a single 

species and abundance evenly distributed among the species in the community), and-1 

(when abundance is dominated by a single species and biomass evenly distributed 

among the species in the communities) (Clarke and Warwick 2001). 
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Chapter 7 Assessing community changes using ABC curves 

7.3 Results 

Figure 7.2 shows the trend in total nominal fishing effort for the south coast 

demersal trawl and longline fisheries. The trawl fishing effort was lowest in 1978 after 

the ban of foreign distant-water fleets in 1977 when South Africa declared its Exclusive 

Economic Zone. It reached its highest level in the late 1980s; thereafter it fluctuated 

and declined to the same level as in 1978. The fishing effort for the longline fishery, 

when it targeted kingklip, increased between 1984 and 1986 and reduced substantially 

in 1988 when the fishery was closed. The longline fishery was reinstated in 1994, this 

time targeting Cape hake with the effort generally increasing to the present. 

ABC plots for the 0 - 100m depth range are shown in Figure 7.3. Initially the 

biomass curve was above the abundance curve (1988 and 1989); over time the 

abundance curve overlaps with the biomass curve and eventually appears above the 

biomass curve with the corresponding W-statistic becoming more negative throughout 

the time series. Figure 7.4 shows the ABC curves for the autumn (April- June) cruises 

from 1988 to 2003 for the depth range 101 - 200m. It shows a gentle gradient of change 

in the patterns of the biomass and abundance dominance plots. For the period 1988 -

1993 the biomass curve lies above the abundance curve and has a positive W-statistic 

(suggesting a relatively undisturbed state, according to the theory of r- and kr 

selection, Warwick and Clarke, 1994). Thereafter the abundance and biomass curves 

cross each other once or twice over the length of the curves and W-statistic is negative 
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Chapter 7 Assessing community changes using ABC curves 

except for 2003 (Fig. 7.5). The W-statistic is significantly negatively correlated with 

year (Spearman R = -0.54, p < 0.05, n = 21) considering the value of W-statistic for 

both seasons. The ABC curves for the depth range of 0 - 100m follow a similar pattern 

(Fig. 7.3) and the corresponding W-statistic becomes more negative over the period 

1986 - 2003 (Spearman R = -0.68, p < 0.05, n = 21). 
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fishery and longline fishery (From MCM data and Japp (1989». 
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south coast. Plots are for surveys conducted in autumn. 
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Chapter 7 Assessing community changes using ABC curves 

between the first few years in the time series and the rest of the years where only 

gradual declines are observed, except for 1994. The other difference is the response 

between the two depth strata; a gradual change happened in the 0 - 100m depth 

stratum whereas rapid change in W-statistic was observed in the 101 - 200m depth 

stratum. This difference between the two depth strata could be a reflection of the 

differences in community structure of the two depth strata, as is reported in previous 

study (Smale et al. 1993) and briefly demonstrated in Chapter 5 of this thesis. 

Furthermore it could also be due to the fact that communities in both depth strata 

have different history of fishing. In retrospect, most of the fishing activities on this 

coast historically started in the shallower fishing grounds and progressively moved to 

deeper water, even the demersal trawl fishery off South Africa which started targeting 

Agulhas Sole on the Agulhas Bank in the 1890s. 

The results of the ABC curves and their corresponding W-statistics at different 

scales (each depth group separately and aggregating depth groups) suggest that the 

south coast demersal fish communities are becoming increasingly stressed, following 

the classification of the ABC plots by Warwick (1986). This gradient of community 

change towards a more stressed state, as illustrated by the temporal trend in W­

statistic, may be attributed to the change in fishing strategy and pressure from the 

long established demersal trawl fishery and the newly introduced demersal longline 

fishery. This fishery is extremely size selective (Japp 1989). Overall, the possible 

impact of chronic environmental damage affecting demersal assemblages over a much 
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longer period cannot be ruled out. Observed changes based on the ABC curves could 

also be related to the finding of the previous chapters: Chapter 4, changes in the size 

structure of the fish community both at the level of the whole south coast and in two 

depth stratum 0 - 100m and 101 - 200m; Chapter 5, changes in community structure 

in both the autumn and spring seasons; Chapter 6, changes in diversity of the demersal 

fish community where an increase in diversity and decrease in dominance was observed 

for the whole south coast. 

A large flux of recruit of dominant species could bias ABC analyses and lead to 

a reduction in the value of W-statistic; however, this is unlikely to be the case here 

because the trend continues for over 6 years. Nevertheless, complementary results from 

other indicators, which could be purely taxonomic or ataxonomic, would help confirm 

the observed changes, as it seems from results of previous chapters. According to 

Warwick and Clarke (1994) the response of ABC curves is mainly due to shifts in 

phyletic proportions in the benthic community and changes in the relative proportion 

of abundance and biomass of species of polychaetes. In fisheries ABC may respond to 

changes in the relative abundance of large and small species in communities and/or 

changes in size composition. 

The application of the ABC method to the management of multi-species 

fisheries would be better justified if it were applied to simulated theoretical fish 

communities, with different life history traits, subjected to different fishing and 

environmental perturbations. Application of the method to different fisheries with 
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different histories of fishing around the world would also help in understanding the 

response of the ABC method and in establishing a safe range of W-statistic within its 

theoretical range of -1 to + 1. Some of the applications of the method in fisheries 

context include that of Bianchi et al. (2001) for the demersal fish community off 

Namibia; Blanchard et ai. (2004) for fish and benthic invertebrates of the Bay of 

Biscay, France; and Jouffre and Inejih (2005) for the demersal fish community off 

Mauritania. The application of the method off Mauritania clearly shows that the 

method is robust to different levels of taxonomic aggregation; species, genus, and 

family (Jouffre and Inejih 2005), further the study also highlights the fact that with 

various levels of aggregation the value of W-statistic varies but the temporal trend still 

remains. Thus, due to the limited application of the ABC method in fisheries, inference 

based on the direction of the trend in the W-statistic is a much better approach than 

relying on the actual value. Furthermore, the result of this study and that of the study 

off Mauritania suggests that at present relying on the direction of the response is 

better as it is difficult to associate the actual values of the W-statistic with the limit 

reference state or target reference state of the community in question. Therefore 

discussion regarding observed trends in W-statistics for the demersal fish communities 

of the south coast is based on reference direction. In conclusion results of this study 

suggest that the ABC method may provide a useful guide for an Ecosystem Approach 

to Fisheries, having a sound theoretical basis in r- and Iv- selection and needing only 

abundance and biomass data to derive ABC curves. 
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Chapter 8 Exploring the effects of non-uniform distribution of fishing 

mortality on fish communities: an individual based 

modelling approach 

Abstract 

The current increase in interest towards an ecosystem approach for the 

management of fisheries results in the wider use and development of ecosystem 

models. These models are used for understanding the response of ecosystems or 

some of their components to different sources of disturbance, such as heavy fishing. 

In this study the individual-based model (IBM) Object-oriented Simulator of 

Marine Eco-system Exploitation (OSMOSE, the acronym is derived from the 

French name of the model) is used to investigate alternative spatial 

implementations of fishing mortality (uniform and spatialized fishing mortality). In 

both implementations, the overall variability and trends in biomass of the system 

with increasing fishing mortality are similar but the absolute biomass of the species 

and of the system differs between the two scenarios. The response of the modelled 

species and the whole system to the establishment of Marine Protected Areas 

(MP As) was investigated by simulating the introduction of three particular MP As 

separately or simultaneously. Although some differences in the response of the 

species to the different MPAs were observed, overall the introduction of MPAs 

results in the increase of the relative biomass of large predatory species and a 

decline in the biomass of potential prey and/or competitor species. This simulation 

study shows that consideration of trophic interactions is necessary when 

introducing MPAs, with indirect effects that may be detrimental to some species. 

Key words: Individual Based Models, spatial fishing, Marine Protected Areas, 

southern Benguela. 
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8.1 Introduction 

8.1.1 The use of ecosystem models for an Ecosystem Approach to Fisheries 

The recent shift III focus from single-species towards a multi-species or 

ecosystem approach in the management of fisheries is associated with various 

initiatives to facilitate its timely and appropriate implementation. These mainly 

include developing indicators, understanding processes, structures, and functions of 

marine ecosystems that are directly or indirectly affected by the overexploitation of 

certain resource components and by habitat damage. Although most of the current 

evidence on the effects of heavy fishing comes from retrospective data analyses of 

fisheries data and some experimental fishing activities, various modelling 

approaches have helped in understanding possible future consequences of current 

fisheries management policies. 

Ecosystem models have been developed for different aquatic systems, with 

different scopes and degrees of complexity. These include from the simplest to the 

more complex versions of, among others, biogeochemical models (e.g. Murray 2001, 

Fulton et al. 2004a), mass balance models (Pauly et al. 2000), multispecies stock 

assessment models (Hollowed et ai. 2000) and individual-based models (e.g. Shin 

and Cury 2001). The main focuses of these models are: (a) parts of the life-history 

of target species (recruitment), (b) trophic interactions, (c) biogeochemical cycles, 

and various combinations of the above three. Ecosystem models are used for better 

understanding of past dynamics and forecasting of future consequence of various 

types of disturbance on the components of the system (different levels of nutrient 

load, and overexploitation of components of the ecosystem). As all models are 
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approximations of reality, they are mainly designed to reflect some specific aspect 

of the modelled system (Gurney and Nisbet 1998), thus there are many ecosystem 

models designed to understand different aspects of ecosystems. A review of the 

varIOUS ecosystem models, in the context of fisheries, is given by Hollowed et al. 

(2000). They classified vanous ecosystem models according to three regulatory 

processes and their interaction: predation, competition, and environmental impact. 

In the recent move towards integrating ecosystem process into fisheries models, 

different modelling methods emerge, with an increasing use of Individual Based 

Models (IBMs). Some of the areas where IBMs are successfully applied in marine 

ecosystems include the understanding of recruitment dynamics of various fish 

species (Hinckley et al. 1996, 2001, Parada et al. 2003, Miller 2006), the migration 

patterns of schooling fish species (Huse et al. 2002). These IBMs of early life stages 

of marine fishes are used coupled with biogeochemical and hydrodynamic models in 

order to identify the factors controlling fish recruitment (retention, nursery ground, 

food availability, and predation). Integrating the whole life cycle of fish, OSMOSE 

is another IBM developed recently, with emphasis on trophic interactions (Shin and 

Cmy 2001, 2004). It is a multispecies model devoted to assess the indirect effect of 

fishing through trophic interactions and allows one to calculate various types of 

ecosystem indicators. 

The impetus behind the steadily increasing use of IBMs, other than the 

increase in computing power and storage capacity, is that they allow one to address 

various ecosystem processes at different scales, especially at the level of individual 

fish (Huston et al. 1988). These include the consideration of variability among 
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individuals, local interactions, complete life cycle of an individual, an individual's 

history, and individual behaviour adapting to its changing internal and external 

conditions (Grimm 1999, Grimm and Railsback 2005). IBMs also allow researchers 

to study how system level properties emerge from adaptive behaviour of individuals 

and how the system affects the individuals (Grimm and Railsback 2005). 

8.1.2 Spatially variable fishing mortality 

As mentioned above, with the increasing interest towards whole ecosystem 

considerations in the management of living aquatic resources, there has been a 

variety of ecosystem models developed to aid in the understanding of the dynamics 

of marine ecosystems and the indirect ecosystem effects of fishing. To the variety of 

these ecosystem models, there corresponds a variety of ways to represent species 

interactions and life history processes (e.g. growth, mortality, predation), which has 

consequences for the simulation of the modelled system (Murray and Parslow 1999). 

In addition, the representation of the above-mentioned processes in a spatially 

explicit manner in ecosystem models has been demonstrated to be of crucial 

importance in capturing the dynamics of ecosystems (Fulton et al. 2004b, Gribble 

2004). 

Spatial issues in ecosystems are a major focus in a number of ecological 

studies, mainly because space in all its aspects (structural heterogeneity, resolution, 

and extent) affects the structural and functional organizations of the biota in an 

ecosystem. Also ecological or physical processes operate at specific spatial scales so 

that choosing appropriate spatial scales of analysis is crucial to detect interactions 

157 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 8 Modelling non-uniform fishing mortality 

and to avoid amplified or exaggerated signals. The spatial heterogeneity of a 

habitat affects a number of ecological processes at different levels of organization 

(population dynamics affected by the patchiness in food availability; at the 

community level trophic interactions are conditioned by the spatial co-occurrence of 

predators and prey) so that mortality or survival of marine biota varies spatially 

over the range of the population, community or ecosystem considered. There is 

patchiness in the resource in an environment and also patchiness in the amount, 

frequency, and type of stress applied to an ecosystem. This stress includes those 

disturbances from natural phenomena, abiotic (waves, storms, currents, climate 

change) or biotic in nature (trophic interactions, competition, invasive species), and 

stress of anthropogenic origin (pollution, overfishing). 

This study focuses on the direct and indirect consequences of over fishing , 

with consideration of spatial patchiness in the fishing mortality on the various 

components of the ecosystem upon which the pressure is exerted. In addition to 

overall effort reduction, introduction of spatial management strategies, through the 

implementation of "no-take" zones of various size, is one of the measures to avoid 

or reduce serious consequences of overexploitation, (Gell and Roberts 2003, Roberts 

et al. 2005). Stefansson and Rosenberg (2005) investigated the role of different 

control measures in fisheries management (quotas, effort limitation, and protected 

areas). They used a variety of performance measures to assess the consequence of 

introducing each of the control measures individually and in combination. They 

observed that the use of the control measures in combination (especially catch 

quota control in combination with closed areas) gives the best result, in terms of 
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reducing the risk of stock collapse and maintaining both the short term and long 

term economic performance, as compared to their application in isolation. The 

choice of the size and location of no-take zones is crucial to achieve the 

management objectives and benefits. Furthermore, various simulation studies have 

demonstrated the significance of considering trophic interactions. Various ecological 

aspects have to be considered; mobility of the species, biodiversity within an area, 

spawning ground, and nursery area. The consequences of the implementation of 

"no-take" zones individually and as a network can be investigated through a 

modelling approach. The prediction of ecological responses is not trivial when 

considering complex multispecies assemblages, and requires systematic exploration 

of indirect and non-linear effects on all species considered, resulting from species 

interactions, migration patterns and life histories. Among the existing multispecies 

models in fisheries science, the OSMOSE model allows one to account for the 

spatial dynamics of the fish community (Shin and Cury 2001). It is an individual­

based model with the effective unit being a super-individual (referred to as a fish 

school) characterized by key life history traits (size, reproductive output, etc.) and 

interacting with its local environment. From such interactions at the individual 

level with some prescribed rules for basic biological processes, emergent properties 

appear at different hierarchical levels of biological organization (population, 

community, and ecosystem). OSMOSE is spatially explicit with size-based 

opportunistic predation as a main structuring process (Fig 8.1), ·provided that there 

is spatio-temporal co-occurrence of the predators and their prey (Shin and Cury 

2001). Thus each individual can be a prey or predator depending on its size and the 
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size of the fish with which it is interacting. OSMOSE has been used previously in 

the Southern Benguela ecosystem in two different contexts. The first aimed at 

conducting a cross comparison with the Ecopath-Ecosim model for the system (Shin 

et al. 2004) and reported reasonable agreement when simulating the effects of 

fishing on the structure and function of the Southern Benguela system. The second 

application aimed at investigating the sensitivity of different indicators to fishing 

intensity (Travers et al. 2006). In the existing model, mortality due to fishing IS 

assumed to be uniform throughout the simulation grid of the model. 

This study mainly intends to investigate the response of the modelled system 

to a heterogeneous spatial distribution of fishing mortality, as measured by the 

spatial distribution of different indicators of the structure and function of the fish 

community. Furthermore the implication of the introduction of newly proposed no­

take zones will be explored through the sequential and simultaneous introduction of 

the no-take zones. It is expected that localized effects (spatially variable fishing 

mortality) of fishing will be manifest in the structure of the community through 

changes in the size structure of the fish community or individual species. In 

addition such heterogeneous distribution of fishing mortality is expected to affect 

community organization. 
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8.2 Methods 

8.2.1 The model: OSMOSE 

A short description of the OSMOSE model is given in the following 

paragraphs. Written in Java programming language, the OSMOSE model includes 

a hierarchical structure of model classes corresponding to those in an ecosystem. 

The model includes three biological classes; school, cohort, species, and two classes 

representing the spatial domain of the ecosystem: cell, and grid. This hierarchical 

structure allows features of the system to be assessed at different levels in the 

hierarchy (for example size, abundance, or biomass can be tracked at the 

population and community level, and locally in sub regions). The model time step is 

6 months. Reproduction and fishing occur once a year in the model. The following 

biological processes are invoked in the order as outlined in Figure 8.2. The structure 

and details of the model have been described in previous works (Shin and Cury 

2001, 2004, Travers et al. 2006), this chapter will provide a brief note of the 

processes. The nature of trophic interaction that OSMOSE is based on: size 

structured predation process is given Figure 8.1. 

8.2.2 Modelled Biological processes 

Carrying capacity constraint 

The maximum biomass of non-piscivorous fish in the model corresponds to 

the carrying capacity constraint. Non-piscivourous fish include egg, larval and 

juvenile stages of piscivorous fish and an stages of forage fish. At the beginning of 
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Figure 8.2. Process flow chart for OSMOSE according to the order of execution in 

the model. Modified from Shin and Cury (2004). 
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Foraging and predation 

Both foraging and predation processes are applied to the piscivorous groups 

of the community. Foraging represents the movement of fish toward neighbouring 

cells with high potential prey biomass. Potential preys are defined according to 

their size relative to that of a predator. Then predation in OSMOSE occurs once 

the following two criteria are satisfied; first there must be a spatia-temporal co­

occurrence of a predator and its prey as such a predator only affects those in its 

vicinity, second the predator-prey size ratio must exceed the critical ratio 3.5 

estimated from FishBase. Once predators exerted predation mortality on their prey, 

a predation efficiency is calculated, as the ratio of the amount of ingested food by a 

predator to the amount required to fulfil its vital functions (Shin and Cury 2001). 

Growth 

The mean annual growth rate of fish of at each age is calculated using the 

von Bertalanffy growth model. This mean growth rate is thereafter adjusted to take 

into account the amount of food ingested in relation to the critical ration for 

maintenance, so that the growth rate in length increases linearly with predation 

efficiency when the predation efficiency is greater than the maintenance threshold. 

This threshold is calculated as the ratio of the annual maintenance ration over the 

annual mean ration, which is around 0.57. If the amount ingested is less than the 

critical value then the growth rate will be set to zero (Shin and Cury.2001). 
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Starvation mortality 

As the food ration drops below the threshold, or as predation efficiency 

decreases, the mortality due to starvation increases. When the amount of ingested 

food is too low to fulfil maintenance requirements, then the starvation mortality 

rate is calculated as a linear negative function of predation efficiency. 

Fishing mortality 

Mortality due to fishing is applied at the end of the first 6 month period. In 

the previous version of the OSMOSE model, the theoretical number of fish removed 

from each school is computed using the exponential decay model of the type: 

NF, a, s = Na, s * (1- exp( -Fs)) with a E [a",8 , ~"",8] 

Where: NF,Q,s = Total number of fish removed from the cohort of age a, of 

species s due to fishing 

Na,s = numbers of individuals in the cohort of age a of species s 

F. = fishing mortality rate for species s 

ar,. = age of recruitment of species s 

amax,8 = longevity of species s 

Once NF,a,s is calculated it will be equally distributed among all schools in each 

cohort above age of recruitment to the fishery, regardless of the spatial location of 

each school. Thus each school has equal chance of mortality regardless of its spatial 

location across the spatial domain of that cohort. 

Adding to the existing model structure, I computed the possibility of taking 

into account a spatial distribution of fishing mortality. This is achieved by imposing 
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the observed relative distribution of fishing effort from two fisheries using different 

gears: the small pelagic purseseine fishery and the hake-directed demersal trawl 

fishery (Figs. 8.3 and 8.4). The relative spatial distribution of the fishing effort is 

assumed to approximate reasonably the relative distribution of mortality due to 

fishing. The relative value of fishing effort in each grid cell is calculated as the ratio 

of the total number of hours and average hours; this was done for the 1990s period. 

This value is then used as a weighting in the calculation of the total number of 

removed individuals in each cell. Thus regions with higher relative fishing effort 

tend to account for most of the mortality due to fishing as compared to less 

intensively fished regions. The weighting from the pelagic fishery effort (Fig. 8.3) is 

applied to the following species: anchovy, sardine, round herring, lanternfish, and 

lightfish; whereas the weighting from the demersal fishery (Fig. 8.4) is applied to: 

shallow water hake, deep water hake, silverkob, kingklip, and horse mackerel. 

Reproduction 

Each species in the model reproduces once at the end of each time step. The 

number of eggs spawned by each species is calculated using the relative fecundity 

parameter of each species, the spawning biomass and a 1:1 sex ratio. The 

recruitment level is an output of the model once the eggs and larval stages have 

undergone explicit predation and starvation mortalities. Details of model 

formulation and existing structure of OSMOSE are provided in Shin and Cury 

(2001, 2004). 
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following 12 species m the southern Benguela: anchovy (Engraulis encrasicolus) , 

sardine (Sardinops sagax) , round herring (Etrumeus whiteheadi) , horse mackerel 

(Trachurus trachurus capensis), chub mackerel (Scomber japonicus) , shallow water 

hake (Merluccius capensis) , deep water hake (Merluccius paradoxus) , kingklip 

(Genypterus capensis) , snock (Thyrsites atun) , silver kob (Argyrosomus inodorus), 

lanternfish (Lampanyctodes hectoris) , and lightfish (Maurolicus muelleri). 

Furthermore, the species selected are representative of the pelagic and demersal fish 

communities in the southern Benguela ecosystem: for example 97% of the biomass 

and 99.9% of the catch of small pelagic in the 1990s is composed of anchovy, 

sardine, and round herring. The rest of the nine species comprise around 70% of the 

biomass of commercially important demersal species in the system, as reported from 

the west and south coast biomass survey in 2001 and 90% of the demersal 

commercial catch during the period 1992 - 1999 (Travers et al. 2004, 2006). All the 

biological parameters of the twelve species that are used in input to the model as 

well as the species spatial distributions that account for life history migration 

patterns on a 6-monthly basis are obtained from Travers et al. (2006). The various 

input parameters of each species in the model are given in Table 8.1. 
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8.2.6 Analysis of model output 

Model outputs were analysed qualitatively through comparison of the spatial 

distribution of output variables and quantitatively through the use of the 

multivariate technique second stage Multidimensional Scaling (2 stage MDS). 

8.2.7 Simulation experiments 

Each simulation experiment is based on the average of 30 simulations run for 

200 years; the outputs from the last 100 years only were used for calculating the 

average. Two simulation experiments are conducted to investigate the consequence 

of spatially variable mortality due to fishing. This was addressed: (1) by imposing 

the spatial distribution of fishing effort to derive regions (grid cells) with higher 

fishing mortality and then compare the differential effects of heterogeneous and 

uniform fishing mortality on the fish community; (2) by the introduction of no-take 

zones as a management strategy. 

The effect of accounting for a spatially variable mortality due to fishing 

(versus uniform mortality) is assessed by comparing the distribution of output 

variables (biomasses and mean lengths of the community and species). Outputs are 

compared globally for the whole model spatial domain and locally by grid cell. 

1) Comparison of spatially variable versus uniform fishing mortality. 

In this study the alternative implementations of the fishing mortality either 

uniformly over the spatial domain or in a spatially explicit manner are compared. 
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The comparison is made at the reference state (with the fishing mortalities of the 

1990s) and with an increase in the fishing mortalities of all species as a function of 

a multiplier. The value of the multiplier ranges from 1 to 3 with 0.1 increments. 

The comparison is undertaken on two features of the modelled ecosystem using 

classical ecological indicators: the size structure (mean size for the whole 

community), and the species composition (Non-metric Multidimensional Scaling, 

MDS). The biomass of each species, and of the whole community, and mean length 

of the community are used to compare the two alternative implementations of 

fishing mortality. Multivariate ordination, using the MDS, is carried out to compare 

the two implementations in terms of the component species biomass (282 cells X 12 

species). Of the 543 cells only 282 are occupied by the species modelled in 

OSMOSE. 

The relative changes in biomass and mean length over the different fishing scenarios 

are expressed as the ratios of the biomass and mean length over that in the 

reference state (Bse / Brefl MLsc / MLref) respectively. 

Second stage multidimensional scaling (2 stage MDS) 

Model outputs from the two implementations of fishing mortality (uniform, 

heterogeneous) were compared for different fishing intensities. For the purpose of 

this study, two stage MDS (also referred to as MDS of MDSs) (Clarke and Gorley 

2006), is used to compare two aspects of the modelled community: first the effects 

of increasing the global fishing mortality on the community structure, and second 

to compare the effects of accounting for the spatial heterogeneity of fishing 
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mortality on the community structure. 2 Stage MDS is a recently proposed 

approach for investigating changes in community structure and has been mainly 

used in marine benthic ecology. There are two general cases in which it has been 

used. The first one is the investigation of temporal changes in community structure 

for sampling where repeated sampling of sites has been conducted over time. The 

second case is for comparing multiple resemblance matrices to assess changes in 

community structure. Here the resemblance matrix is created based on the 

biomasses of the species in each cell after root-root transformation to reduce the 

impact of dominant species over-influencing the measure of resemblance. The Bray­

Curtis measure of similarity is used as a measure of resemblance. 42 Resemblance 

matrices corresponding to the 21 fishing mortality scenarios in the two 

implementations of fishing mortality (uniform and spatialized) are used in the 

second stage MDS. Spearman rank correlation (p) is used as a measure of match 

between each pair of resemblance matrices and then an MDS is constructed based 

on the resulting correlation matrix. 

2) Spatial fishing strategy: exploring the response of the modelled fish community 

to the implementation of the MP As 

The ecological effects of the implementation of various no-take zones at 

different locations of the coast is also investigated (Fig. 8.4). Three proposed no­

take zones are modelled, with the size and location specified after consultation with 

experts (Dr. Colin Attwood, Marine and Coastal Management, pers.com). The 

effects of such spatial management strategy, on the basis of the 1990s status of the 
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ecosystem (fishing and natural mortality, initial abundance based on the 1990s 

biomass estimate), are simulated by introducing each of the proposed no-take zones 

separately and simultaneously. The approach followed m this modelling 

investigation consists in redistributing the fishing mortality from the no-take zones 

to the part of the exploitable component of the species outside the no-take zones. 

The uniform fishing option was applied. Changes in the biomass and mean length of 

each of the modelled species in the three no-take zones are quantified relative to the 

situation where no restrictions were implemented. The multivariate technique 2 

stage MDS is also used to compare the community structure under the four no-take 

options, and when no spatial restriction is introduced. The resemblance matrices 

were constructed based on the biomass by species matrix from the whole model 

domain (282 cells X 12 species). A total of five resemblance matrices is used for the 

2 stage MDS. 

As the main aim of this study is to explore the consequence of the spatially 

variable mortality due to fishing, more emphasis is placed on the comparison of the 

model dynamics with and without the implementation of any of the spatial fishing 

mortality schemes (spatial distribution of fishing mortality, and implementation of 

no take zones). Thus no emphasis is given to testing the sensitivity of various 

ecosystem indicators to an increase in fishing mortality, as this aspect has already 

been dealt with in a previous application of the OSMOSE model to this region 

(Travers et al. 2006). 
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8.3 Results 

8.3.1 Comparison of uniform and heterogeneous implementations of fishing 

mortality 

The consequences of the two alternative implementations of fishing mortality 

are investigated by comparing maps of the distribution of the relative change in 

biomass and mean length of the community. Figure 8.6 shows the distribution of 

community biomass with increasing fishing mortality relative to that at the 

reference level (the fishing mortality of the 1990s, mF 1). The distribution of the 

relative change in biomass does vary between the two implementations of fishing 

mortality where overall higher biomasses are observed when spatialized mortality is 

applied, and a lower biomass is observed when fishing mortality is assumed to be 

uniform. These apparent differences III the biomass between the two 

implementations are also captured in the trend in the mean, median and 95% of the 

biomass (Fig. 8.7). Figure 8.7 also shows that although the relative values vary the 

overall pattern of change in response to increase in fishing mortality remains the 

same. 
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Figure 8.8b 
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--A--snoek 

Figure 8.8. Relative change in biomasses of the modelled species when 

heterogeneous (a) and uniform fishing mortality (b) are applied. Trends show 

relative changes over the simulated increase in fishing mortality from mF1.0 to 

mF3.0 (x-axis fLO to f3.0). 

These patterns of change in the community mean length are also observed 

for individual species, when relative changes in the mean length of each species are 

tracked with the increase of fishing mortality (Fig. 8.lOa and 8.10b). The mean 

length of the species shows a gradual change under the spatial fishing option as 

opposed to the rapid change observed under the uniform fishing option. This 

response of individual species is about the same in the two fishing scenarios, 

although the amplitude of variation is higher in the uniform scenario. 
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Figure 8.lD. Relative change in mean length of the modelled speCIeS when 

heterogeneous (a) and uniform (b) fishing mortality is applied. Trends show relative 

changes over the simulated increase in fishing mortality from mF1.0 to mF3.0 (x­

axis fLO to f3.0). 
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In addition the outputs from the two implementations are compared in 

terms of the community structure. A 2 stage MDS is used to assess if both 

implementations of fishing mortality could track the same changes in community 

structure (Fig. 8.11). The figure shows that the uniform and spatialized 

implementations of fishing mortality tend to produce relatively similar trajectories 

of community structure with increasing fishing mortality, although there is a slight 

divergence between the two implementations towards higher values of F. In both 

cases with the global increase in fishing mortality, as specified by the multiplier 

used, the community structure gradually moves away from the baseline resulting in 

structurally and possibly functionally too, different communities. These changes 

might be the result of differential responses of the modelled species to the increase 

in fishing mortality. 
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Figure 8.11. 2-stage MDS plot of the community structure from output under the 

uniform and spatialized fishing mortality (where U stands for uniform fishing 

mortality and S stands for spatialized fishing mortality, the numbers 1.0 to 3.0 

represent the multiplier for the increasing fishing mortality scenario). 

8.3.2 Response to the introduction of MPAs 

Percentages of the distribution area of the exploitable component of each 

species (above age of recruitment to the fishery) and of the whole community that 

fall within the three MP As are shown in Figure 8.12. When the MP As are 

introduced individually the largest percentage of the distribution area of most 

species is protected by the MPA S. The simultaneous introduction of the MPAs as 

a network results in the protection of 5% to 17% of the distribution area of the 
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exploitable component of the speCIes and around 12% of the distribution of the 

community. 
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Figure 8.12. Percentage of each species and the whole community distribution areas 

under the three MP As when implemented individually and simultaneously. The 

coverage by the MP As is calculated relative to the distribution area of age classes 

above age of recruitment to the fishery. When no value is reported either the 

speCieS do not occur in that particular MP A or only their early life stages occur 

there. 

The consequences of the introduction of no-take zones when implemented 

individually and simultaneously are shown in Figure 8.13. The relative changes in 

biomass of the modelled species tends to differ when the no-take zones are 

implemented alone and in combination. Changes are expressed relative to the 

reference state (model calibrated for the 1990s biomasses). The introduction of the 
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no-take zone off Tsitsikamma (MP A_E) results in a slight increase in the biomass 

of sardine and kingklip within the MP A whereas the other species that occurred in 

the protected zone remained close to the value before the introduction of the MPA 

(reference state). On the other hand when the reserve is established off de Hoop 

(MP A _ S), a huge increase in the biomass of deep water hake followed by silver 

kob, is observed with all the small pelagic species, chub mackerel, and horse 

mackerel reduced to a lower abundance as compared to the reference state. Similar 

to the case where MP A _ E is introduced, when simulating the instauration of 

MP A _ N corresponding to an area off N amaqualand most of the species that occur 

in the region did not vary in biomass and an increase in the biomass of the large 

predatory species: kingklip, silver kob, and shallow water hake is clearly shown. The 

simultaneous introduction of the three no-take zones as a network results in an 

increase in the biomass of some large predatory fishes (deep water hake and silver 

kob) with the forage fishes (small pelagics) kept at relatively lower biomass. 

Remarkably, deep water hake responded disproportionately to the creation of the 

MP As whereas it has the smallest proportion of its distribution area protected. On 

the other hand the introduction MPAs or of their combination does not affect the 

biomass of the mesopelagic species (lanternfish and lightfish). Relieving the large 

predators from mortality due to fishing does not result in enhanced mortality due 

to predation on the mesopelagic species. Another conclusion of this study is that 

the response of the species within a particular MP A tends to vary (either amplified 

or dampened) with the individual and simultaneous applications of the MP As. For 

example, the responses of silverkob and deep water hake are amplified within 
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MP A N when all the three MP As are introduced together as compared to the 

situation when MPA N IS applied alone; on the other hand, the response of 

kingklip within MP A N is dampened when all the three MP As are introduced 

together. The effect of the establishment of the no-take zones was also investigated 

for the whole model domain (Fig. 8.14). The establishment of these reserves has 

cascading effects beyond the community in the reserve. The option which seems to 

have less impact on the biomass of the modelled species relative to the reference 

state is the introduction of a reserve off the Tsitsikamma (MAP _E). Under this 

option the biomass of most species remained around the reference state with higher 

biomass only for sardine and silverkob. With other options, the instauration of 

MPAs resulted in differential responses of the modelled species. There are a few 

common responses to those scenarios, i.e. an increase in the biomass of few large 

predatory fishes (silver kob, deepwater hake) and substantial reduction in the 

biomass of some forage fishes (chub mackerel, redeye, horse mackerel) and 

reduction in the biomass of snoek. 
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show some of the expected responses of fish communities, either within reserves or 

its cascading effects towards the rest of the community. 

2DStress: 0 

all3-rrpa 

Figure 8.15. 2-stage MDS plot of the community structure under the four MPA 

options (MPA_E, MPA_S, MPA_N, a1l3-MPAs), and the reference state without 

MPA (no_MPA). 

8.4 Discussion 

8.4.1 Comparison of the two fishing mortality implementations 

Spatial or uniform implementation of fishing mortality resulted in relatively 

similar patterns of change in biomass and in mean length over the simulated 

increase in fishing mortality. Observed differences in the rate of change in biomass 

between the two implementations might be the result of the distribution of the 

190 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 8 Modelling non-uniform fishing mortality 

relative fishing effort along the coast (Figs. 8.3 and 8.4). Most of the cells on the 

East side of the coast have values of fishing effort less than 1, explaining the rather 

rapid rise in biomass observed on the south coast when the spatial fishing option is 

applied. Although the overall response is the same under both options, what this 

study highlights is that the strength of the response may vary. Both the qualitative 

comparison of output variables (spatial distribution, and graphs of relative changes) 

and quantitative comparisons (multivariate analysis using 2-stage MDS) confirmed 

that under either option for fishing mortality (uniform and heterogeneous), the 

overall behaviour of the model does not differ much. This agreement between the 

two implementations could be due to the fact that in the uniform fishing scenario, 

the fishing mortality is provided as input for each species by age class. This may 

inherently take into consideration the spatial variation in fishing mortality, as it is 

natural for fishermen to concentrate their effort in an area or region where they can 

find abundant fish above certain size classes. However, this finding does not 

discount the fact that the distribution of fishing effort and hence fishing mortality 

varies among localities in the entire ecosystem under study. Instead it suggests that 

fishermen are rather efficient in finding the resource, and that the fish prospecting 

area covers the spatial extent of the recruited fish distribution. 

The observation that with an increase in fishing mortality the overall system 

biomass tends to increase more on the south coast than on the west coast (Fig. 8.6) 

has something to do with the general stage-dependent migration towards, and 

availability of older age classes on the south coast and younger age classes on the 

west coast. This apparent and complex migration/movement patterns for small 
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pelagics, cape hakes, and horse mackerel is reported in Barange et al. (1998). First 

of all this rise in the biomass of the system is due to round herring and horse 

mackerel populations and in fact the system biomass without these two species 

declines with an increase in global fishing mortality. Older age classes (above age 2) 

of round herring are mainly restricted on the south coast whereas the younger age 

class (age 1) is found on both coasts; age 0 are not included in the calculation but 

they are mainly found on the west coast. Similarly, older age classes (above age 1) 

of horse mackerel are found East of 18° E whereas the younger age classes (age 0) 

are found on both coasts. Currently there is a general shift in the distribution of 

small pelagics, and in the centre of gravity of catches towards the southeast along 

the shelf (Fairweather et al. 2006). The rapid explosion of round herring and horse 

mackerel may be related to the combination of various factors: the lowest initial 

fishing mortality (F = 0.06 for horse mackerel, and F = 0.04 for round herring 

Table 8.1), and the trophic interactions with the rest of the modelled community. 

Round herring shares prey items with the rest of the small pelagics (anchovy and 

sardine); it is also prey of the shallow and deep water Cape hake (Payne et al. 

1987). Similarly horse mackerel is prey of shallow and deep water hake at some 

stage during their life cycle. Previous empirical works on the feeding ecology of 

horse mackerel reports the following: juvenile horse mackerel share same diet as 

juveniles of anchovy and sardine, further the diet of adult horse mackerel is the 

same as adult hakes of the same size (Crawford 1989). Thus horse mackerel 

interacts with different species at different life stages, making complex the expected 

response to any kind of perturbation of the system as it interacts with different 
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species embedded in a complex foodweb. With the increase in fishing mortality, 

proportional to the F multiplier, the biomass of the competitors and predators of 

horse mackerel and round herring declines, thus relieving both species from 

competitive and predation pressure while they continue to be exploited at very low 

levels, as opposed to the other species in the modelled system which become rapidly 

overexploited. 

8.4.2 Consequences of the introduction of MP As 

Simulating the implementation of no-take zones resulted in substantial 

changes in the relative biomass of the species within the no-take zones or in the 

whole model domain. According to the simulations, the introduction of any of the 

three no-take zones tends to favour the large predator component of the modelled 

community, mainly deep water hake, kingklip, and silverkob, under the fishing 

strategy in the 1990s. On the contrary, the creation of MPAs can be detrimental to 

some forage species such as redeye, horse mackerel and chub mackerel. Deep water 

hake experiences the highest fishing mortality of all the modelled species, thus the 

results suggest that relieving part of the species in the MP A S from fishing 

mortality has a positive impact on its biomass, but with a negative impact on the 

rest of the species in the MP A and throughout the model domain. In the scenario 

with all the three MP As, deep water hake has the smallest proportion of its area 

protected, but the subsequent increase in the biomass is the second most important 

within the community. The fact that deep water hake feeds heavily on mesopelagic 

fish (Shannon et al. 2003) while other forage populations decrease substantially in 
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abundance, may amplify the response of deep water hake to the creation of 

MPA S. Shallow water hake remained below the reference level most of the time. 

This could partly be explained by competition with other large predators on small 

pelagic fish, and increased predation on their juveniles by large deep water hake. 

Thus observed responses, an increase in large predators and decline in small forage 

species, could be the result of both direct predation on adults of prey species so that 

it indirectly reduces their competitive and predatory impact on the early life stages 

of the large predators. This process is known as the "Cultivation effect" (Walters 

and Kitchell 2001) which has been shown to have an impact on the dynamics and 

resilience of demersal species (e.g. Bundy and Fanning 2005). The results of this 

study show that the effects of introducing the MP As individually or together, 

cascades to the rest of the modelled community. Further this study shows that the 

responses of some species within a particular MPA vary, depending on the way the 

MP As are introduced: individually (e.g. either one of the three MP As studied in 

this simulation experiment), or simultaneously. The responses of some species get 

amplified within an MP A when this MP A is introduced simultaneously with others, 

and the converse holds true for some other species. 

The indirect effects of introducing MP As are not trivial, and one way to 

grasp them is to model local species interactions explicitly. This exploratory 

analysis further echoes the results suggested by various empirical studies on the role 

of marine reserves; although MP As provide benefit for a few species within an 

assemblage, maximum benefit of their implementation may be achieved when used 

in conjunction with other fisheries management tools (Roberts et al. 2005) such as 
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an overall reduction in fishing effort, and introduction of SIze limits. From a 

management perspective, setting aside part of the coast (extending from inshore to 

offshore) as a no-take zone needs to consider the location, size, and biological 

interactions of the species within the reserves. Although most of the species are 

highly mobile over the modelled spatial domain, cases where reserves are believed 

to be least effective, this study shows that protecting a minor proportion of the 

coastal area results in changes in the individual species abundance within the 

reserves and can cascade to the whole system. 

The effectiveness of MPAs as management tools, especially in temperate 

zones, has been doubted for various reasons. Here the simulation results show that 

MPAs indeed do affect the protected community but not all species, and benefits 

from doing so could be maximized by careful selection of the localities and the 

number of MP As in combination with other management measures. 

Some of the benefits of this type of ecosystem modelling in conjunction to 

empirical data analyses can be considered in terms of the insights that can be 

gained with respect to the response of the modelled components of the ecosystem 

these are usually not obvious. Such information includes unexpected species or 

community response to an increase in any form of disturbance, resulting from 

complex species interactions (released or enhanced competition and predation, 

indirect effects on distant trophic levels, local interactions) and inherent population 

dynamics (compensation and depensation effects). With the current increasing 

concern about ecosystem approaches to fisheries management, marine reserves are 

viewed as one of the key management measures for rebuilding overfished stocks, for 
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Chapter 8 Modelling non-uniform fishing mortality 

protecting critical habitats, and for reducing the risk of stock collapse (Gell and 

Roberts 2003). As this type of management measure is often implemented as bet­

hedging in the face of risking management failures, exploring the population and 

community consequences of doing so through simulation experiments, before 

practical implementation, it is of tremendous importance to get a range of the 

possible responses of the fish community to the planned reserve. To do so a good 

understanding of community interactions is crucial for the selection of the location 

and size of reserves (Walters 2000, MacAU 2002, Knowlton 2004, Micheli et al. 

2004). Using a model comprising two species of rockfish Sebastes, one of them being 

a large target predatory fish (Sebastes rubernmus) whereas the other is smaller in 

size with no targeted fishing (Sebastes wilsoni) but is preyed upon by the larger 

species, Baskett et al. (2006) investigated the role of trophic interactions in the 

recovery of the overexploited large predatory species within a marine reserve. They 

found that when trophic interactions are considered, the recovery of the 

overexploited large predatory species depended on the initial densities of the 

predator (adults and juveniles) and those of its prey, and on the size of the reserve. 

Both initial community composition and the distribution of life stages are crucial to 

the recovery of overexploited species. Therefore, careful selection of reserve location 

where biomass of the overexploited species is higher and that of its potential 

competitors is lower may be more efficient than areas with an overall high biomass 

and diversity. 
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Chapter {} Synthesis: putting it all together 

Results reported in the previous chapters (Chapter 2 to Chapter 8) show 

changes in the community with respect to the size or community structure and 

make up pieces of the story with respect to the effects of fishing in the two 

empirical case studies and on a theoretical basis usmg simulation modelling. 

Furthermore, there are different issues relevant for the overall objective of the 

thesis that needed to be considered. Thus this section of the thesis tries to address 

various aspects related to the approaches adopted, data sources, and various indices 

used and then attempts to answer the questions outlined in Chapter 1. 

Relevant issues 

The issue of reference direction 

Although reference direction is advocated and adhered to in this thesis there 

are technical implications for practical application in a management context. By 

virtue of their complexity and uncertainty in measuring their attributes, ecosystems 

and their properties respond differently and non-linearly in different time frames. 

Thus a-priori delimitation of a time frame must be set within which the direction of 

change in the ecosystem indicators can be used in setting management actions to 

mitigate or enhance observed changes (depending on the reference direction). A 

related conclusion, in terms of power analysis, has also been reached for size-based 

indicators by Jennings and Dulvy (2005). They found that size-based indicators 
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could be used for medium-term management (5 - 10 years), but the power of the 

size-based methods to detect trends is weaker at shorter time scales. 

Issues of the use of catches 

As mentioned in Chapter 2 results based on the analysis of landings are often 

biased when assessed over time because changes in discarding practices, high 

grading, and market forces affect which components of the catch are landed. 

Therefore changes in species composition or in size structure of the landings do not 

necessarily reflect changes in the populations. Equally marked changes in the 

catches may not be reflected in the landings. Thus initial landings from historical 

records may be biased towards catches mainly composed of larger individuals of 

target species or larger species. This could bias estimates of fishing mortality III 

historical data and estimates of size structure (such as mean size). However the 

influence of this bias on the results reported in Chapter 2 is assumed to be limited 

for the following reasons: there is no indication of changes in hook sizes used by the 

traditional linefishery off the coast of South Africa, this fishery generally used the 

same kind of hook (simple J-hooks) over time, as the line fishery is selective 

compared to trawling, fishermen would target most valuable species first, usually 

larger ones, so discarding is probably limited. Furthermore as also outlined in 

Chapter 2, changes in hook size or type are usually responses to declining catches of 

the initial target size class or species, thus indicating problems with the fishery. 
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Issues related to the use of survey data to study community level changes 

The reported changes in community structure may be influenced by variability in 

the catchability of species. The catchability of the various species varies in response 

to different factors; survey vessel type, survey gear type, spatial distribution, and 

length composition of the species. But the data for the south coast demersal 

community was collected consistently using the same vessel and gear except for the 

starting year (which was experimental), in addition the spatial coverage has 

remained constant. The assumption of using the survey catch rate estimates of the 

species as reflecting its abundance should be valid because most of the factors that 

could potentially influence catchability are kept constant. In addition recent work 

by Trenkel et al. (2004) shows that consistent changes in the community structure 

of demersal species could be obtained from different surveys, except for size spectra, 

although they caution against the use of different surveys to assess abundance 

trends of a population. 

Questions posed in Chapter 1 and findings 

1) Are there spatio-temporal changes in the size structure, species composition, and 

community structure of the fish communities? 

Changes in the size structure were observed for the mam linefish species 

landed by the line fishery off the four sub-regions of the Cape region. These changes 

were evidenced both in terms of a reduction in the mean length over three periods, 

and in changes in the slope of the size spectra. Changes in species composition for 

the linefish species were shown using k-dominance curves, where the temporal trend 
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in the k-dominance curves clearly shows the change in dominance structure of the 

community with the Western and Southwestern Cape responding by an increase in 

dominance over the three periods (1890s, 1930s, 1990s) whereas the Southern and 

Southeastern Cape responded by decline in dominance. Multivariate analysis using 

multidimensional scaling and dendrograms shows the distinct changes in structure 

of the community over the three periods (Chapter 2). 

One of the observations of this study and others is the response of 

dominance curves and diversity indices to the effects of fishing. It seems that the 

contrasting response of diversity and dominance to disturbance is a general pattern 

rather than an exception. This contrasting response has been related to the 

productivity of the system concerned. It might also have to do with the species 

composition of the system being studied (Chapter 2 and 6). 

For the south coast demersal fish communities, changes m size structure 

were investigated usmg various size-based indicators (mean length, mean Lmax, 

slope of the size spectra, proportion of different size categories, and abundance of 

different size categories). The temporal trend in all the indicators suggests a change 

in the size structure of the south coast fish community towards a community with 

reduced abundance of larger individuals (Chapter 4). 

Changes in the community structure of the south coast demersal fish 

community were investigated using: multivariate clustering and ordination, a 

variety of univariate diversity indices (Chapter 5 and 6), and Abundance Biomass 

Comparison (ABC) curves (Chapter 7). The multivariate analysis for selected 

survey year shows that the fish communities on this coast are strongly structured 
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by depth, confirming findings of a previous study on this coast (Smale et al. 1993). 

As the main emphasis of the multivariate analysis was to investigate temporal 

trends, study of the community structure in relation to depth and longitude was 

restricted to a few sample survey cruises. Based on the axis scores of the ordination 

by multidimensional scaling, the community structure of the fish communities on 

this coast has changed over time (Chapter 5). The result of analysis of the 

univariate diversity indices showed that diversity of the fish communities changes 

substantially with depth, and with longitude. Furthermore, similar to the results of 

the multivariate analyses, the diversity on this coast has changed over time. This 

change is characterized by an increase in diversity and decline in dominance 

(Chapter 6). The ABC method, though with limited previous application in 

fisheries, also suggests changes in the demersal fish community of the south coast. 

Temporal trends in the W-statistic (the summary statistic of the ABC curve) shows 

a more negative value of W-statistic over time towards the 2000s, again indicating a 

reduction in abundance of larger fish and / or relative increase in small fish 

(Chapter 7). 

2) How does fishing modify the structure of fish communities and ecosystems? 

This question is important in terms of its implication for management. With 

the current thrust towards an Ecosystem Approach to Fisheries management, 

understanding of the impacts of overexploit at ion on the structure of the 

communities and of the ecosystem they are part of, is crucial. There are vanous 

world wide investigations towards achieving that goal. Some of the outcomes of 
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those investigations include: changes in size structure towards a community with 

fewer large individuals, and populations or communities characterized by smaller 

average size, and in some cases indirect responses were observed in the form of an 

increase in the abundance of smaller individuals and species with smaller Lmax. 

Changes in the community structure as a result of differential impact of fishing are 

observed as changes in relative abundance of species in the community and assessed 

using multivariate techniques, univariate diversity indices, dominance curves, and 

others. The results of this study from Chapter 2 to Chapter 7 also corroborate the 

above mentioned response of communities to fishing. What remains is to translate 

these changes into decision criteria when formulating management procedures. 

The theoretical study of fish communities using an IBM (Chapter 8) shows 

how important consideration of trophic interaction IS in the assessment of the 

effects of heavy fishing. An unexpected response to increase in total fishing 

mortality for all modelled fish species was the increase in biomass of some species 

that were able to take advantage of the vacant niche in the ecosystem created by 

selectively overfishing a species, this in turn resulting in an increase in the system 

biomass. The second lesson from the modelling study was the response of fish 

communities when part of population is protected from fishing using MP As. In 

general the responses of fish communities when afforded protection from fishing, 

was the relative increase in biomass of large predatory fishes and relative decline in 

biomass of prey and competitor species. A slightly different response of the fish 

communities was observed when MP As were introduced individually and as a 

network. Furthermore, it was observed that consequence of introducing MP As 
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cascades to the rest of the modelled community (Chapter 8). Thus the theoretical 

modelling study is consistent with the empirical case studies and can be taken 

further to ask "what-if?" questions related to how MPA may help in sustainable 

fisheries management. 

3) Has fishing effort increased? 

Temporal trends in fishing effort for both case studies are based on nominal 

fishing effort. They are thus crude and probably underestimate the real increase in 

fishing effort. For the line fishery the trend in the nominal fishing effort has 

increased over a period of 100 years based on three brief periods (1897 - 1906, 1927 

- 1931, and 1986 - 1998) (Chapter 2). 

Analysis of fishing effort for the fish communities of the south coast is based 

on the demersal hake directed trawl fishery and the demersal hake-directed longline 

fishery. Though there are also other types fishing activity on this coast, analysis is 

based on these as the most important fishing activities: the trawl fishery and 

longline fishery. The nominal hake-directed trawl fishing effort showed strong 

interannual variability over the period 1978 - 2002, whereas the hake-directed 

longline fishery effort has been increasing rapidly since its introduction in 1994 

(Chapter 4 and 7). 
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4) Are there signs of over fishing at either of the ecological hierarchy levels 

(population, community) assessed? 

An earlier study by Griffiths (2000) has shown that most of the linefish 

species are severely overexploited, one species even to the level of commercial 

extinction. Thus in Chapter 2 of this thesis no attempt has been made to repeat the 

same work as that of Griffiths (2000), instead the changes in catch rate of the 

whole linefish community are assessed over the three periods and substantial 

reduction in the landings and CPUE of the whole linefish community was observed. 

For the demersal fish community of the south coast inference regarding the 

abundance of the species was based on the trend in the catch rate of collective 

groups (target vs non-target, and abundance by size classes). Thus, as the main 

interest of the thesis concerns effects above the species level, no attempt has been 

made here to assess the abundance of individual species caught during the demersal 

trawl survey (Chapter 4 and 5). 

After an initial increase from the mid-1980s, a gradual decline in the catch 

rate of the south coast fish community for all depth strata and for each depth 

stratum individually when the catch rate was assessed for the whole community 

was observed after the mid 1990s. For the target and non-target components, a 

slightly different image emerges. The trend also depends on the depth stratum; 

when all depth strata were pooled together the catch rate of both the target and 

non-target components of the community declines after the mid-1990s. A similar 

result was obtained when the catch rates were assessed for the 0 - 100m depth 

stratum alone. For the 101 - 200m depth stratum the trends was different with an 
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increase in the catch rate of the non-target species, which was also evident in the 

whole communities catch rate for this depth range, whereas the catch rate of the 

targeted component declined after the mid-1990s (Chapter 5). 

Additional contributions of this thesis are in connection with the kind of 

data used for construction of size spectra, and multivariate analysis of diversity 

indices. Issues regarding the use of data of different resolution such as length 

frequency data versus mean length (especially application for the case where two 

separate data sets, of different resolution, are used to construct size spectra). This 

study cautions against the assessment of changes in the size structure of a 

community based on the slopes of size spectra derived from two different data 

sources with different resolution (size spectra based on length frequencies and size 

spectra based on mean lengths) (Chapter 3). The second relates to the choice of 

diversity indices for tracking changes in demersal fish communities. Multivariate 

analysis of a selection of diversity indices, aU calculated from the same data source, 

shows that sub-sets of the diversity indices that summarise similar information tend 

to group together on ordination plots (Chapter 6). For example: those that 

summarise mainly the richness component of diversity, those indices that balance 

the richness and evenness component, and those that measure taxonomic 

distinctness cluster separately. This suggests that the alternative use of indices from 

within the sub-sets would not change the final conclusion reached about the 

diversity of the community under study. In the same chapter exploratory analysis 

shows the non-linear relationship between diversity of communities, catch rate and 
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Lmax. Smaller Lmax classes tend to have a higher catch rate and lower evenness, 

whereas larger Lmax classes have relatively smaller catch rate but higher evenness. 

In conclusion the diversity of approaches followed in this thesis allowed 

assessing and confirming the response of the various indicators of fishing impacts. 

As the main concern of this thesis is to assess the effects of fishing at the 

community level, results from the two case studies clearly highlight and emphasize 

those effects. Consistent response of the various indicators was observed in the two 

case studies and in the modelling approach. For the two case studies despite the 

difference in spatial and temporal coverage, species composition, and data sources, 

changes in community and size structure were observed in agreement with the 

expected effects of fishing. The results further highlight that although there still 

remains a challenge to incorporate observed changes in the management context, an 

Ecosystem Approach to Fisheries is indeed a necessity for responsibly managing 

fisheries as the effects of targeted fishing extend well beyond the targeted stocks. 
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