
The effects of fishing extend well beyond the direct
impact on the target species in the forms of reduction
in abundance, decrease in mean size (Haedrich and
Barnes 1997) and habitat destruction. Currently, much
effort is directed at understanding the previously over-
looked effects of fishing on the interacting species
(community level) that cascade to the whole ecosystem
(Greenstreet and Hall 1996, Jennings and Kaiser
1998, Fogarty and Murawski 1998, Daan et al. 2003).
It is difficult to predict indirect effects of fishing on the
ecosystem and to quantify their long-term conse-
quences (Gulland 1987, Gislason et al. 2000). Changes
in the structure of fish communities have been docu-
mented for several heavily exploited fisheries. Fogarty
and Murawski (1998) reported changes in the com-
munity structure of Georges Bank, where the com-
munity is seemingly dominated by skates and dogfish

following a substantial reduction in the biomass of
gadoid fishes. This reduction, mainly as a result of
overfishing, is believed to have relieved competitive
pressure in favour of the elasmobranchs (skates and
dogfish). Similarly, changes have been reported in
the composition and distribution of the demersal fish
communities of the Adriatic Sea between 1948 and
1998 (Jukick-Peladic et al. 2001). During that 50-year
period, larger species of sharks and rays tended to
disappear whereas small-sized species of sharks, rays
and bony fish appeared more frequently. Jennings et
al. (1999) assessed the long-term trend in the abun-
dance of North Sea demersal fish communities and re-
lated this to the life-history characteristics of individual
species. They found, for the period 1925–1996, an in-
crease in mean growth rate, whereas the mean maxi-
mum size, age and size-at-maturity decreased towards
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EFFECTS OF FISHING ON THE SIZE AND DOMINANCE STRUCTURE OF
LINEFISH OF THE CAPE REGION, SOUTH AFRICA

D. YEMANE*, J. G. FIELD* and M. H. GRIFFITHS†

A dataset of linefish catch, effort and fish size distribution records has been assembled from archives to cover
three short periods over the 100 years from 1897 to 1998 in four regions of the former Cape Colony, South
Africa. Linefish catch and effort have increased several-fold over the period. Aggregate catch per unit effort
(cpue) declined by more than 80% from values in the 1890s, but the cpue of several species within that 
aggregate have declined much more. Analysis of historical mean size and modern length frequency data shows
that in seven of 12 species considered, the mean length of fish declined substantially along with the increased
fishing pressure. Multivariate analysis of cpue shows that the years 1897–1906 cluster quite close to the years
1927–1931, but a major change by the years 1986–1998, revealing a large change in abundances of linefish be-
tween the 1930s and the 1990s, which is also the period when fishing effort increased most. A related dataset
was used to calculate the combined distribution of fish sizes of the 12 species in logarithmic size-classes in the
same years. The negative slope of that size spectrum indicates the decline in numbers of large size-classes 
compared with small ones; the more negative the slope, the greater the relative decline in numbers of large fish.
Slopes become significantly more negative in the modern period, showing that the modern linefish catch has
fewer large fish and relatively more small ones than previously. Changes in linefish assemblages, implied by
changes in catch composition, are different in the four regions studied. The cool-temperate upwelling regions
differ from the warm-temperate ones, particularly with regard to the influence of the fast-growing, nomadic,
pelagic snoek Thyrsites atun. Inclusion of snoek gives the size spectrum of the cool-temperate regions a shal-
lower slope than the warm-temperate ones. A new method of plotting the size spectrum is believed to free the
intercept (height) from dependence on the slope and simplifies interpretation of the relative values of height,
which reflect overall fish abundance. Dominance curves reflect the distribution of biomass among species. The
cool waters of the Western Cape show a trend towards increasing dominance with increased effort, whereas the
warm-temperate regions show decreased dominance with increased fishing pressure. These findings have im-
portant consequences for fisheries management, because not only are several stocks badly overfished, but the
linefish considered are predators at different trophic levels that influence the tropho-dynamic functioning of
whole ecosystems.
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the 1990s, a period characterized by heavy fishing.
Furthermore, the response of species to fishing pressure
was related to life-history traits, larger, slow-growing,
late-maturing species tending to decline in abundance
more quickly than smaller, fast-growing, early-maturing
species (Jennings et al. 1999), as noted also for other
assemblages by Griffiths (2000) and Fromentin and
Fonteneau (2001). 

A number of community metrics can be used to as-
sess ecosystem effects: diversity indices, ordination
techniques, size spectra (either abundance or biomass),
dominance curves (K-dominance and ABC curves)
and metrics derived from ecosystem mass-balance
models. A review of the performance of these metrics
as used in evaluating the ecosystem effects of fishing
is given by Rice (2000). Relative to other community
metrics, size spectra, K-dominance curves and non-
metric multidimensional scaling appear most promising
for assessing the ecosystem effects of fishing (Rice
2000). The use of size spectra in assessing the effects
of fishing has a solid theoretical and empirical basis.
Rice and Gislason (1996) observed a decline in the
slopes and an increase in the heights of the size spectra

of the North Sea demersal fish community between
1973 and 1993. The steeper negative slope of log
numbers plotted against log size-classes was attributed
to the selective removal of large fish from the com-
munity. Subsequently, Gislason and Rice (1998)
modelled the response of the slope and height of the
size spectrum to changes in fishing effort and found
that the slope and height of the size spectrum changed
proportionally to the changes in fishing intensity.
With an increase in fishing pressure, slopes steepened
and heights increased. Shin and Cury (2004) devel-
oped the individual based and spatially explicit model
OSMOSE (Object-orientated Simulator of Marine
EcOSystems Exploitation), founded on opportunistic
size-based predation as a main structuring process in
fish communities. They found that the slope of the size
spectrum steepens quasi-linearly with increasing fishing
pressure. Similar trends in the slopes and heights of
the size spectrum are reported for different systems
around the world (Bianchi et al. 2000). The height of
the size spectrum has been suggested to reflect overall
abundance or system productivity (Borgmann 1987,
Boudreau and Dickie 1992, Bianchi et al. 2001). 
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K-dominance curves help to capture the differential
effects of disturbance on the abundance of component
species, which result in changes in the dominance
structure of a community. Bianchi et al. (2000) found
an increased dominance over time in the temperate
systems of the Canadian Scotian shelf and off Portugal,
and a similar trend of increasing dominance was no-
ticed in the north-western North Sea by Greenstreet and
Hall (1996). However, the opposite trend was observed
with time for tropical systems off Ghana, in Campeche
Bay and on the Sofala Bank (Bianchi et al. 2000).

The linefishery of the present Western and Eastern
Cape Provinces (the former Cape Province) has a
long history that dates back to the turn of the 19th

century. It is the biggest linefishery in South Africa,
comprising some 2 500 commercial vessels that land
around 15 500 tons annually, or 95% of the nation’s
linefish landings (Griffiths 2000). It has commercial and
recreational sectors, which target around 40 teleosts, of
which 20 are economically important (Griffiths and
Lamberth 2002). Competition for the same resource
among user-groups, a large number of species with
contrasting life histories, diverse behaviour patterns
and different habitat preferences make the management
of the linefishery complex. Owing to its long history of
fishing and the failure of regulatory schemes (Attwood
and Bennett 1995, Brouwer et al. 1997), many Cape
linefish species are overexploited (Griffiths 1997a, b).
Work by Attwood and Farquhar (1999), which assessed
the state of the linefishery between Cape Hangklip and
Walker Bay in the South-Western Cape (see Fig. 1),
have demonstrated the long-term overexploitation of
most species. Some have even disappeared from catches
completely (e.g. seventyfour Polysteganus undulosus),
a trend Griffiths (2000) stated applied to the whole
Cape region. Griffiths (2000) showed that, according to
long-term catch per unit effort (cpue) and effort data,
most linefish species are overfished, especially the
large, warm-temperate reef (demersal) fish (e.g. silver
kob Argyrosomus japonicus, geelbek Atractoscion ae-
quidens and seventyfour).

Long-term historical fisheries data (e.g. abundance and
number of species, size composition, fishing ground,
gear used and fishing effort) give insight into the status
and structure and/or functioning of the fish community
prior to heavy fishing pressure and are indispensible in
evaluating the effects of fishing on the fish community.
The aim of the present study was to confirm the
changes in catch rate over time, using multivariate
analysis, as well as to assess the long-term changes in
the size composition (size spectra and changes in
mean size), and dominance structure (K-dominance
curves) of the linefish catch of the whole Cape region
over the 100-year period 1897–1998. 

MATERIAL AND METHODS

Spatial and temporal coverage

The present study covers the entire Cape region, pre-
viously known as the Cape Province. It extends from
the Orange River on South Africa’s West Coast to the
Kei River on its East Coast (Fig. 1). The region is sub-
divided here into four coastal regions (Western Cape,
South-Western Cape, Southern Cape, South-Eastern
Cape), each characterized by a different history of
fishing (Griffiths 2000). The overall region covers two
biogeographic zones (Branch and Branch 1981), the
cool-temperate Western Cape and the warm-temperate
Southern and South-Eastern Capes. The South-Western
Cape is a transition region where species common to
both biogeographic regions are present. The Western
and Eastern Capes are distinct in terms of prevailing
oceanographic conditions. The former is characterized
by the cool Benguela Current and coastal upwelling,
which result in high productivity (Shannon and Nelson
1996). And the latter by the warm, south-flowing
Agulhas Current, which has limited inshore dynamic
upwelling (Schumann 1987). Differences among the
four regions are also highlighted by the presence of
some linefish species as discrete stocks. For example,
white stumpnose Rhabdosargus globiceps occurs as
four discrete stocks in the four regions (Griffiths et al.
2002) and silver kob as three (Griffiths 1997b). On
the other hand, geelbek exist as three age-structured
subpopulations in three regions, but comprise a single
stock (Griffiths and Hecht 1995). The study covers
three periods over the past 100 years, two historical
ones (1897–1906, 1927–1931) and one recent one
(1986–1998).

The Cape linefishery has always used a range of hook
sizes, depending upon the target species and their
sizes. Simple J-hooks are used, and neither hook design
nor hook size has changed much over the past 100
years. When hook size decreases in a particular sector,
it is usually done to compensate for declining catch rates
resulting from the removal of larger fish. Therefore,
there is no reason to believe that hook size has caused
the patterns reported here; on the contrary, fishers
may have continued to use larger hooks because of
minimum size regulations for the targeted species
first introduced in 1940 and strengthened in 1985.
The continued use of large hooks and the imposition
of minimum size regulations would have maintained
relatively low selectivity for smaller size-classes in the
fishery, tending to prevent or reduce any progressive
fishing down of the size-classes of the target species.

The study is based on 12 linefish species (Table I),
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with fish ranging in mean length from 25 to 90 cm.
Species whose linefishery records have historically
been confounded with trawl and other fishery records
have been omitted from the study. The species to-
gether represent assemblages of predatory fish at dif-
ferent trophic levels, constituting important parts of
regional marine communities and ecosystems. The
size spectra derived from them therefore represent
parts of whole community size spectra.

Data sources

Data were obtained from commercial linefisheries
and consist of two historical and one modern data set.
For the period 1897–1906, data were obtained from
the reports of John D. F. Gilchrist, who was then
Government Marine Biologist (Gilchrist 1898, 1899,
1900, 1901, 1902, 1903, 1904, 1906, 1907). Those
data were collected by observers at all major harbours
in the four coastal regions of the Cape, and include
information on the catch of each linefish species and
the number of boats operating in each region. For the
period 1927–1931, catch data were obtained from
unpublished monthly catch records collected by the
Cape Provincial Administration. The number of boats
operating at each fishing site were obtained from
Fishing Harbour Reports of the Department of Mines
and Industries (Mansergh et al. 1926, 1927, 1928) and
from Report 180 of the Board of Trade and Industries
(Fahey et al. 1934). Finally, for the recent period,
1986–1998, data  were obtained from compulsory daily
catch and effort returns submitted by owners of boats
involved in commercial linefishing.

Information on size composition for the period
1897–1906 was in the form of mean weight of each
species caught. The mean sizes for the period 1927–
1931 are not available, so those available for the closest
period (1917–1919) were used instead. They were es-
timated from monthly number and catch weight for
each species obtained from the linefish section of
Marine and Coastal Management (MCM). However,
because the data were not available for all sites in
each region, they were not used in the cpue analysis,
though the mean sizes of each species in the period
1917–1919 were used directly in comparing mean
sizes over the three periods. In addition, they were
used as close approximates of mean sizes of each
species in the construction of size spectra for the period
1927–1931. For the most recent period, length fre-
quencies of the linefish were obtained from official
observers at fishing harbours in the four regions of the
Cape. 

Analysis of catch and effort

The aggregate total catch (tons) for each region was
calculated as the sum of the catches of each linefish
species included in the study, and the annual aggregate
cpue (tons boat-year–1) was calculated by dividing the
total catch by the effort (boats year–1). In the analysis
of catch-and-effort data, shallow-water Cape hake Mer-
luccius capensis, panga Pterogymnus laniarius and
chub mackerel Scomber japonicus were not included,
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Table I: Mean lengths of main linefish species in the Cape
region in the three different periods under study. The
mean lengths in the 1917–1919 and 1986–1998
periods are weighted by the average cpue of each

species in each region

Species Period Mean length (cm)

Panga 1897–1906 27.13
Pterogymnus laniarius 1917–1919 31.91

1986–1998 29.69

White stumpnose 1897–1906 27.70
Rhabdosargus globiceps 1917–1919 25.33

1986–1998 32.62

Hottentot 1897–1906 29.95
Pachymetopon blochii 1917–1919 26.62

1986–1998 29.71

Chub mackerel 1897–1906 33.90
Scomber japonicus 1917–1919 35.73

1986–1998 37.56

Roman 1897–1906 35.81
Chrysobelphus laticeps 1917–1919 30.50

1986–1998 32.40

Red stumpnose 1897–1906 36.04
Chrysoblephus gibbiceps 1917–1919 38.98

1986–1998 40.67

Carpenter 1897–1906 39.17
Argyrozona argyrozona 1917–1919 31.76

1986–1998 33.03

Seventyfour 1897–1906 56.09
Polysteganus undulosus 1917–1919 49.73

1986–1998 27.66

Silver kob 1897–1906 61.33
Argyrosomus inodorus 1917–1919 58.95

1986–1998 52.44

Yellowtail 1897–1906 70.35
Seriola lalandi 1917–1919 57.89

1986–1998 61.51

Snoek 1897–1906 83.48
Thyrsites atun 1917–1919 83.34

1986–1998 75.93

Geelbek 1897–1906 84.60
Atractoscion aequidens 1917–1919 78.61

1986–1998 68.48



because the majority of the catches of these species
is made by fisheries other than the linefishery. Details
of possible sources of bias in available handline cpue
as indices of linefish abundance for each period are
given in Griffiths (2000).

Cluster analysis and ordination 

Multivariate analysis of the annual cpue (tons boat-
year–1) of each species was carried out, using cluster
analysis and ordination techniques, to assess overall
changes in catch composition with time (Clarke and
Warwick 1994). The cpue data of each species in each
year for the whole Cape was first root-root trans-
formed, because the range of values was wide. This
was done to prevent abundant species from swamping
the others, affecting the similarity matrix and in turn
the classification and ordination. The Bray-Curtis
measure of similarity was used because it avoids the
problem of joint absences and attributes more weight
to abundant species than to rare ones (Field et al.
1982). Finally group-average linkage was used to pro-
duce a dendrogram of the time-series. Field et al.
(1982) and Clarke and Warwick (1994) suggested that
cluster analysis and ordination techniques give better
information when used together. Non-metric multidi-
mensional scaling (NMDS) was used to create the
ordination plot. The ordination of the time-series using
cpue of each species was computed from the Bray-
Curtis similarity matrix. Details of clustering and or-
dination techniques, their advantages and drawbacks
are given in Clarke and Warwick (1994).

Changes in mean length

The average length of each species in the historical
period was calculated from the mean weight using the
length-weight relationship for each species (Mann
2000). Use of individual length-weight relationships
for each species reduces the error that may be intro-
duced by applying a single theoretical one (W = 0.01
× L3) for all species, as used by Bianchi et al. (2000,
2001). 

For the period 1897–1906, mean sizes (weight or
length) of each species were considered to be consistent
among the four coastal regions, though such an as-
sumption may bias the estimates of the size spectrum.
Nevertheless, comparison with the modern data was
expected to capture changes in size composition over
the long term. Changes in mean length of each species
were assessed by comparing weighted mean lengths

in the three periods. The average lengths of each species
in each period were weighted by the cpue of each
species in each region to obtain weighted mean lengths
for the whole Cape region. 

The mean length of fish in the catch was calculated
by weighting the length of each species by its corre-
sponding cpue in each year:

where 
——
catchL

—
is mean catch length and Lij and Cij are

the length and cpue of species i in the jth year respec-
tively. In this way, the mean catch length of each region
is calculated, then weighted by the aggregate cpue of
each region to obtain the mean catch length for the
whole Cape region. 

Size spectra and K-dominance

An index of abundance for each species was estimated
by dividing the catch (total number of fish) in each
year by the effort (boat-years), expressed as number
per boat-year. Length frequencies of each species
were used to estimate the mean length of each species
for the more recent period. The length frequency data
for each species were not directly used for the com-
parative size spectra reported here, because such data
were not available for the historical periods. A separate
study (Yemane et al. in press) has shown that slightly
biased size-spectrum statistics (slopes and heights)
are obtained from mean size data for each species when
compared with size frequency data for all species.

A fish size range of 25–89 cm was used in the size
spectra. The size spectrum for each region and period
was constructed by distributing the number of indi-
viduals of each species into the appropriate 5-cm size-
classes (based on the mean length of that species),
then plotting the logarithm of overall abundance per
size-class against the logarithm of the class-mark, as
done by Bianchi et al. (2000, 2001). Slopes and inter-
cepts (heights) were estimated by linear regression.
Because slopes and heights are highly correlated, the
trend in the height is partly the result of its correlation
with the slope (Rice and Gislason 1996). Therefore,
to make the slope and height of the size spectrum in-
dependent and thus to provide different information,
the correlation should be removed. Daan et al. (2003)
suggested a way of removing the correlation between
the slope and height by estimating the height at the
mean value of the independent variable (loge class-
mark). By standardizing the independent variable to
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Lij Cij

Cij
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a mean of zero, the ordinate is moved systematically
to the midpoint of the size-class, giving the height at
the mean size-class. Therefore, the height represents
the (log) abundance of the mean size-class. Slope
and height are then estimated by log-linear regression.
The x-axis is expressed as log size-classes above and
below a mean of zero. The significance of the trend
in the slopes and heights of the size spectra over the
period 1897–1998 was tested using a Students t-test
(Zar 1999).

The change with time in the dominance structure of
the linefish catch was assessed graphically using K-
dominance curves, whereby cumulative dominance in
biomass is plotted against species rank, or log species
rank (Clarke 1990, Clarke and Gorley 2001). This ap-
proach is useful in that it picks up patterns of relative
species abundance without reducing the information
to a single summary statistic, such as a diversity index
(Clarke and Warwick 1994). 

RESULTS AND DISCUSSION

Trends in catch, effort and cpue

Trends in the aggregate total catch, effort and cpue of
the Cape linefishery are presented in Figures 2 and 3.
The total catch for the whole Cape region increased
over time along with effort, but cpue declined sub-
stantially from around 93.94 tons boat-year–1 in the
1890s to 12.25 tons boat-year–1 in the 1990s (Fig. 2).
The peak in cpue in 1904 was caused by an excep-
tionally large catch of geelbek in the South-Eastern
Cape then. Most of the region’s landings came from
the Western Cape. The total catch does not reflect the
overall biomass removed by the linefishery, because
catches from several sites were excluded if they
lacked observers; also it should be remembered that
linefish catches were lumped with trawl catches, so the
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Fig. 2:  Long-term trend in catch, effort, cpue and weighted mean length in the catch for the whole Cape region



catches reflected in Figure 2 are similarly not repre-
sentative of total biomass removed. Abundance trends
are mainly inferred from the trend in cpue. Similar
trends of an increase in the total catch and a decline
in cpue were found for the Western Cape (from 11.8

tons boat-year–1 at the turn of the century to 5.63 tons
boat-year–1 in the 1990s; Fig. 3a). The increase in the
total catch in the Western Cape is mainly attributed
to catches of the dominant pelagic, migratory snoek
Thyrsites atun, which constitute 78 – 96% of the
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catch. Off the South-Western Cape, cpue dropped
from 25.8 to 2.31 tons boat-year–1 between the 1890s
and 1990s (Fig. 3b). Snoek again contributed the largest
proportion to the total catch there. Off the Southern
Cape, cpue decreased from 12.8 tons boat-year–1 in

the 1890s to 2.36 tons boat-year–1 in the 1990s (Fig. 3c)
and, off the South-Eastern Cape, it dropped from 43.4
to 1.94 tons boat-year–1 over the same period (Fig. 3d).
Carpenter Argyrozona argyrozona and silver kob made
up the biggest proportion of the catch off the Southern
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and South-Eastern Capes. 
The dramatic declines in cpue reflect the heavy com-

mercial exploitation of the linefishery. This is attributed
to unregulated commercial effort on species whose life
histories do not support massive exploitation (Griffiths
2000). The depletion of most species is mainly at-
tributable to overfishing (Attwood and Farquhar
1999, Griffiths 2000). Although misreporting could
theoretically have influenced the observed trends, the
commercial handline trends were verified by similar
trends in commercial trawl datasets (silver kob and car-
penter), fishery independent linefish surveys (Southern
Cape) and stock assessment (silver kob, geelbek, car-
penter and yellowtail; Griffiths 2000).

Multivariate analysis of cpue

The classification and ordination (using non-metric
MDS) plot of years in the three periods are shown in
Figure 4, based on the cpue of each species included
in the study. The three periods clustered separately;
ordination of the same data further confirms this. The
two historical periods, which were characterized by
high cpue for most linefish species and lower effort,
tended to be grouped close to each other, whereas the
years in the more recent period were characterized
by high effort, when most species were overexploited
(Griffiths 2000), so were grouped together away from
the other periods. This corroborates the observed
trend in aggregate cpue and effort over the 100 years.
It also implies that there were differences in species
abundances among the three periods. Catch composition
data indicated that the biggest change in catch com-
position was between 1931 and 1986, confirming the
concept that many linefish species were heavily de-
pleted during that period, primarily as a result of de-
veloping technology and unregulated effort (Griffiths
2000).

Size composition

MEAN LENGTH

The mean lengths of the species considered are given
in Table I. The mean lengths of >50% decreased be-
tween the periods 1897–1906 and 1986–1998. The
mean lengths of chub mackerel, red stumpnose Chryso-
blephus laticeps and white stumpnose Rhabdosargus
globiceps increased towards the present, whereas that
of hottentot Pachymetopon blochii showed no clear
trend. Mean size of larger species (snoek, geelbek,
silver kob, seventyfour and yellowtail Seriola lalandi)

decreased substantially, but they are preferred species
of the linefishery. The decrease in the mean length of
seventyfour appeared extreme, but it may to some
extent have been exaggerated by a shortage of samples
and the scarcity of the species in recent catches. This
shoaling species has shown the greatest decline in
abundance (>99%; Griffiths 2000), so a large decline
in its mean size is not surprising. Seventyfour had es-
sentially become commercially extinct prior to the
moratorium imposed in 1998.

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 of a long-term trend in
coastal ocean temperature off the Western or Southern
Capes. If data are from just a short period, size change
may be the result of interannual dynamics in the re-
cruitment of individual species (Haedrich and Barnes
1997), but if the measured decreases in the mean
length are assessed in conjunction with the trend in
cpue of individual species reported in Griffiths (2000),
the conclusion can only be that heavy exploitation is
the most likely cause of the reduction in mean length.
The average length in the recent catches would have
been strongly influenced by the minimum size limit
regulations introduced in 1940 and 1985 and the selec-
tivity of the hooks used, the sizes of which have
seemingly remained largely constant over time. These
factors would have tended to limit fishing mortality
to the larger size-classes and prevented progressive
fishing down the size-classes. Therefore, a substantial
reduction in mean length would not be expected in
the fishery, and this measure alone would therefore
not provide a reliable index of the impact of fishing
on target stocks. 

The weighted mean catch length of the whole Cape
region is shown alongside the catch, cpue and effort
statistics in Figure 2. The trend in mean overall catch
length over time was marginally not significant when all
species were included in the analysis (slope = –0.031,
t = –2.04, p = 0.052). This slight trend may be the in-
fluence of the dominance of snoek and a switch to-
wards a species that was not targeted in the historical
period, i.e. yellowtail (Griffiths 2000). 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).

SIZE SPECTRA

Examples of the size spectra for selected years for
each region are depicted in Figure 5. The intension
was to show how an abundant species like snoek can
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affect the size spectra and in turn the spectrum statis-
tics (slope and height). For example, in the size spectra
for the Western Cape, snoek appeared towards the
tail of the size distribution; in the case of the historical

data snoek contributed largely to size-class 80–84 cm
and in the modern data to size-class 75 – 85 cm.
Similarly for the South-Western Cape, the size spectrum
was affected by snoek, making the negative slope
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Table II: Significance tests of the long-term trends in the slopes and heights of the size spectrum over the three periods from
1897 to 1998 (see Figs 6 and 7)

Region Parameter Estimate (b) SE t-value P-value

Whole Cape Slope –0.010 0.005 0–2.029 0.053
Height –0.027 0.002 –16.150 0.000

Western Cape with snoek Slope - 0.006 0.007 0- 0.807 0.427
Height –0.022 0.005 0–4.619 0.000

Western Cape without snoek Slope –0.050 0.012 0–4.326 0.000
Height –0.044 0.007 0–6.085 0.000

South-Western Cape Slope - 0.016 0.004 0- 3.644 0.001
Height –0.048 0.003 –16.038 0.000

Southern Cape Slope - 0.016 0.004 0 -3.644 0.001
Height –0.002 0.003 0–0.617 0.542

South-Eastern Slope –0.035 0.010 0–3.477 0.002
Height –0.019 0.004 0–4.806 0.000



shallower. 
Figure 6 shows the long-term trend in estimates of

the size spectra of the whole Cape plotted against time.
Heights decreased significantly between the 1890s
and 1990s (Table II, Fig. 7e), although they fluctuated
annually within each period. The slopes did not de-
cline significantly.

For the Western Cape, the trends in the slopes of
the size spectra did not show significant change over
time when snoek were included, but the heights of
the size spectra consistently declined with and without
snoek over the 100 years (Fig. 7a, b). This suggests a
decline in overall abundance of linefish. The insignifi-
cant change in the slopes of the size spectra can be
explained by species composition in the Western
Cape between 1897 and 1998, where snoek was the
dominant species, followed by hottentot, with other
species contributing little to overall abundance (Griffiths
2000). When snoek were included in the size spectra,
the slopes tended to be shallower in both historical
and recent periods. When the size spectrum was con-
structed without snoek, the slopes became steeper
(more negative) in the recent period. For the South-
Western Cape, the slopes of the size spectra became
significantly shallower with time, again attributable
to the dominance of snoek (Fig. 7c), whereas height
declined over time. The slopes for the Southern Cape
data also shallowed over time (Fig. 7d). This may
have been influenced by the larger catches of yellow-
tail in the recent period relative to the earlier ones.
Surprisingly, the height did not show any trend over
time. This would have been mainly because of yellow-
tail and silver kob occupying the mean size-classes
(50–60 cm) occupied by seventyfour in the 1890s.
For the South-Eastern Cape, the slopes and heights
of the size spectra declined significantly over time
(Fig. 7e), suggesting both shifts in size composition
and reduction in overall linefish abundance.

The significant decline in the slopes for the South-
Eastern Cape indicates a long-term shift in the size

composition towards smaller fish (Table II). This
could be both the result of decreasing abundance of
larger fish of all species and the differential overex-
ploitation of larger, long-lived species. For the whole
Cape linefishery, both reasons for the decline seem to
be appropriate, because the mean size (Table I) and
abundance of smaller species such as carpenter and
Roman Chrysobelphus laticeps was substantially re-
duced at the same time as larger species such as sev-
entyfour, kob and geelbek were being overexploited
(Griffiths 2000). On the other hand, the significant
decline in the heights of the size spectra over time in-
dicates an overall reduction in the abundance of all
linefish in the landings. The negative slope of the
size spectrum was directly proportional to the level of
exploitation (Gislason and Rice 1998, Shin and Cury in
press). The work of Bianchi et al. (2000, 2001), which
synthesizes size spectra and dominance structures of
different marine ecosystems, adds further support to
the findings of Gislason and Rice (1998).

For the cool-temperate Western Cape, the size spec-
trum was strongly influenced by the abundant snoek,
and the slope did not change with time. Snoek are
important socio-economically and, as a pelagic predator,
are also ecologically important (Griffiths 2002) in the
Cape. Owing to their unpredictable longshore and
offshore migrations and their r-selected life-history
traits, such as fast growth, early maturity and relatively
short life (Attwood and Farquhar 1999, Griffiths
2002), as a population they are less vulnerable to
overexploitation than other linefish species. The trend
for the Western Cape provides a good example of how
the size spectrum can easily be influenced by a domi-
nant species. If the dominant species is large, 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 heights of the spectra reflect overall abundance;
heights for the whole Cape and for all regions except
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Fig. 7: Long-term trends in the heights and slopes of size spectra in the four regions of the Cape: (a) Western Cape with snoek,
(b) Western Cape without snoek, (c) South-Western Cape, (d) Southern Cape and (e) South-Eastern Cape. Error bars denote

± 2 SE (n = 28)
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the Southern Cape, decreased significantly over the
100 years, suggesting an overall reduction in abundance
of all size-classes. The substantial steepening of the
slope of the South-Eastern and Western Cape (ex-
cluding snoek) was accompanied by a significant de-
crease in the height. Therefore, both size structure
and overall abundance of linefish have been nega-
tively impacted by heavy fishing, as suggested by
Griffiths (2000). 

Regional comparison

The mean heights of the modern size spectra of the
four regions are plotted against the corresponding
slopes in Figure 8. There were distinct differences in
the size spectra of the four regions, and the position of
the Western Cape on the plot appeared to depend on
the inclusion or exclusion of snoek for the analysis. If
snoek was included, all four regions grouped together,
but its exclusion resulted in a dramatic shift of the
position of the Western Cape; the other regions re-
mained in their original positions (Fig. 8). 

The pattern in the average slopes and heights for
the regions reflected the size composition and overall
abundance of linefish. The shallow slope for the

Southern Cape suggests relatively abundant larger
fish, likely the dominant species (carpenter, silver kob,
yellowtail, snoek and geelbek) because all except car-
penter are large (see Table I). The Western Cape had
the second shallowest slope, mainly because of snoek.
There was a relatively steep slope for the South-
Western Cape, indicating that smaller fish dominated
the catch there. The South-Eastern Cape had the steepest
slope, which implies a shift from large to small fish.
Catches there are dominated mainly by small carpenter
and panga and, to a lesser extent, by silver kob. 

Slopes and heights of the fish size spectra of different
ecosystems worldwide were compared by Bianchi et
al. (2000, 2001). Both studies showed distinct differ-
ences in size composition among the different ecosys-
tems and between the shelf and slope assemblages;
they were aligned almost linearly on the plot of the
slope against height. Bianchi and her co-authors pointed
out that this trend was partly a reflection of the corre-
lation between slope and height, steeper slopes corre-
sponding to larger heights. In the present study, the
four regions were not aligned linearly, possibly be-
cause of the removal of the correlation between slopes
and heights.  

Dominance

The K-dominance curves for the four regions are de-
picted in Figure 9. There were considerable changes in
dominance between the 1890s and 1990s, but the re-
sponses of the cool-temperate and warm-temperate re-
gions were opposite. Catches from the cool-temperate
Western Cape have tended to shift with time towards
the catch being dominated by a few species; snoek
contributed nearly 90% of the catch, followed by
hottentot. The region also had a low species diversity
historically compared with the other regions; whereas
the other species were depleted, there was a tendency
for the system to be dominated by a single (fast-
growing) species. Similar patterns of increasing domi-
nance in temperate regions have been reported for the
north-western North Sea (Greenstreet and Hall 1996),
southern North Sea (Rijnsdorp et al. 1996) and the
Scotian Shelf and off Portugal (Bianchi et al. 2000).
For the South-Western Cape, there has not been
much change in the dominance plot between the his-
torical and recent periods, but there has been a
change in the dominant species from geelbek to snoek
recently (Griffiths 2000). The more species-diverse,
warm-temperate regions (Southern and South-Eastern
Cape) demonstrated a reversal of the trend from the
catch being historically dominated by few species to-
wards a more evenly spread modern catch (1986–1998).
This is because the preferred stocks in the regions,
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geelbek and silver kob, were depleted, resulting in
fishers tending to target other, less-preferred species
(Griffiths 2000). 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 life-history traits, a relatively higher
diversity, and the fact that most species are associated
with rocky reefs. Such species are usually relatively
long-lived, k-selected species with restricted ranges.
When a fish community dominated by k-selected
species is heavily fished, abundance and productivity
will be too low to cope with fishing pressure, so domi-
nance will tend to decrease. For the South-Eastern

Cape, Griffiths (2000) showed that the linefishery
was historically dominated by geelbek, followed by
silver kob and seventyfour, all of which are k-selected
and slow-growing. The formerly dominant species
have now been overexploited, so the catch tends to be
dominated now by the smaller carpenter, and the
level of overall dominance has decreased.

CONCLUSIONS

Catch and effort in the linefishery have increased several-
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fold over the past 100 years off the Cape. The aggregate
cpue declined to <20% of its level in the 1890s. How-
ever, this is a very conservative estimate, because the
estimates of the effort presented here do not take
cognizance 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.

Multivariate analysis showed the combined effect
of the changes in cpue for all 12 linefish species con-
sidered, confirming the conventional catch-and-effort
analysis and showing that there was relatively little
change in catch rate and catch composition from
1900 to the 1930s. However, there was a major change
between 1930 and 1980, demonstrating a substantial
change in abundance of most species, and corre-
sponding with the large increase in fishing effort up
to the 1980s. 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). 

There was a minor (marginally non-significant)
change in the overall mean length of the pooled catch
in all four regions and species. The gentle trend in
declining overall mean length is attributed to the
masking effects of the dominant snoek and to a
switch in target towards yellowtail more recently.
When snoek were excluded from the analysis or
when regions were analysed separately (both not
shown), the declines in overall mean length over the
100 year period are significant. Table I demonstrates
the responses to heavy fishing pressure that would be
expected: in seven of the 12 species considered, the
mean length of fish declined substantially. 

Analysis of the combined distribution of fish sizes of
the 12 species in logarithmic size-classes was depicted
in size spectra, summarized by the twin statistics of
slope and height of the log-linear regression (Table II).
Slopes of the spectra of some regions became signifi-
cantly more negative recently, showing that the modern
linefish catch has fewer large fish and relatively more
small ones than there used to be, in spite of present-
day minimum size regulations. Furthermore, the line-
fish assemblage changes that are implied by changes
in catch composition were different in the four regions.
The cool-temperate regions differed from the warm-
temperate ones, particularly with regard to the inclusion
or exclusion of snoek. Inclusion of snoek gave the
size spectrum of the cool-temperate regions a shal-
lower slope. The height of the size spectrum reflects
overall fish abundance (Daan et al. 2003). This showed
declines in overall abundance of the fish assemblages
over the past 100 years in all four regions, with sta-
tistically significant declines in all but one region

(Table II). 
Dominance curves reflected the distribution of bio-

masses among species. These were also affected by
the inclusion or exclusion of dominant species such
as snoek. The cool, upwelling-influenced Western
Cape showed a trend towards increasing dominance
in the recent period, but the warm-temperate regions
showed decreased dominance with increasing fishing
pressure. This accords with the work of Bianchi et
al. (2000) for warm-tropical regions with increased
fishing pressure. The use of K-dominance curves in
assessing the effects of fishing may still need some
refinement to analyse the direction of responses of
the fish communities to disturbance.

The present 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
such as spatial considerations (Pequerie et al. 2004,
Drapeau et al. 2004). Taking into account the fact
that most linefish considered in this study are predators
at different trophic levels, overexploitation and de-
creases in the abundance of larger fish are likely to
have trophodynamic implications for the functioning
of the whole ecosystem.
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