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Surf-zone fish communities and their shifts over time are generally poorly understood. The aim
of this study was to compare the current surf-zone fish assemblage at King’s Beach, South
Africa, to a similar study conducted three decades ago, before the collapse of many exploited
shore fishes in the region. Beach seine nets (mesh sizes of 10 and 50 mm) were used to target
juvenile and adult fishes bimonthly from February to August 2011 over the high tide around
sunset. A total of 14 species were recorded in both the 30 m and 100 m seine nets. The catch in
these seine nets was dominated by Pomadasys olivaceus and Liza richardsonii, and this was
significantly different to three decades ago, when P olivaceus, Sarpa salpa and Diplodus
capensis dominated the catch. Important linefish species belonging to the Sparidae and
Sciaenidae families were significantly smaller and less abundant in this study. Two sparids,
S. salpa and Lithognathus mormyrus, which made a large contribution to the surf-zone catch
three decades ago were absent during this study. Reasons for the significant shifts in the
surf-zone fish community, including overexploitation of the linefish and potential habitat

modification, are discussed.

Key words: surf-zone, ichthyofauna, community shifts, overfishing, linefish.

INTRODUCTION

Many fish stocks globally have collapsed as a
consequence of intensive overfishing (Jackson
et al. 2001). An array of management decisions
have been implemented to return these ecosys-
tems to ecologically and economically sustainable
states (Worm et al. 2009), a challenging task which
is often hampered by the life-history of long-lived,
late-maturing species (Hutchings 2000). Quan-
tifying the effects of fishery collapse and identify-
ing overfishing as an ultimate cause is sometimes
diffused in complex systems by drivers such as
climate change, habitat modification, or human
disturbance (Finney et al. 2000; Jackson et al. 2001;
Hutchings & Reynolds 2004).

In dynamic habitats such as sandy beach
surf-zones, which are characteristically difficult to
sample (Strydom 2007; Schlacher et al. 2008),
effects of overfishing may be unclear. The extent to
which fishes utilize surf-zones and the factors
influencing community structure are generally
poorly understood (Beyst et al. 2001; Vasconcellos
et al. 2010). Surf-zones are important for many
estuary-associated and economically important
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fish species, especially in the early stages of their
development (Whitfield 1989; Strydom 2003; Able
2005; Félix et al. 2007). Consequently, several stud-
ies have highlighted the value of surf-zones as
nursery areas because of high densities of juvenile
and/or larval fish (Whitfield 1989; Beyst et al. 2001;
Ross & Lancaster 2002; Strydom & d’'Hotman 2005;
Able et al. 2010; Marin Jarrin & Shanks 2011).

In South Africa, many surf-zone fishes are
exploited in linefishery (the hook and line fishery)
and the populations of many of these species have
collapsed (Attwood & Farquhar 1999; Griffiths
2000; Palmer et al. 2008). Unfortunately, few histor-
ical studies are available for comparison with the
present day. Lasiak (1982), however, conducted a
study of the fish assemblage in a sheltered
surf-zone in Algoa Bay, South Africa. The study
comprised a monthly assessment of the fish assem-
blage using a large (60 m long by 2 m high with
4 cm stretched mesh) and medium (30 m long
by 2 m high with 1.7 cm stretched mesh) seine net,
pulled in triplicate and duplicate, respectively,
when sunset fell within two hours of high tide,
over a period of two years from 1978 to 1980
(Lasiak 1982). With the subsequent collapse of the
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stocks of several linefish species in South Africa
(Palmer et al. 2008), one would expect this to be
reflected in the modern-day fish assemblage in the
same habitat.

The objectives of this study were to evaluate
changes in the surf-zone fish community, particu-
larly the commercially important linefish species,
over the last 30 years. This was achieved by conduct-
ing an assessment of the fish utilizing King’s Beach
and comparing this to the study by Lasiak (1982).
The testable hypothesis for this study was that the
current fish assemblage at King's Beach will be
significantly different, in terms of the composition
and abundance of species, from that observed
by Lasiak (1982).

MATERIALS & METHODS

Study area

King’s Beach (33°58'S, 25°19'E) is located in Port
Elizabeth on the temperate coast of South Africa
(Fig. 1). This 1.3 km long beach is the most sheltered
surf-zone in Algoa Bay with an average wave
height of 0.7 m and a surf-zone which usually
extends 50 to 100 m offshore (McLachlan 1980).
Tides are classed as microtidal (2.0 m fluctuation)
and diurnal. The beach state is typically dissipative
or intermediate (McLachlan 1980).

Field sampling

The sampling regimes and techniques described
by Lasiak (1982) were followed where possible.
Sampling was conducted at one location (midway
along the beach), fortnightly over a six-month
period from February to August 2011 whenever
the high tide occurred within two hours of sunset.
A total of 12 sampling trips were conducted, with
triplicate collections (one hour before, at and one
hour after sunset) from each gear type on every
trip.

Two gear types were used. The first was a 100 m
long by 2.0 m high bag-less monofilament net with
50 mm stretched mesh (which acted as a gillnet for
some of the smaller fishes). The net was weighted
near the centre with additional lead weights to
ensure that this part of the net remained on the
substrate during retrieval. The approximate volume
of water sampled using this net was 6000 m®. This
net was deployed using a motorized rubber dinghy
to take the net beyond the surf-zone breakers.
A 110 mrope was attached to the bridle at each end
of the net to facilitate onshore retrieval. The net
was set parallel and approximately 100 m from the

20°0'0"E 25°0'0"E 30°0'0"E
South Africa
25°0'0"S 25°0'0"S
30°0'0"SH [F30°0'0"S
15°0'0"E 20°0'0"E 25°0'0"E \\30°0'0”E
Algoa Bay

>z
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Fig. 1. Algoa Bay, South Africa, showing the location of
the study area at King’s Beach.

shore. Due to dangerous surf conditions and
difficulty during boat launch, the 100 m seine was
not used on one trip (18 June). A minimum of eight
people were required to haul in the net.

A 30 m long by 1.5 m high seine net with 10 mm
stretched mesh and a central bag was used to
sample the shallower surf-zone. This net was
hauled in an arc from the shore to approximately
1.5 m and at least four people were required to
haul in the net. The approximate volume of water
sampled using this net was 1000 m>.

All fish that could be positively identified in the
field were measured to fork-length (FL) and total-
length (TL) and then released alive. The remain-
der were preserved in 10% formaldehyde and sea-
water and then taken back to the laboratory for
identification.

Temperature, salinity (parts per thousand; %o),
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pH and turbidity (measured as NTU) were recorded
using a YSI 6600 multi-parameter meter, coincid-
ing with the time of each replicate of the 100 m
seine net. As several surf-zone studies have noted
the possible link between floating seaweed in the
surf-zone and fish densities (e.g. Crawley et al.
2006), a subjective scale was used to measure sea-
weed abundance in the water column. An ordinal
scale, from 0 to 4, was used, ranging from no visible
seaweed in the surf-zone (0), seaweed in the
surf-zone but not washed ashore (1), sparse (2) and
moderate (3) amounts of seaweed in both the
surf-zone and washed ashore, to seaweed being
highly visible and large amounts washed ashore (4).

Laboratory analysis

All fish were identified to the lowest taxonomic
rank possible using reference guides for fish of the
area (Smith & Heemstra 1995; Heemstra & Heemstra
2004). Mullet (Mugilidae) are particularly difficult
to identify when they are young and therefore
their teeth were analysed for identification (van
der Elst & Wallace 1975). Fish were referred to
as ‘juveniles’ and as ‘adults’ before and after reach-
ing sexual maturity, respectively, as determined
by known length—-maturity relationships (Mann
2000; Heemstra & Heemstra 2004). All fish were
measured according to fork length (FL) and total
length (TL).

Data analysis

All biological and environmental data were
tested for normality (Kolmogorov-Smirnov test)
and for homogeneity of variances (Levene’s test).
The relationship between the gear type and species
catch per unit effort (CPUE; number of fish per
seine haul) data and the environmental data
were tested using the statistical analysis software-
package, PRIMER and the BIO-ENV routine
(Clarke & Warwick 1994) or Spearman rank corre-
lations.

For comparative purposes, the Lasiak (1982)
monthly catch data from February to August were
extracted for each species for the 30 m and 60 m
seine net. As the species-specific length data were
pooled in the Lasiak (1982) study, mean length
data for selected species from the 60 m and 30 m
seines from Lasiak (1982) and the 100 m and 30 m
seines from the current study, respectively, were
compared and no significant difference was seen
in terms of mean net selectivity between the two
studies (P > 0.05; d.f. = 5 and 9, respectively).
Therefore direct comparisons between these two

net sizes were justified. A one-way paired Student’s
t-test or a Pearson chi-square analysis was con-
ducted to compare the percent numerical contri-
bution of each species in the two studies.
Shannon-Wiener diversity (H’) indices were
calculated for each gear type where applicable:

R
H’=—;Pi logp; ,

where p;, is the proportion of individuals in the ith
species and R is the total number of species.
Species were grouped by family and the numeri-
cal contribution of the dominant families was com-
pared between the two studies using a Pearson
chi-square analysis. Shifts in the community struc-
ture by family between the two studies were
analysed using a multidimensional scaling (MDS)
plot and the significance tested using an ANOSIM
(Clarke & Warwick 1994). Abundance data were
square-root transformed prior to analysis. Family
CPUE, represented as the number of fish caught
per sampling trip rather than per seine haul as
these data were unavailable from Lasiak (1982), were
compared between studies using non-parametric
Mann-Whitney U-tests. For comparative purposes
only catch data from the 30 m seine from before
and after sunset were extracted as Lasiak (1982)
did not sample with this net at sunset. Where
applicable data are presented as mean + S.D.

RESULTS

Environmental factors

Sea temperature in the surf-zone ranged
from 13.5 to 20.3°C during the study period, with
an overall decrease from February to the end of the
study in August 2011 (Fig. 2). Salinity ranged from
32.0 to 36.2 %o, with no obvious decrease after the
nearby Baaken’s River, which flows into the Port
Elizabeth harbour adjacent to King’s Beach,
flooded in March (Fig. 2). The pH ranged from 7.66
to 8.79 throughout the study, with the lowest value
recorded after heavy rainfall in March (Fig. 2).
Turbidity ranged from 1.7 to 21.8 NTU (Fig. 2),
with two clear peaks at the end of April and begin-
ning of July 2011. These peaks in turbidity roughly
coincided with two periods during the study
when the surf-zone seaweed abundance was also
high (Fig. 2) and followed stormy sea events.

There were no significant correlations between
the CPUE data and environmental factors for any
gear type, with the strongest correlations found
between the suspended seaweed abundance
and CPUE of the 30 m (0.198) seine and between
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Fig. 2. Environmental variables measured in the surf-
zone at King’s Beach at two-weekly intervals over the
sampling period (February to August 2011).

the pH and CPUE of the 100 m (-0.338) seine (Ta-
ble 1). The CPUE was higher after sunset for both
gear types but this was only significant for
the 100 m seine (Table 1; Kruskall-Wallace test,
P < 0.05). When analysed by species there was a
strong negative correlation between turbidity and
the CPUE of lesser guitarfish (Rhinobatos annu-
latus) (-0.899) in the 100 m seine and the estuarine
roundherring (Gilchristella aestuaria) (-0.591) in the
30 m seine (Table 1). Sea temperature was nega-
tively correlated with the CPUE of Rhabdosargus
globiceps (-0.593) in the 30 m seine and Pomatomus
saltatrix (-0.786) in the 100 m seine (Table 1).

The CPUE of the remaining species was either not
significantly correlated to any of the measured
environmental variables (P > 0.05) or the correla-
tions were not considered meaningful because
the CPUE of those species was low.

Fish composition in the 30 m seine net

In the current study, a total of 14 species belong-
ing to eight families (H" = 0.571) were caught in
the 30 m seine net (Table 2). Biweekly CPUE
(34.1 = 44.1 fish/trip) and catch composition were
variable (Fig. 3). The catch was dominated by four
species, Pomadasys olivaceus, Liza richardsonii,
Diplodus capensis and R. globiceps, in terms of
number, CPUE and consistency of occurrence
(Table 2, Fig. 3). D. capensis, L. richardsonii and to a
lesser extent, R. globiceps dominated the catch in
the 30 m seine during the first few sampling
months while P. olivaceus was by far the dominant
species caught during middle sampling months
(Fig. 3). With the exception of G. aestuaria, all of the
other species caught in the 30 m seine contributed
less than 1.0% to the total catch.

For comparable months (February to August),
the species composition in the historical study
(Lasiak 1982) was richer, but not more diverse,
with 28 species belonging to 17 families (H" = 0.527;
Table 3). P. olivaceus (70.1%), L. richardsonii (1.6%),
D. capensis (5.6%) and R. globiceps (1.6%) were also
a dominant component of the catch in the histori-
cal study. Atherina breviceps was by far the numeri-
cally dominant (49.0%) species (Lasiak 1982) when
compared with this study (4.0%), but the bulk
(97.9%) of A. breviceps caught by Lasiak (1982) were
in the months outside of this study’s sampling
period (September to January). The sand steen-
bras Lithognathus mormyrus, strepie Sarpa salpa and
maasbanker Trachurus trachurus, which were rela-
tively important components (9.8%, 4.8% and
0.9%, respectively) in the 30 m seine net catch
(Lasiak 1982), were absent during this study. Ten
species were captured in over 50% of the sampling
events during Lasiak’s study compared with three
species during the current study (Table 2).

Fish composition in the 100 m and 60 m
seine net

In the present study, fourteen species belonging
to nine families were caught in the 100 m seine net
(H = 0.094). The total catch of the 100 m seine was
dominated by 1552 L. richardsonii which were
captured in a single sample during the second
fortnight in May (Table 4). Biweekly CPUE was
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Fig. 3. Fish species contribution per sampling trip, as caught in the 30 m seine at King’s Beach between February and
August 2011. Months are indicated by their first letter and the fortnight within each month is indicated numerically.

consistently lower than for the 30 m seine when
this L. richardsonii catch was excluded (8.7 = 6.3
fish/trip). Although remaining the dominant
species, its omission increased the H' to 0.237. The
CPUE for other species was low (<5.0 fish/haul)
(Table 4). L. richardsonii was also the most consis-
tently captured species and found in 72.7% of the
seine net hauls (Table 4). The majority, 91.2% or
78.2% (excluding the disproportionately large
L. richardsonii catch), of the fish caught were adults
(Table 4).

In the historical study, a total of 42 species
belonging to 24 families with an H" of 0.952 were
captured during comparable months (February to
August) using a 60 m seine net (Lasiak 1982)
(Table 5). The most noticeable difference in the
catch composition was S. salpa which dominated
the catch (42.7% contribution) in the historical
study, but was absent in the present study
(Tables 4 & 5). Similarly, L. mormyrus was relatively
abundant in the historical study (5.1%) but absent
during the present study. However, all of the

remaining species which contributed more than
1.0% to the catch in the historical study were also
present, but with a lower numerical contribution,
in the catch of the current study (Tables 4 & 5). At
least 12 species in the Lasiak (1982) study consis-
tently occurred in well over 50% of the monthly
samples (Table 5) while only two species in the
current study were caught consistently in over
50% of the fortnightly samples (L. richardsonii and
R. annulatus; Table 4).

Historical comparison: family differences
For the months of February to August, the
Haemulidae dominated the total catch in the 30 m
seine net in both the Lasiak (1982) and current
study (Table 2 and Table 3; Fig. 4). Overall, the
dominant families captured in the two studies
were similar (Fig. 4). However, the Mugilidae con-
tributed a higher proportion towards the total
catch (16.4%) in the current study when compared
with the historical study (Lasiak 1982) (1.6%;
Fig. 4). Sciaenids and carangids, which were domi-
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Table 3. Composition of the species captured in the 30 m seine net by Lasiak (1982) showing the total catch (number
and %), the catch between the months February to August, the consistency of species occurrence during the monthly
sampling trips and the mean and range of fish length measurements.

Family Species Total catch February to Consistency  Total Length
August in catch (cm)
No. % No. % % Mean Range
Ambassidae Ambassis ambassis 1 <1 1 <1 7.7 - 2.1-21
Atherinidae Atherina breviceps 8338 49 177 4 69.2 79 3.4-11
Carangidae Caranx sp. 3 <1 3 <1 23.1 - 4.2-7A1
Lichia amia 5 <1 0 <1 7.7 - 4.1-5.9
Trachinotus africanus 1 <1 0 <1 7.7 - -
Trachurus trachurus 375 2 44 <1 76.9 5.8 2.9-86
Clupeidae Etrumeus terres 14 <1 12 <1 15.4 - 3.8-4.8
Gilchristella aestuaria 16 <1 8 <1 53.8 - -
Cynoglossidae Cynoglossus sp. 3 <1 3 <1 15.4 - -
Cyprinidae Gonorhynchus gonorhynchus 3 <1 3 <1 7.7 - 3.8-4.3
Haemulidae Pomadasys commersonnii 1 <1 1 <1 7.7 - -
Pomadasys olivaceus 5503 33 3516 70 100.0 43 2.1-16.8
Kyphosidae Neoscorpis lithophilus 2 <1 0 <1 15.4 - 41-6.2
Monodactylidae = Monodactylus falciformis 8 <1 2 <1 46.2 225 21-23.3
Mugilidae Liza dumerili 8 <1 3 <1 30.8 - -
Liza richardsonii 253 2 78 2 92.3 82 1.7-31.8
Liza tricuspidens 1 <1 0 <1 7.7 - -
Platycephalidae  Platycephalus indicus 1 <1 1 <1 7.7 - 49-52
Pomatomidae Pomatomus saltatrix 6 <1 5 <1 231 19 7-50.8
Rhinobatidae Rhinobatos annulatus 21 <1 16 <1 76.9 - -
Sciaenidae Argyrosomus japonicus 23 <1 18 <1 46.2 27.1 18-41.2
Umbrina canariensis 17 <1 13 <1 53.8 27.3 3.5-55.8
Soleidae Austroglossis pectoralis 1 <1 0 <1 7.7 - -
Heteromycteris capensis 7 <1 3 <1 30.8 - -
Sparidae Diplodus cervinus 3 <1 0 <1 15.4 - -
Diplodus capensis 374 2 279 6 100.0 72 2.2-36
Lithognathus lithognathus 20 <1 2 <1 46.2 46.9 16.8-86.7
Lithognathus mormyrus 698 4 489 10 100.0 55 2.1-29
Pagellus natalensis 3 <1 3 <1 7.7 - 6.6-8.2
Rhabdosargus globiceps 163 <1 81 2 76.9 55 2.8-10.1
Rhabdosargus holubi 19 <1 2 <1 38.5 20.9 10.5-32.8
Sarpa salpa 926 5 241 5 76.9 6.3 1.9-156
Sparodon durbanensis 1 <1 0 <1 7.7 - -
Sphyranidae Sphyraena acutipinnis 15 <1 1 <1 38.5 - 5.1-10.2
Synathidae Sygnathus temminckii 1 <1 0 <1 7.7 - -
Tetraodontidae Amblyrhynchotes honckenii 17 <1 10 <1 61.5 - 3.9-5.6
Triglidae Lepidotrigla sp. 6 <1 0 <1 23.1 - 3.5-5.5

nant during the Lasiak (1982) study, were absent
in the 30 m seine net catches in this study. Overall,
there was a significant difference in the family
composition between the two studies (P < 0.05;
x> = 146.5).

Sparidae which dominated the catch of the large

seine net in the historical study (Lasiak 1982) were
replaced by the Mugilidae in this study (Fig. 5). The
contribution of the top ten families (the remainder
were summed for comparison as ‘others’) were
significantly different between the two studies
(P < 0.05; > = 1359.4). Even when the exception-
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Table 5. Species composition of the 100 m seine from Lasiak (1982) showing total catch (number and %), the catch
between February and August, the consistency of occurrence and the mean and range of the length measurements.

Family Species Total catch February to Consistency  Total length
August in catch (cm)
No. % No. % % Mean  Range
Ariidae Galeichthys feliceps 3 <1 3 <1 8 - -
Atherinidae Atherina breviceps 32 <1 12 <1 31 89 6.4-105
Carangidae Caranx sp. 2 <1 0 <1 4 - -
Lichia amia 3 <1 0 <1 4 - -
Trachurus trachurus 6 <1 2 <1 12 6.4 5.3-8.0
Clupeidae Sardinops sagax 1 <1 0 <1 4 - -
Cynoglossidae Cynoglossus sp. 1 <1 1 <1 4 - -
Cynoglossus capensis 6 <1 1 <1 8 - -
Dasyatidae Dasyatis pastinaca 37 <1 32 1 27 - -
Dichistiidae Dichistius capensis 3 <1 2 <1 12 - -
Dichistius multifasciatus 1 <1 1 <1 4 - -
Gempylidae Trichiurus lepturus 4 <1 4 <1 4 - -
Haemulidae Pomadasys commersonnii 21 <1 10 <1 54 - -
Pomadasys olivaceus 514 13 184 8 77 119 3.8-22.2
Kyphosidae Neoscorpis lithophilus 1 <1 1 <1 4 - -
Merlucciidae Merluccius capensis 4 <1 4 <1 8 - -
Monodactylidae  Monodactylus falciformis 409 10 200 9 81 21.8 17.0-25.4
Mugilidae Liza dumerili 33 <1 10 <1 35 - -
Liza richardsonii 402 10 128 5 85 26.8 4.2-38.8
Liza tricuspidens 22 <1 14 <1 27 - -
Mugil cephalus 2 <1 0 <1 4 - -
Myliobatidae Myliobatis aquila 14 <1 8 <1 38 - -
Pteromylaeus bovinus 5 <1 0 <1 8 - -
Platycephalidae  Platycephalus indicus 1 <1 1 <1 4 - -
Pomatomidae Pomatomus saltatrix 62 2 26 1 65 284 11.1-50.3
Rajidae Raja miraletus 1 <1 1 <1 4 - -
Leucoraja ocellata 1 <1 1 <1 4 - -
Rhinobatidae Rhinobatos annulatus 184 5 107 5 92 - -
Sciaenidae Argyrosomus japonicus 158 4 95 4 65 27.1 16.3-53.4
Umbrina canariensis 67 2 45 2 73 37.0 9.7-83.7
Scombridae Scomber japonicus 1 <1 0 <1 4 - -
Scyliorhinidae Haploblepharus edwardsii 1 <1 1 <1 4 - -
Halaelurus natalensis 5 <1 5 <1 12 - -
Sillaginidae Sillago maculata 6 <1 5 <1 8 - -
Soleidae Austroglossis pectoralis 4 <1 1 <1 12 - -
Heteromycteris capensis 9 <1 7 <1 31 - -
Synaptura marginata 1 <1 1 <1 4 - -
Sparidae Cheimerius nufar 4 <1 4 <1 12 - -
Diplodus cervinus 6 <1 1 <1 15 - -

Continued on p. 15
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Table 5 (continued)

Family Species Total catch February to Consistency  Total length
August in catch (cm)
No. % No. % % Mean Range
Diplodus capensis 342 9 220 9 92 149 4.8-34.2
Lithognathus lithognathus 64 2 17 <1 69 30.7 12.2-89.6
Lithognathus mormyrus 129 3 120 5 54 14.8 5.0-29.1
Pachymetopon blochii 1 <1 0 <1 4 - -
Pagellus natalensis 1 <1 1 <1 4 - -
Rhabdosargus globiceps 19 <1 11 <1 35 9.1 5.9-13.1
Rhabdosargus holubi 54 1 18 <1 62 20.8 9.7-31.4
Sarpa salpa 1257 32 999 43 65 13.1 5.3-25.8
Sphyranidae Sphyraena acutipinnis 7 <1 0 <1 8 - -
Tetraodontidae Amblyrhynchotes honckenii 57 1 34 1 65 - -
Triakidae Mustelus sp. 3 <1 3 <1 12 - -

ally large catch of L. richardsonii in the current
study was omitted, the family composition between
the two studies was significantly different (P <
0.05; y> = 474.2), with Mugilidae now dominating
the catch (54.6%).

When combining the catch in all gears the juve-
nile and adult contingents were dissimilar during
the two studies (Fig. 6; ANOSIM, P < 0.05, Global
R =0.731and 0.787 respectively). Juvenile fishes in
the historical study in particular showed little
variability between months compared with the
large variability in the present study (Fig. 6).

For comparable species and months, the CPUE
of Sparidae was far greater in the historical study
than during this study for both the 30 m (52.0 %
14.5 fish/trip versus 5.5 + 7.0 fish/trip; Mann-
Whitney, P < 0.05) and large seine (19.0 = 15.9
fish/trip versus 0.8 = 1.5 fish/trip; Mann-Whitney,
P < 0.05) catches. Of the Sparidae caught, large
individuals (greater than 30 cm TL) comprised a
larger proportion in Lasiak’s study (7.4%) than in
this study (4.2%). The CPUE of Sciaenidae
(Argyrosomus japonicus and Umbrina canariensis) in
the historical study was also far greater than the
current study for both the 30 m seine (4.4 + 4.3
fish/trip versus 0 fish/trip) and large seine (10.0 =
16.3 fish/trip versus 0.4 + 0.9 fish/trip; Mann-
Whitney, P < 0.05) catches.

DISCUSSION
Environmental drivers

Environmental variables were not useful in
explaining much of the overall CPUE variation

between sampling trips in the present study; how-
ever, several species showed strong correlations
with some of these variables (Table 1). The low
salinity together with high pH and turbidity
measured in the latter end of this study, possibly a
reflection of local run-off and seepage into the
surf-zone during winter storms, might explain the
low CPUE during this period (Fig. 3). Turbidity
may inhibit the feeding success of certain species
(Clark 1997) and this might have played a part in
the strong negative correlation observed between
the CPUE of the benthic-feeding lesser guitarfish
(R. annulatus) and turbidity (Table 1).

The density of suspended seaweed has been
identified as a factor influencing the abundance of
fishes in the surf-zone (Robertson & Lenanton
1984; Clark et al. 1996; Crawley et al. 2006). Van der
Merwe & McLachlan (1987) found that detached
macrophytes were not an important driver of
juvenile fish abundance at King’s Beach. The
results of the present study suggest that overall
CPUE was generally positively correlated to sea-
weed levels for juvenile fish caught in the 30 m
seine (Table 1). However, for better resolution, an
improved method for the quantification of sea-
weed density (e.g. Clark ef al. 1996) may provide
clearer relationships.

Lasiak (1984a) suggested that wind, more so than
seasonality (Lasiak 1984b), was the dominant
driver of variability in the surf-zone fish assem-
blage atKing's Beach as itinfluenced the local tem-
perature, turbidity and wave height. The current
study provides some correlative evidence to con-
firm this observation (Table 1). However, it is most
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Fig. 4. Percentage contribution of the fish families caught between February to August in the 30 m seine net by Lasiak

(1982) (top) and this study in 2011 (bottom).

likely that a suite of interrelated variables drive the
relative abundance of the fishes in the surf-zone at
King’s Beach, as is well-documented for
surf-zones (e.g. Clark et al. 1996; Beyst et al. 2001).

Community shifts

The large net used by Lasiak (1982) was only
60 m in length and therefore a comparison with
the 100 m net used in this study may have influ-
enced the results. However, the differences in gear
type were unlikely to have had an effect on the
catch composition between the two studies as
there was no significant difference in net selectiv-

ity (Figs 4 & 5). The relative abundance of the fish
captured in the two studies may have been influ-
enced by a difference in the deployment of the
30 m seine net, which was laid out just beyond the
breakers, and therefore sampled more water, in
the Lasiak (1982) study and by the larger-sized
seine net in the present study. If a direct relation-
ship is assumed between sampled volume and
CPUE, then this sampling method and size differ-
ence for the 30 m and large seine net, respectively,
would roughly equate to a reduction by 35% and
anincrease by 25% in the Lasiak (1982) catch by the
two gears. However, when one considers the mag-
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nitude of the difference in the catch of many of the
species between this and the Lasiak (1982) study
(Tables 2, 3, 4 & 5), these differences are not likely
to influence the conclusions made in this study.
The comparison of the catch in the large seine
net provides evidence for a shift in the composi-
tion, abundance and size frequency of the
surf-zone fish community of King’s Beach. This is
perhaps best illustrated by two of the most impor-
tant linefish families, the Sparidae and the
Sciaenidae, which comprised a significant compo-
nent of the catch in the Lasiak (1982) study, but
were poorly represented in the present study.

Sparids were the most abundant family in the
catch of the large seine net in the Lasiak (1982)
study, while fishes belonging to the family
Mugilidae dominated the catch in the present
study (Fig. 5). An increase in the relative abun-
dance of fish belonging to the family Mugilidae
was also observed in the catch of the 30 m seine net
(Fig. 4). However, the proportion of haemulids
and sparids remained relatively stable (Fig. 4).
One of the most likely explanations for the shift in
the species composition would be the stock deple-
tion of the linefish species. The majority of South
Africa’s linefish are considered to be overexploited
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plot) fish communities (by family) between February and August for 1979-80 (denoted as ‘1980’) and 2011. Samples

are grouped according to their respective months.

(Mann 2000) and in an annual week long
shore-based linefish competition, the mean over-
all CPUE declined by more than half between the
time periods 1978-1982 and 1999-2010 (Coetzee
et al. 1989; Dicken et al. 2012). Although the rela-
tionship between reproductive output and re-
cruitment success is far from clear (Dixon et al.
1999), egg production is considered to be a rela-
tively good indicator of recruitment potential
(Marshall et al. 1998). Thus, with large reductions
in the relative abundance of adult fishes, the

recruitment of larval linefish is expected to follow
the same pattern, but this study did not aim to
determine this. As specialist planktivores, the
dominance of Mugilidae in this study is also
indicative of the effects of exploitation, where fish
from upper feeding guilds (such as Sparidae) are
replaced with those belonging to lower feeding
guilds (Jackson et al. 2001).

While overexploitation remains a plausible
explanation, the absence of S. salpa or L. mormyrus
(Sparidae) in the present study, which are not



Rishworth et al.: Fish utilization of surf-zones at King’s Beach 19

heavily targeted in the linefishery (Table 2 &
Table 4), suggests that other factors may also have
played a role in the changes observed. The most
obvious of these is that there may have been
changes to the surf-zone habitat over the last three
decades. Species noticeably absent or less abun-
dant (from Sparidae and Sciaenidae families) in
the current study mostly occur in sandy-bottom or
rocky inshore habitats (Mann 2000; Heemstra &
Heemstra 2004), which are similar at the study site
to what they were three decades ago. Goschen &
Schumann (2011) suggested that sand deposition
had practically ceased by the 1980s following the
construction of the harbour break-water wall
in 1930. The 5 m depth contour, high water mark
and sand input at King’s Beach have also remained
relatively stable since the 1980s (Goschen &
Schumann 2011). While this study was dedicated
to the nearshore zone, it is possible that an altered
subtidal habitat may have contributed to the
historical community shift observed. In particular,
subtidal reef structures behind the surf-zone were
more exposed during the 1980s and were covered
by sand in the years prior this study (Goschen &
Schumann 2011).

Regardless of the mechanism driving the shiftin
species composition in the surf-zone, the loss or
drastic reduction of certain species, particularly
those belonging to higher feeding guilds will
likely have ecosystem effects due to the low func-
tional redundancy in coastal marine assemblages
(Micheli & Halpern 2005). For example, the simpli-
fication of the fish community in the Goukamma
Marine Protected Area after the exploitation of a
top predator, the red roman, Chrysoblephus laticeps,
resulted in the increased abundance of a generalist
feeder, the fransmadam, Boopsoidea inornata (Gotz
et al. 2009).

Diamond (1986) cautioned against a ‘snap-shot’
approach of analysis where conclusions are drawn
from two isolated sampling events in the absence
of continuous data. In this case, the two studies
were conducted approximately three decades
apart, and while Diamond’s caution is valid, it
should not deter one from conducting such an
analysis, even if the reasons for any observed
differences could be speculative. However, it is
notable, firstly, that two key families have declined
both in abundance and in length frequency distri-
bution since the pre-exploitation assessment
(Sparidae and Sciaenidae) and secondly, that at
least two sparid species were completely absent
from the current samples. These observations are

robust in terms of the magnitude of difference
between the two studies. While other factors such
as possible undocumented increase in human
disturbance at this popular beach (De Ruyck et al.
1998), sand deposition, altered habitat structure in
adjacent areas, temporal local variability in Algoa
Bay (Goschen & Schumann 2011), or even climate
change could have contributed to the observed
differences, the collapse of the linefish stock,
particularly Sparidae and Sciaenidae, remains the
most likely explanation for the shift in the
surf-zone fish community.

CONCLUSION

The results of this study provide a well-defined
picture of the community-level shifts and the
possible effect of the recent collapse in southern
African linefish on the juvenile surf-zone fish
community at King’s Beach. The universal signs of
overfishing, such as a reduction in overall fish
abundance, and a simplification of the fish com-
munity towards lower-level trophic feeders, were
also evident in this study.

Surf-zones are inherently dynamic habitats and
the fish communities inhabiting them are conse-
quently highly variable (Lasiak 1984a; Vasconcellos
et al. 2010; Marin Jarrin & Shanks 2011). Therefore,
although the results of this study are clear, a
broader long-term study would better differentiate
between the effects of the linefish stock collapse and
others such as habitat modification on southern
African surf-zone fish communities. Additionally,
the observed reduced adult fish abundance and
the relationship between adult stock condition
and recruitment (Marshall et al. 1998; Dixon et al.
1999) should prompt an investigation into the
consequences for larval and juvenile fishes in
nursery habitats such as surf-zones (Ross &
Lancaster 2002; Strydom & d’Hotman 2005; Able
et al. 2010). Ultimately it is vital that the entire life
history of all important fish species is known if
accurate conservation measures are to be en-
forced.

ACKNOWLEDGEMENTS

The authors would like to thank the many
invaluable field assistants. They were Tim Vink,
Paula Pattrick, David Green (also thanked for
drawing the site map), Tash Vogt, Juan Scheun,
Diane Smith, Tiffany Thwaits, Makabongwe
Siqala, Rogan Fourie, Dylan Rishworth, Linda
Harris, Wesley de Klerk, Graham Bell, Tanja van
de Ven, Doug Makin and several others.



20 African Zoology Vol. 49, No. 1, April 2014

REFERENCES

ABLE, KW. 2005. A re-examination of fish estuarine
dependence: evidence for connectivity between
estuarine and ocean habitats. Estuarine, Coastal and
Shelf Science 64: 5-17.

ABLE, KW, WILBER, D.H., MUZENI-CORINO, A. &
CLARKE, D.G. 2010. Spring and summer larval fish
assemblages in the surf zone and nearshore off
northern New Jersey, USA. Estuaries and Coasts 33:
211-222.

ATTWOOD, C.G. & FARQUHAR, M. 1999. Collapse of
linefish stocks between Cape Hangklip and Walker
Bay, South Africa. South African Journal of Marine
Science 21: 415-432.

BEYST, B., HOSTENS, K. & MEES, J. 2001. Factors influ-
encing fish and macrocrustacean communities in the
surf zone of sandy beaches in Belgium: temporal
variation. Journal of Sea Research 46: 281-294.

CLARK, B.M. 1997. Variation in surf-zone fish commu-
nity structure across a wave-exposure gradient.
Estuarine, Coastal and Shelf Science 44: 659-674.

CLARK, B.M., BENNETT, B.A. & LAMBERTH, S.J. 1996.
Factors affecting spatial variability in seine net
catches of fish in the surf zone of False Bay, South
Africa. Marine Ecology Progress Series 131: 17-34.

CLARKE, K.R. & WARWICK, R.M. 1994. Change in Marine
Communities: an Approach to Statistical Analysis and
interpretation. Plymouth Marine Laboratory, Plymouth.

COETZEE, PS., BAIRD, D. & TREGONING, C. 1989.
Catch statistics and trends in the shore angling fish-
ery of the east coast, South Africa, for the period 1959
1982. South African Journal of Marine Science 8: 155-171.

CRAWLEY, KR., HYNDES, G.A. & AYVAZIAN, S.G.
2006. Influence of different volumes and types of
detached macrophytes on fish community structure
in surf zones of sandy beaches. Marine Ecology
Progress Series 307: 233-246.

DE RUYCK, AM.C., SOARES, A.G. & McLACHLAN, A.
1998. Human recreational patterns on beaches with
different levels of development. Transactions of the
Royal Society of South Africa 52: 257-276.

DIAMOND, J.M. 1986. Overview: laboratory experi-
ments, field experiments and natural experiments.
In: Community Ecology, (eds) J.M. Diamond & TJ.
Case, pp. 3-23. Harper & Rowe, New York.

DICKEN, M.L.,, SMALE, M.J. & BOOTH, A.]. 2012.
Long-term catch and effort trends in Eastern Cape
Angling Week competitions. African Journal of Marine
Science 34: 259-268.

DIXON, PA., MILICICH, M.J. & SUGIHARA, G. 1999.
Episodic fluctuations in larval supply. Science 283:
1528-1530.

FELIX, EC., SPACH, H.L.,, MORO, PS., SCHWARZ, R J.,
SANTOS, C., HACKRADT, C.W. & HOSTIM-SILVA,
M. 2007. Utilization patterns of surf zone inhabiting
fish from beaches in Southern Brazil. Pan-American
Journal of Aquatic Sciences 2: 27-39.

FINNEY, B.P,, GREGORY-EAVES, 1., SWEETMAN, ]J.,
DOUGLAS, M.S.V. & SMOL, J.P. 2000. Impacts of
climatic change and fishing on Pacific salmon abun-
dance over the past 300 years. Science 290: 795-799.

GOSCHEN, W.S. & SCHUMANN, E.H. 2011. The
physical oceanographic processes of Algoa Bay, with

emphasis on the western coastal region: a synopsis of
the main results of physical oceanographic research
undertaken in and around Algoa Bay up until 2010.
South African Environmental Observation Network
(SAEON) Institute for Maritime Technology (IMT),
on behalf of the South African Navy.

GOTZ, A, KERWATH, S.E., ATTWOOD, C.G. & SAUER,
W.H. 2009. Effects of fishing on a temperate reef
community in South Africa 1: ichthyofauna. African
Journal of Marine Science 31: 241-251.

GRIFFITHS, M.H. 2000. Long-term trends in catch and
effort of commercial linefish off South Africa’s Cape
Province: snapshots of the 20th century. South African
Journal of Marine Science 22: 81-110.

HEEMSTRA, PC. & HEEMSTRA, E. 2004. Coastal Fishes of
Southern Africa. National Inquiry Service Centre,
South Africa, and the South African Institute for
Aquatic Biodiversity, Grahamstown.

HUTCHINGS, J.A. 2000. Collapse and recovery of
marine fishes. Nature 406: 882-885.

HUTCHINGS, J.A. & REYNOLDS, J.D. 2004. Marine fish
population collapses: consequences for recovery and
extinction risk. BioScience 54: 297-309.

JACKSON, J.B.C., KIRBY, M.X., BERGER, W.H.,
BJORNDAL, K.A., BOTSFORD, LW, BOURQUE,
B.J., BRADBURY,R.H., COOKE, R.,ERLANDSON, J.,
ESTES, J.A.,, HUGHES, TP, KIDWELL, S., LANGE,
C.B.,LENIHAN, H.S., PANDOLF], ].M., PETERSON,
C.H., STENECK, R.S., TEGNER, M.J. & WARNER,
R.R. 2001. Historical overfishing and the re-
cent collapse of coastal ecosystems. Science 293: 629—
637.

LASIAK, TA. 1982. Structural and functional aspects of
the surf-zone fish community in the Eastern Cape.
Ph.D. thesis, University of Port Elizabeth, Port Eliza-
beth, South Africa.

LASIAK, TA. 1984a. Structural aspects of the surf-zone
fish assemblage at King’s Beach, Algoa Bay, South
Africa: short-term fluctuations. Estuarine, Coastal and
Shelf Science 18: 347-360.

LASIAK, TA. 1984b. Structural aspects of the surf-zone
fish assemblage at King’s Beach, Algoa Bay, South
Africa: long-term fluctuations. Estuarine, Coastal and
Shelf Science 18: 459-483.

MANN, B.Q. 2000. Southern African marine linefish status
reports. Special Publication No. 7. Oceanographic
Research Institute, Durban.

MARIN JARRIN, J.R. & SHANKS, A.L. 2011.
Spatio-temporal dynamics of the surf-zone faunal
assemblages at a Southern Oregon sandy beach. Ma-
rine Ecology 32: 232-242.

MARSHALL, C.T,, KJESBU, O.S., YARAGINA, N.A,,
SOLEMDAL, P & ULLTANG, Q. 1998. Is spawner
biomass a sensitive measure of the reproductive and
recruitment potential of Northeast Arctic cod? Cana-
dian Journal of Fisheries and Aquatic Sciences 55:
1766-1783.

McLACHLAN, A. 1980. The definition of sandy beaches
in relation to exposure: a simple rating system. South
African Journal of Science 76: 137-138.

MICHELI, E & HALPERN, B.S. 2005. Low functional
redundancy in coastal marine assemblages. Ecology
Letters 8: 391-400.

PALMER, R.M., COWLEY, PD. & MANN, B.Q. 2008. A



Rishworth et al.: Fish utilization of surf-zones at King’s Beach 21

Century of Linefish Research in South Africa: Bibliography
and Review of Research Trends. South African Network
for Coastal and Oceanic Research. Occasional Report
No. 6.

ROBERTSON, Al & LENANTON, R.C.J. 1984. Fish
community structure and food chain dynamicsin the
surf-zone of sandy beaches: the role of detached
macrophyte detritus. Journal of Experimental Marine
Biology and Ecology 84: 265-283.

ROSS, S.W. & LANCASTER, J.E. 2002. Movements and
site fidelity of two juvenile fish species using surf
zone nursery habitats along the southeastern North
Carolina coast. Environmental Biology of Fishes 63:
161-172.

SCHLACHER, TA., SCHOEMAN, D.S., DUGAN, J.,
LASTRA, M., JONES, A., SCAPINI, E &
McLACHLAN, A. 2008. Sandy beach ecosystems: key
features, sampling issues, management challenges and
climate change impacts. Marine Ecology 29: 70-90.

SMITH, M.M. & HEEMSTRA, P.C. 1995. Smiths’ Sea Fishes.
Macmillan, Johannesburg, South Africa.

STRYDOM, N.A. 2003. Occurrence of larval and early
juvenile fishes in the surf zone adjacent to two inter-
mittently open estuaries, South Africa. Environmental
Biology of Fishes 66: 349-359.

STRYDOM, N.A. 2007. Jetski-based plankton towing as a
new method of sampling larval fishes in shallow
marine habitats. Environmental Biology of Fishes 78:
299-306.

STRYDOM, N.A. & D’"HOTMAN, B.D. 2005. Estuary-
dependence of larval fishes in a non-estuary associ-
ated South African surf zone: evidence for continuity
of surf assemblages. Estuarine, Coastal and Shelf Science
63: 101-108.

VAN DER ELST, R.P. & WALLACE, J.H. 1975. Identifica-
tion of the juvenile mullet of the east coast of South
Africa. Journal of Fish Biology 9: 371-374.

VAN DER MERWE, D. & McLACHLAN, A. 1987. Signifi-
cance of free-floating macrophytes in the ecology of a
sandy beach surf zone. Marine Ecology Progress Series
38: 53-63. ’

VASCONCELLOS, RM., ARAUJO, EG., DE SOUSA
SANTOS, J.N. & DE ARAUJO SILVA, M. 2010.
Short-term dynamics in fish assemblage structure on
a sheltered sandy beach in Guanabara Bay, South-
eastern Brazil. Marine Ecology 31: 506-519.

WHITFIELD, A.K. 1989. Ichthyoplankton in a southern
African surf zone: nursery area for the postlarvae of
estuarine associated fish species? Estuarine, Coastal
and Shelf Science 29: 533-547.

WORM, B., HILBORN, R., BAUM, ].K,, BRANCH, TA,,
COLLIE, J.S., COSTELLO, C., FOGARTY, M.J,,
FULTON, E.A., HUTCHINGS, J.A., JENNINGS, S,
JENSEN, O.P, LOTZE, H.K., MACE, P.M.,
McCLANAHAN, TR., MINTO, C., PALUMBI, S.R.,
PARMA, AM., RICARD, D., ROSENBERG, A.A.,
WATSON, R. & ZELLER, D. 2009. Rebuilding global
fisheries. Science 325: 578-585.

Responsible Editor: N. James



