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General Abstract

GENERAL ABSTRACT

The larval fish assemblage in the shallow, nearshore region of a proposed marine
protected area (MPA) in eastern Algoa Bay, temperate South Africa was investigated.
Current velocities and direction and the swimming abilities of late-stage larvae were
further assessed to determine potential larval movement to and from the MPA. In
total, 6045 larval fishes were collected along two depth contours (~5m and ~15m) in
the shallow nearshore of eastern Algoa Bay using stepped-oblique bongo net tows,
twice per season for two years (March 2005 - January 2007). These larvae
represented 32 families and 78 species. The Gobiidae, Cynoglossidae, Clupeidae,
Engraulidae and Sparidae were the dominant fish families. Catches varied
significantly between seasons peaking in spring with a mean of 64 larvae/100m®.
Preflexion stage larvae dominated catches (75%). All developmental stages of
Diplodus capensis, Engraulis capensis, Heteromycteris capensis, Sardinops sagax
and Pomadasys species were found in the study area. It appears that these species use
the shallow nearshore as a nursery area. Analysis of 12 months (May 2006 — May
2007) data from a bottom-moored Acoustic Doppler Current Profiler within the study
area showed that offshore south eastward (39%) and onshore north westward currents
(33%) dominated. The south westward current (15%) and north eastward current
(12%) occurred less frequently. Current velocity decreased with depth in the
nearshore, with a mean velocity of ~29 cms™ recorded at a depth of 4 m and a mean
velocity of ~11 cms™ recorded at a depth of 14 m. Understanding the dispersal and
movement of marine fish larvae in coastal habitats requires knowledge of active
swimming abilities. The critical speed and endurance swimming of late stage larvae
of two common inshore species occurring in the study area, Diplodus capensis and
Sarpa salpa (Family Sparidae), were measured in a laboratory swimming chamber.
The mean U-crit value for D. capensis (18.6 cms™) was similar to that of S. salpa
(18.0 cms™), whereas mean endurance (km swum) was greater in S. salpa (8.4 km)
than D. capensis (5.9 km). These swimming abilities exceed the average current
velocities observed in the shallow nearshore providing larvae with the ability to
greatly alter their passive dispersal trajectories and ultimately influence their

distribution in the nearshore.
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Chapter 1

CHAPTER 1

GENERAL INTRODUCTION

1. AN OVERVIEW OF MARINE LARVAL FISH RESEARCH IN SOUTH
AFRICA

1.1 Larval fish descriptions

1900 - 1970

Descriptions of marine ichthyoplankton in South Africa first began with the
pioneering work of Gilchrist in the early 1900°s with isolated annotations on the eggs
and larvae of some Cape fishes (Gilchrist, 1903; Gilchrist, 1904; Gilchrist, 1916;
Gilchrist and Hunter, 1919; Gilchrist, 1921). On the west coast of South Africa, the
larval stages of Merluccius capensis (Family: Merlucciidae), Thyrsites atun (Family:
Gempylidae) and Helicolenus dactylopterus (Family: Scorpaenidae) three
economically important fish species in South Africa, were described and their
distribution investigated between 1950 and 1967 (De Jager, 1955; Haigh, 1972).

1971 -1980

From specimens collected during a larval fish survey off the Namibian coastline
(O'Toole, 1974), the development of the larval stages of the commercially important,
Sardinops sagax (Family: Clupeidae), common in South African waters, was
described (Louw and O'Toole, 1977). A description on the development of the
anchovy, Engraulis capensis (Family: Engraulidae), an equally important commercial
species in South Africa, occurred in the late 1970’s (King et al., 1978). King et al.
(1978) observed time of hatching and size at hatching from laboratory rearing
experiments on E. capensis. The eggs and larval stages of the commercially important
west coast sole, Austroglossus microlepis (Family: Soleidae), were also described in
the late 1970’s (O'Toole, 1977). On the east coast of South Africa, information on the
identification of marine eggs and larvae, the duration of the incubation period and the
laboratory rearing of 40 marine fish species was investigated around the Cape
Peninsula (Brownell, 1979).
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1981 - 1990

The eggs and larval development of artificially spawned southern mullet, Liza
richardsonii (Family: Mugilidae) were described to an age of 46 days (Cambray and
Bok, 1989). The larval development of the important linefish sciaenid Argyrosomus
japonicus and the sparid Spondyliosoma emarginatum were described from wild
caught specimens (Beckley, 1989; Beckley, 1990).

1991 - present

The larvae from several teleost fishes were described in a comprehensive guide on
ichthyoplankton from the south east Atlantic, in the region of the Benguela Current
(Olivar and Fortufio, 1991). These included species from the orders Anguilliformes,
Aulopiformes, Batrachoidiformes, Clupeiformes, Cyprinodontiformes, Elopiformes,
Gadiformes, Gobiesociformes, Gonorynchiformes, Myctophiformes, Ophidiiformes,
Perciformes, Pleuronectiformes, Salmoniformes, Scorpaeniformes, Stomiiformes and
Zeiformes. In addition to the descriptions of the early developmental stages of species
from these orders inhabiting the Benguela region, the spawning areas and seasons
were reported. On the east coast of South Africa, in the region of the Agulhas Current,
Myctophidae larvae from the genera Benthosema, Diogenichthys, Myctophum, among
others, were described (Olivar and Beckley, 1995; Olivar et al., 1999). The larval
stages of species from the order Perciformes including Argyrozona argyrozona (Davis
and Buxton, 1996), Dichistius capensis (Leis and van der Lingen, 1997), Cheimerius
nufar (Connell et al., 1999) and Pagellus natalensis (Leis et al., 2002) and species
from the order Pleuronectiformes including Austroglossus pectoralis (Wood, 2000),
Cynoglossus zanzibarensis (Wood, 2003) and Dagetichthys marginatus (Thompson et

al., 2007) have also been described in more recent times.

1.2 Offshore assemblages

A larval fish survey was conducted by the Sea Fisheries Branch on the west coast of
South Africa in 1972 (O'Toole, 1974). The purpose of this survey was to investigate
the time of spawning and geographical limits of S. sagax (Family: Clupeidae) E.
capensis (Family: Engraulidae) and Trachurus trachurus (Family: Carangidae), as a
method of stock assessment for these commercially important pelagic species. This
survey also gathered information on the distribution, abundance and ecology of the

larval stages of Austroglossus microlepis (Family: Soleidae), Dicloglossa cuneata
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(Family: Soleidae), Sufflogobius bibarbatus (Family: Gobiidae), M. capensis (Family:
Merlucciidae) and other mesopelagic species.

Several research cruises along the east coast of South Africa were conducted by the
Sea Fisheries Branch between 1951 — 1969 to investigate the spawning of E. capensis
and S. sagax (Anders, 1975). The eggs of S. sagax collected during these surveys
were observed to coincide with the annual “Sardine Run” which occurs in June or
early July on the east coast of South Africa. This study represents the first published
ecological study on marine ichthyoplankton from the subtropical east coast of South
Africa (Anders, 1975).

During the early 1980’s the spawning and transport of E. capensis eggs and larvae via
shelf-edge frontal jet currents in the vicinity of Cape Point received much research
attention (Badenhorst and Boyd, 1980; Shelton and Hutchings, 1981; Shelton and
Hutchings, 1982; Shelton, 1984). The spawning period of the inshore blenniid,
Parablennius cornutus, and size at hatching was reported in KwaZulu-Natal (Eyberg,
1984).

The second ichthyoplankton survey on the east coast of South Africa occurred in the
region of the Agulhas Current (Beckley and Van Ballegooyen, 1992). The spatial and
temporal distributions of lanternfish and scombrid larvae were analyzed from this
ichthyoplankton survey. The greatest densities of lanternfish larvae occurred close
inshore (50 — 100 m deep) and was related to the shoreward intrusions of the Agulhas
Current surface water (Olivar and Beckley, 1994). Scombrid larvae showed distinct
spatial and temporal variation in distribution and abundance off the east coast of
South Africa and could be linked to seasonal oceanographic conditions (Beckley and
Leis, 2000).

1.3 Surf zone assemblages

The first surf zone studies in South Africa described assemblages of juvenile fishes
and found these habitats to function as nursery areas for some species of coastal fishes
(Lasiak, 1981; Lasiak, 1986; Bennett, 1989). The first larval fish study in a South
African surf zone assessed the use of this habitat as a nursery area for estuary

dependent marine fish species (Whitfield, 1989a). Only one study on larval fishes in
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the surf zone has been conducted in subtropical KwaZulu-Natal (Harris and Cyrus,
1996). Most work to date has taken place in warm temperate waters. In the temperate
surf zones of the Eastern Cape, the ichthyoplankton assemblage adjacent to the mouth
of an intermittently open estuary was investigated and the estuarine immigration of
larvae during marine overwash events was observed (Cowley et al., 2001). The
investigation into the larval and early juvenile fishes in the surf zone adjacent to two
intermittently open estuaries in temperate South Africa suggested that estuary/river
water that enters the surf zone creates an accumulation response by larvae of estuary
associated fishes (Strydom, 2003). The habitat use by larval fishes was investigated in
a temperate surf zone and it was shown that larvae actively select areas of reduced
current flow in depressions associated with dissipative beach surf zones (Watt-Pringle
and Strydom, 2003). A study of larval fishes in a non-estuary associated surf zone
provided evidence that these assemblages are linked by estuary associated larvae
occurring in surf water irrespective of proximity to estuary mouths (Strydom and
d'Hotman, 2005).

1.4 Nearshore assemblages

The first larval fish study on the composition of marine ichthyoplankton assemblages
in the shallow nearshore was conducted in the western sector of Algoa Bay in the
Eastern Cape (Beckley, 1986). Beckley (1986) discussed the various taxa occurring in
the ichthyoplankton in terms of the distribution of adults and juveniles, the breeding
biology and available literature on the early life history of these species. Low
abundances of larvae from coastal species that spawn pelagic eggs including
sciaenids, soleids and sparids occurred within the study area suggesting that spawning
and development occurs away from the nearshore region (Beckley, 1986). This was
followed by a study on the composition of larvae occurring in the Tsitsikamma
National Park on the temperate south east coast of South Africa (Tilney and Buxton,
1994; Tilney et al., 1996). This ichthyoplankton study formed part of a broader study
to investigate the role played by the Tsitsikamma National Park marine reserve in
seeding adjacent, fished areas with eggs and larvae. Recently, a jetski-based plankton
towing method was used to sample larval fishes in a shallow marine environment in
the warm temperate waters of South Africa (Strydom, 2007). Strydom (2007)
observed a size gradient in larval fishes between the surf waters and adjacent shallow

nearshore waters with larger individuals occurring in the surf.
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In sub-tropical KwaZulu-Natal, two nearshore larval fish studies have taken place
(Harris et al., 1999; Harris et al., 2001). The purpose of the first study (Harris et al.,
1999) was to describe the composition of larval fish assemblages in the St Lucia
nearshore and compare catches with those occurring in the St Lucia Estuary (Harris
and Cyrus, 1995) and adjacent surf zone (Harris and Cyrus, 1996). The second
nearshore study assessed assemblages of larval fishes along an ocean-estuarine
gradient and related these to the physical characteristics of each environment (Harris
etal., 2001).

2. RATIONALE FOR THIS STUDY

Coastal habitats such as nearshore waters and bays, surf zones and estuaries are
known to serve as important areas for the development of the early stages of many
marine fish species (Senta and Kinoshita, 1985; Beckley, 1986; Lasiak, 1986;
Boehlert and Mundy, 1988; Whitfield, 1989a; Potter et al., 1990; Raynie and Shaw,
1994; Strydom et al., 2003; Hernandez-Miranda et al., 2003). Surf zones also play an
important role as accumulation areas and transient routes for the postflexion and
settlement stages of mainly estuary associated species (Senta and Kinoshita, 1985;
Boehlert and Mundy, 1988; Whitfield, 1989a; Doherty and Mcllwain, 1996; Cowley
et al., 2001; Strydom and d'Hotman, 2005). In South Africa, many commercially and
recreationally important marine species breed at sea with the postflexion larvae and
early juveniles recruiting from nearshore and offshore spawning grounds into
estuarine nursery areas (Whitfield, 1989b; Harris and Cyrus, 1995; Harris et al., 1995;
Strydom et al., 2003), so much so that these fishes have been categorized according to
their degree of dependence on estuaries (Whitfield, 1998). At present, the occurrence,
abundance and distribution of the preflexion stages of these estuary associated marine
species is poorly understood, highlighting the lack of nearshore research in South
Africa.

In South Africa, nearshore research on larval fishes is confined to two studies
conducted in subtropical KwaZulu-Natal (Harris et al., 1999; Harris et al., 2001) and
three studies in the warm temperate Eastern Cape (Beckley, 1986; Tilney and Buxton,
1994; Strydom, 2007). International studies define the shallow nearshore as that close
to shore before the surf zone in direction to the shoreline in depths of <15 m

(Hernandez-Miranda et al., 2003; Azeiteiro et al., 2006). Internationally, research on
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shallow (<15 m) nearshore larval fishes is similarly lacking (Palomera and Olivar,
1996; Azeiteiro et al., 2006; Sabatés et al., 2007). Several studies however have
concentrated on larval fish assemblages in nearshore coastal waters over the
continental shelf where depths far exceed 15 m (Kingsford and Choat, 1989;
Tricklebank et al., 1992; Cowen et al., 1993; Chiu and Hsyu, 1994; Hutchins and
Pearce, 1994; Sponaugle et al., 2002). Studies have found that the spawning mode of
adults plays a key role in determining the composition of nearshore ichthyoplankton
communities (Leis and Miller, 1976). In South Africa, coastal species producing
benthic eggs dominate catches in the western sector of Algoa Bay (Beckley, 1986),
while on exposed coasts such as the Tsitsikamma National Park (Tilney and Buxton,
1994) and the subtropical nearshore waters of KwaZulu-Natal (Harris et al., 1999),

larvae from pelagic species spawning pelagic eggs dominate catches.

Currents are known to play an important role in determining the distribution of larval
fishes in the ocean (Leis and Goldman, 1983). However, an understanding of shallow
water current dynamics is lacking. No detailed oceanographic research on current
direction and velocity in shallow nearshore waters is available as offshore
oceanography has taken precedence (Harris, 1978; Lutjeharms et al., 1986; Goschen
and Schumann, 1988; Boyd et al., 1992; Goschen and Schumann, 1994; Boyd and
Oberholster, 1994). In Algoa Bay all past studies have been concentrated in the
western sector of the bay (CSIR, 1970; Roberts, 1990). One South African research
paper has described current dynamics in the Tsitsikamma National Park and also
included an assessment of the potential transport of squid paralarvae and
ichthyoplankton spawned within the park (Roberts and van den Berg, 2005). These
results all suggest that fish larvae and squid paralarvae are exported beyond the
boundaries of that park. Providing adjacent fished areas with larval recruits is an
important objective of Marine Protected Areas (MPAS) (Jennings, 2000; Leis, 2003).
In more recent times the importance of coastal habitats, particularly declining fish
stocks, has come to the fore. Increasing pressure to provide conservation status to

coastal resources has led to the proposal of MPAs.

Before establishing MPAs, it is essential to understand the influence of current flow
patterns in distributing larval fishes to adjacent fished areas. The present study will

provide more information on current direction and velocity occurring in a proposed
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new MPA in the eastern sector of Algoa Bay which will be used to describe possible
dispersal and movement of eggs and larval fishes within the area. The extent of
dispersal has important implications on the design of MPAs in terms of size and

location as the geographical extent of populations is linked to the larval phase.

International research has shown that the behaviour of larval fishes influences
dispersal beyond that which is predicted by local current regimes (Armsworth et al.,
2001, Leis, 2006). Therefore the size at which larvae exhibit active swimming and the
magnitude of this swimming ability needs to be assessed in order to determine how
susceptible larvae are to passive transport by local current regimes. Studies on the
swimming abilities of larval fishes have shown that most larvae are strong swimmers,
capable of swimming speeds greater than that observed in local current regimes (Leis
and Stobutzki, 1999; Dudley et al., 2000; Fisher and Bellwood, 2002; Fisher and
Bellwood, 2003; Fisher, 2005; Leis et al., 2006). These swimming abilities allow
larvae to actively influence their trajectories and can therefore regulate their
horizontal and vertical distribution in the water column. No previous studies have
assessed larval fish swimming abilities in South Africa. This study represents the first
assessment of the swimming abilities of two species of late-stage Sparidae larvae,
which have important recreational fishing value. This study will provide invaluable
insight into how susceptible larvae are to local currents in Algoa Bay and should lead
the way for future studies on the influence of larval behaviour on dispersal and
movement. A better understanding of the behavioural abilities of larvae will allow for
more realistic models of larval dispersal to be generated (Stobutzki, 2001).
Determining the influence of larval fish behaviour on dispersal and population
connectivity is a relatively new field of research (Bellwood et al., 1998), and has not
been attempted in South Africa. Knowledge of the scale of dispersal of eggs and
larvae of fishes requiring conservation, will allow for the correct location and size of

MPAs to be determined within specific coastal regions of the country.

Given the lack of nearshore research both on larval fishes and shallow current
dynamics, the proposal of a new MPA in the eastern sector of Algoa Bay provided the
ideal opportunity to generate new information on species composition, seasonality,
distribution and abundance as well as the potential effect of currents on eggs and

larvae in the area. As international research has shown that behaviour of larval fishes
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plays an important role in determining dispersal trajectories, the swimming abilities of
late-stage larvae of two common inshore South African species were studied in order

to evaluate their susceptibility to dispersal via local current flow through the MPA.

3. OBJECTIVES AND AIMS

The objective of this research was to conduct a two-year study on the larval fish
assemblage in the shallow nearshore of the proposed Greater Addo Marine Reserve
(GAMR) in the eastern sector of Algoa Bay in order to provide more information on
larval fish dynamics in the nearshore and to put this information into perspective with
what is known about larval fishes occurring in adjacent surf zones and estuaries. In
addition, shallow water currents were measured to further understand the direction
and velocity of water flow in the larval environment. Assessments on the swimming
abilities of two common inshore linefish species were also made in order to comment
on potential dispersal and movement in the study area relative to current flow
patterns.

The aims of the present study were to determine the:

e Composition, distribution, abundance, seasonality and developmental stages of
larval fishes occurring along two different depth contours in the shallow
nearshore region of the proposed GAMR (Chapter 2)

e Shallow water current flow patterns in the nearshore of the proposed GAMR
(Chapter 3)

e Swimming abilities of late stage Sparidae larvae belonging to two common
inshore species, Diplodus capensis and Sarpa salpa occurring in the shallow
nearshore region of the GAMR (Chapter 4).
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CHAPTER 2
COMPOSITION, ABUNDANCE, DISTRIBUTION AND SEASONALITY
OF LARVAL FISHES IN THE SHALLOW NEARSHORE OF THE
PROPOSED GREATER ADDO MARINE RESERVE,
ALGOA BAY, SOUTH AFRICA

1. SYNOPSIS

The larval fish assemblage was investigated in the shallow, nearshore region of a
proposed marine protected area in eastern Algoa Bay, temperate South Africa, prior to
proclamation. Sampling was conducted at six sites along two different depth contours
at ~5 and ~15 m to assess shore association. Larvae were collected by means of
stepped oblique bongo net tows deployed off a ski boat, twice per season for two
years between 2005 and 2007. In total, 6045 larval fishes were collected representing
32 families and 78 species. The Gobiidae, Cynoglossidae, Clupeidae, Engraulidae and
Sparidae were the dominant fish families. Catches varied significantly between
seasons peaking in spring with a mean of ~200 larvae/100m’. Mean overall larval
density was higher along the deeper contour, at ~15 m (40 larvae/ 100m’). The
preflexion stage of development dominated catches at the ~5 m (80 %) and ~15 m (73
%) depth contours. Body lengths of Argyrosomus thorpei, Caffrogobius gilchristi,
Diplodus capensis, Heteromycteris capensis and Solea turbynei, all estuary associated
species, were larger at the shallow sites nearer shore. Larvae of coastal species that
produce benthic eggs dominated catches (75 %) in the shallow sites (~5 m) but were
less abundant (32 %) further from shore at the deeper (~15 m) sites. All
developmental stages of Diplodus capensis, Engraulis capensis, Heteromycteris
capensis, Sardinops sagax and two Pomadasys species were found in the study area.

It appears that some species use the shallow nearshore as a nursery area.

2. INTRODUCTION

Marine research in the shallow nearshore along the South African coast is limited and
the use of this habitat by larval fishes is poorly understood. Many marine fish species
will spawn in or near coastal habitats such as bays and estuaries to provide the early
life stages with a favourable habitat for development (Potter et al., 1990; Chute and
Turner, 2001; Strydom et al., 2003). Coastal habitats such as estuaries (Elliott et al.,
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1990; Whitfield, 1998; Strydom et al., 2003) and surf zones (Senta and Kinoshita,
1985; Boehlert and Mundy, 1988; Whitfield, 1989; Doherty and Mcllwain, 1996) are
well known to be important nursery areas for both larval and juvenile stages of marine
species. In South Africa, temperate surf zones less than 2 m deep are dominated by
the postflexion stages of marine fishes that utilize estuaries as nurseries (Strydom,
2003; Strydom and d'Hotman, 2005). These larvae are derived from marine spawned
eggs that emanate from both inshore and offshore spawning grounds (Whitfield, 1989;
Harris and Cyrus, 1996; Strydom, 2003). Despite the fairly well studied estuaries and
surf zones of temperate South Africa, few nearshore studies exist to understand the
links between offshore spawning and coastal nurseries. To date, only two nearshore
larval fish studies have been conducted in the subtropical waters of KwaZulu-Natal
(Harris and Cyrus, 1996; Harris et al., 1999) and three studies in the warm temperate
waters of the Eastern Cape (Beckley, 1986; Tilney and Buxton, 1994; Strydom,
2007).

The close proximity of the slope waters to the continental shelf and the major
influence of the Agulhas Current on the nearshore, largely determines the composition
of larval fishes within the nearshore waters of subtropical KwaZulu-Natal (Harris et
al., 1999). Mesopelagic and shelf species that spawn at sea and are completely
independent of estuaries, including myctophids and tripterygiids, dominate nearshore
ichthyoplankton catches in this region (Harris et al., 1999). Further south however, in
the warm temperate Eastern Cape, the Agulhas Current is not a driving force, as the
continental shelf widens considerably south of the Fish River (33°29°53°’S,
27°08’00°E) and the current diverges from the coastline. Past studies indicated that
larvae of pelagic and inshore reef fish dominate nearshore catches in this region
(Beckley, 1986; Tilney and Buxton, 1994). The proximity of reefs, and other coastal
nurseries such as estuaries, can also influence the composition of nearshore larval fish

assemblages along the Eastern Cape coast (Beckley, 1986; Tilney and Buxton, 1994).

International research on the composition of larval fishes in the shallow nearshore is
similarly lacking. In the shallow (~10 m) nearshore waters off North Western Iberia
(NE Atlantic), larval fish assemblages are regulated by both abiotic and biotic
characteristics (Azeiteiro et al., 2006). Other studies beyond the 15 m depth contour in

nearshore coastal waters highlight the complex composition and distribution patterns
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of larval assemblages (Young et al., 1986; Kingsford and Choat, 1989; Gray, 1996).
Not only does oceanography play a major role in determining larval fish assemblages
but the spawning mode of adults, the duration of the pelagic larval stage and larval
behaviour contribute significantly to the spatial and temporal patterns of nearshore
larval fish assemblages (Leis, 1991). It is highly likely that with more research in
South Africa, a similar pattern will emerge where nearshore assemblages of larval

fishes are driven by a suite of local environmental and biological factors.

Worldwide, fish stocks are on the decline from overfishing (Svedédng and Bardon,
2003; Myers and Worm, 2003; Lotze, 2007). Marine Protected Areas (MPAs) serve as
a vital tool for the management and conservation of fish populations by allowing
depleted stocks to recover and furthermore by providing adjacent fished areas with
larval recruits (Jennings, 2000; Leis, 2003). A new MPA is proposed for the eastern
sector of Algoa Bay. No previous research has been conducted on larval fishes in this
area of the bay. Studying shallow nearshore larval fish dynamics is the first step
required to link this habitat to coastal nursery areas, particularly estuaries and surf

Zones.

The purpose of this part of the study was two-fold. Firstly to assess the composition,
abundance, distribution, seasonality and developmental stages of larval fishes within
the shallow nearshore zone of the proposed MPA. Secondly, to assess the occurrence
of larvae along two different depth contours adjacent to the surf zone, namely ~5 and
~15 m. This work will provide more information on temporal and spatial variation in
larval fish occurrence in shallow water within the proposed MPA and provide a
comparative base for research once the reserve is promulgated and adult populations

are re-established.

3. MATERIALS AND METHODS

3.1 Study site

Algoa Bay (Fig. 2.1), on the south east coast of South Africa, is a wide (~80 km),
eastward-facing bay with depths not exceeding 70 meters (Harris, 1978). The climate
of this region is classified as warm-temperate with peaks in rainfall occurring in
autumn and spring (Whitfield, 1998). The Agulhas Current flows along the edge of

the continental shelf in a south-westward direction approximately 80 kms offshore of

18



Chapter 2

Algoa Bay (Lutjeharms, 1981). Occasionally, subtropical waters from the current will
enter the bay (Schumann, 1987). South-westerly winds dominate across the bay
throughout the year with the frequency of easterly winds increasing in summer
(Schumann and Martin, 1991). These easterly winds are responsible for upwelling
which occurs at Cape Recife to the west, with this colder water (by about 8 °C)
subsequently moving westwards (Schumann et al., 1988). Westerly winds can
however bring this colder upwelled water into the bay (Goschen and Schumann,
1995). Upwelling is further generated in the bottom boundary layer of the Agulhas
Current at Cape Padrone in the east, with cold water penetrating into Algoa Bay
(Schumann et al., 1988). Temperatures in the bay range between ~11 °C in winter to
~27 °C in summer (Beckley, 1983a; Beckley, 1988). Intense thermoclines are
established in summer in the deeper sections of the bay with isothermal conditions
occurring in winter. Salinity within the bay is stable, with an average of about 35.2, as

freshwater inflow from rivers is limited (Schumann, 1998; Schumann et al., 2005).

Larval fishes were sampled at six sites within the proposed Greater Addo Marine
Reserve between Woody Cape (33°46°71°°S, 26°20°28°°E) and Sundays Estuary
(33°44°21°°S, 25°51°56”E) in the eastern sector of the bay (Fig. 2.1). Three sites were
situated on the ~15 m depth contour and three sites behind the surf backline at a depth
of ~5 m. For the purposes of this study, sites on the ~5 m depth contour will be

defined as shallow and sites along the ~15 m depth contour will be defined as deep.
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Figure 2.1: The geographical position of Algoa Bay, on the south east coast of South
Africa, showing the location of the six sampling sites

3.2 Field sampling and larval identification

Collection of larval fishes took place by sampling two consecutive months per season
(March and April are autumn months, June and July are winter months, September
and October are spring months, December and January are summer months), for a
period of two years. Consecutive months represent replicates in a season. Discrete
seasonal sampling was conducted in order to assess seasonal trends occurring in the
ichthyoplankton. The seasonal sampling protocol adopted in the present study is
observed in similar studies (Schafer et al., 2002; Mercado et al., 2007). In total, 16
sampling trips took place between March 2005 and January 2007. At each site, larvae

were collected by means of ski-boat based plankton tows using a set of bongo nets.
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Each net was 3.5 m long, with a mouth diameter of 0.75 m, and a mesh aperture size
of 500 pm. A General Oceanics flowmeter was suspended from the frame across the
mouth of each net to quantify the volume of water sampled. The mean (+ standard
deviation) volume sampled by each net in this study was 170 (£ 43) m’/tow. The
bongo nets were pulled parallel to the shore using a stepped oblique tow at a speed of
~2 knots. Bottom, mid and subsurface waters were sampled for 2 mins each and
excluded hauling. Each tow lasted ~8 mins. Biological samples were fixed on site in
10 % formalin in seawater. Temperature, salinity and turbidity were measured at each
site using a YSI 6600 multi-parameter meter. Recordings were made at the surface,

middle and bottom of the water column.

In the laboratory, larval fishes were removed, identified, counted and measured.
Species were identified to the lowest possible taxon (Moser et al., 1984; Okiyama,
1988; Olivar and Fortufio, 1991; Leis, 1991; Smith and Heemstra, 1995; Neira et al.,
1998; Leis and Carson-Ewart, 2000; Richards, 2005). Larvae that were positively
identified in this study were grouped into estuary associated categories (Whitfield,
1998) in order to assess similarity of catch to estuaries and surf zone assemblages.
Estuary-resident species belong to category I, estuary-dependent species belong to
category II and marine species that are independent of estuaries belong to category I11
(Table 2.1). All larval fish terminology follows that described in Niera et al. (1998).
“Larva” is a term used to describe all the stages in the early life history from hatching
to attainment of a full fin ray complement, squamation, and the consequent loss of all
larval characteristics (Neira et al., 1998). It is at this stage that the larva becomes a
juvenile. Early juveniles were included in the study if caught. The “larva” was further
divided into yolk-sac, preflexion, flexion and postflexion stages. Notochord length in
preflexion and flexion larvae and standard length in postflexion larvae and early
juveniles were measured to the nearest 0.1 mm and were referred to as body length
(BL) in this work. The remaining zooplankton in each sample was placed into a
measuring cylinder and allowed to settle for 15 — 20 minutes and a settled volume
estimate of zooplankton was recorded in millilitres.

Density of larval fishes, and similarly zooplankton, was calculated using the formula:

No. of larvae or mL of zooplankton per haul
(flow meter revolutions + calibration value in m?)

Density = x 100
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Table 2.1: Categories of fishes that utilise southern African estuaries (Whitfield,

1998)

Categories Description of categories

Ib Estuarine species that breed only in estuaries

Ib Estuarine species that breed in estuaries and the marine environment

Ila Euryhaline marine species that usually breed at sea, but the juveniles are
dependent on estuaries as nursery areas

IIb Euryhaline marine species that usually breed at sea, with the juveniles
occurring in estuaries but also being found at sea

Ilc Euryhaline marine species that usually breed at sea, with the juveniles
occurring in estuaries but being more abundant at sea

III Marine stragglers not dependent on estuaries

v Freshwater species

\Y Catadromous species

3.3 Data analyses

3.3.1 Environmental variability

Physical and biological data were tested for normality and homogeneity of variance
using a normal probability plot, Shapiro-Wilk test and Levene’s test using the
STATISTICA software package version, 7.1, 2005. Appropriate transformations
(square-root and log) were also used. Data did not conform to parametric test

assumptions and non-parametric tests were used.

3.3.2 Seasonal trends in fish density and diversity

A Kruskal-Wallis test was used to assess differences in physical and biological data
between seasons. Diversity indices (Margalef’s species richness and Shannon-Wiener
diversity) were calculated to one decimal point using the PRIMER statistical software

package (Clarke and Warwick, 1994), and compared separately between seasons.

3.3.3 Spatial trends in fish density and diversity

Differences in temperature, salinity, turbidity, plankton and larval fish density
between depth contours in the nearshore (~5 m vs. ~15 m) were assessed using a
Mann-Whitney U-test. A Kruskal-Wallis test was used to assess differences in
physical and biological data between sampling sites alongshore within the study area.
Diversity indices (Margalef’s species richness and Shannon-Wiener diversity) were
calculated to one decimal point using the PRIMER statistical software package
(Clarke and Warwick, 1994), and compared separately between the two different

depth contours in the study area.
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3.3.4 Body Length

In South Africa, larvae tend to be larger in the surf zone than in the adjacent shallow
nearshore (Harris et al., 2001; Strydom, 2007). A one-tailed t-test was used to
determine whether the mean body lengths of dominant (n > 30) larvae at the ~5 m
depth contour were significantly larger than mean body lengths of dominant (n > 30)
larvae at the ~15 m depth contour. Length data were tested for normality and
homogeneity of variance using a normal probability plot, Shapiro-Wilk test and

Levene’s test using the STATISTICA software package version, 7.1, 2005.

3.3.5 Environmental correlation and community analysis

Patterns between environmental variables and larval fish densities were examined
with Principal Component Analysis using the PRIMER statistical software package
(Clarke and Warwick, 1994). Physical and biological data were log transformed
(log(x+0.1)) to remove bias from fish larvae of a few species with high densities.
Eigenvalues and eigenvectors were extracted from a correlation matrix. Spearman’s
rank order correlation was used to determine whether physical variables displayed any
significant relationship with fish density. Community analysis was conduced using the
PRIMER statistical software package (Clarke and Warwick, 1994). Species data were
square-root transformed or transformed based on species presence or absence prior to
analysis and a Bray-Curtis similarity matrix was generated for seasons, depth contours
and stations alongshore (i.e. between Woody Cape and Sundays River). Clusters in a
dendrogram format were assessed using group average hierarchical sorting, and
ANOSIM was used to detect differences between groups in each analysis. The
SIMPER routine was applied to determine the relative contribution of key species to

the similarity or difference between seasons, depth contours and stations alongshore.

4. RESULTS

4.1 Environmental variability

A significant difference in temperature (H = 64.2; n = 96; P = 0.0001), salinity (H =
21.2; n=96; P =0.0001) and turbidity (H = 9.5; n = 96; P = 0.023) occurred between
the seasons during the study period (Fig. 2.2). Mean water temperature ranged from
21.6 °C in summer to 15.8 °C in winter. Mean salinity ranged from 35.6 in autumn to
33.9 in winter and mean turbidity ranged from 22.9 NTU in spring to 0.7 NTU in

summer. Similarly, mean zooplankton density fluctuated significantly (H = 12.2; n =
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96; P = 0.006) between seasons (Fig. 2.2) peaking in autumn (1469.0 mL/100m’) and

decreasing in summer (24.0 mL/100m?).

No significant difference in temperature, salinity, turbidity or zooplankton density
was observed alongshore, i.e. between Woody Cape and the Sundays Estuary.
Similarly, no significant difference in these environmental variables or zooplankton

density was observed between the ~5 m and ~15 m depth contours.
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Figure 2.2: Mean and range (maximum and minimum) of environmental variables

and zooplankton density recorded seasonally at each site alongshore i.e.
between Woody Cape and the Sundays Estuary and at the two depth
contours (i.e. ~5 and ~15 m) within the shallow nearshore during the
study (2005 — 2007). Values include all samples in a given season over
both years for each sampling depth contour (n =4)
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4.2 Species composition and estuary association

A total of 6045 larval fishes were caught, comprising 32 fish families and 78 species
(Table 2.2). The study area was dominated by the larvae of 10 fish families. The
Gobiidae was the dominant family and made a 49 % contribution to the total catch.
The Cynoglossidae, Engraulidae and Clupeidae each contributed 8 % to the total
catch. The Sparidae contributed 7 % to the total catch. The Blenniidae and Soleidae
contributed 5 % and 4 % to the total catch respectively. Sciaenidae contributed 3 % to
the catch while the Tripterygiidae and Kyphosidae contributed 2 % and 1 %

respectively. All other fish family contributions were each less than 1 % to the catch.

Marine species (category III), not dependent on estuaries, dominated the nearshore
larval fish assemblage (37 %) during the study period (Table 2.2). Estuary-resident
species (category 1) (10 %) and estuary associated marine species (category 1) (7 %)
made smaller contributions to the overall larval fish catch. Only one catadromous
species, Myxus capensis, was encountered during the study period. Unidentified

species contributed 46 % towards the catch.

4.3 Seasonal trends in fish density and diversity

The density of larval fishes varied significantly (H = 5.2, n = 96 P = 0.04) between
seasons (Fig. 2.3). The highest mean density of larval fishes was recorded in spring
(199 larvae/100m?®) and ranged from 1 to 717 larvae/100m?. Lowest mean density (7
larvae/100m®) occurred in summer and ranged from 4 to 76 larvae/100m’. Mean
density varied little between autumn (29 larvae/100m* and ranged from 1 to 267

larvae/100 m?) and winter (25 larvae/100m? and ranged from 1 to 128 larvae/100 m?).

The dominant species (> 1%) including Argyrosomus thorpei, Cremnochorites
capensis, Cynoglossus capensis, Engraulis capensis, Gobiid 3, Gobiid 4,
Heteromycteris capensis, Sardinops sagax, Solea turbynei, Sparid 1 and
Spondyliosoma emarginatum all showed peaks in density during spring or summer
(Table 2.2). There were however dominant species including Blenniid 4, Diplodus

capensis and Kyphosid 1 where peaks in density were observed during winter.
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Table 2.2: Species composition, mean density (range) at each depth contour (~5 vs. ~15 m), total catch, mean body length (range),
developmental stage, estuary association and season of greatest density of larval fishes caught in the shallow nearshore of Algoa

Bay. Pr = preflexion, F = flexion, Po = postflexion, Ej = early juvenile. Dominant developmental stages bolded

Family Species Mean Density (Range) Total Catch Mean Body Developmental Estuary Season
(No/100m?) Length (Range) Stage association
~5m ~15 m No. % (mm)
Atherinidae Atherinid 1 0.01 (0-0.7) 0 1 <1 7.9 F ? Summer
Blenniidae Blenniid 1 0.1 (0-4.5) 0.01 (0-0.6) 15 <1 2523-29) Pr, F ? Summer
Blenniid 2 02(0-1.9) 0.1 (0-1.8) 33 <1 2.9(1.4-8.0) Pr, F ? Spring
Blenniid 3 0.09 (0-1.3) 0.05(0-0.7) 12 <1 2.6 (1.6 —6.3) Pr, F ? Winter
Blenniid 4 1.2(0-39.4) 0.8(0-28.1) 146 24 6.1 (3.2-13.5) Pr,F,Po ? Winter
Omobranchus woodi 0.3(0-8.7) 0.1 (0-1.3) 43 <1 4.12.3-74) Pr, F Ia Summer
Parablennius pilicornis 0.06 (0-0.7) 0.2(0-2.1) 28 <1 33(24-17.9) Pr,F I Summer
Callionymidae Callionymis marlyi 0.04 (0-0.7) 0.04 (0-0.8) 6 <1 24(1.6-3.1) Pr I Winter
Carangidae Carangid 1 0 0.05(0-2.5) 4 <1 3.0(2.5-3.6) Pr 111? Summer
Trachurus capensis 0 0.01 (0-0.8) 1 <1 4.2 Pr 1T Winter
Cheilodactylidae Cheilodactylid 1 0.06 (0-1.2) 0.09 (0-2.7) 12 <1 29(2.3-3.4) Pr 111? Winter
Clinidae Clinus superciliousus 0.02 (0-0.5) 0.01 (0-0.4) 3 <1 10.6 (8.5-14.4) Po Ib Winter
Clupeidae Etrumeus whiteheadi 0.1 (0-2.7) 0.1 (0-3.0) 19 <1 10.6 (5.6 —14.6) Pr, F,Po 1 Spring
Sardinops sagax 0.6 (0-8.0) 4.7(0-354) 451 7.4 6.2(2.1-17.7)  Pr,F,Po 1 Summer
Cynoglossidae Cynoglossus capensis 0.2(0-8.4) 33(0-126.6) 281 4.6 3.1(1.9-5.6) Pr, F 111 Spring
Cynoglossus zanzibarensis 0.3(0-5.8) 2.5(0-76.8) 229 3.7 3.8(1.5-8.0) Pr 111 Autumn
Engraulidae Engraulis capensis 1.8 (0-21.8) 53(0-82.4) 476 7.8 48((2.1-19.5) Pr,F, Po 111 Spring
Gadidae Gaidropsarus capensis 0.03(0-1.3) 0.1 (0-2.7) 12 <1 1.8 (1.2-2.1) Pr I Winter
Merluccius paradoxus 0.01 (0-0.6) 0 1 <1 3.0 Pr I Winter
Gobiesocidae Apletodon pellagrini 0 0.04 (0-2.0) 2 <1 15.6 (11.3-19.8) Ej I Autumn
Chorisochismus dentex 0.02 (0-0.5) 0.01 (0 -0.6) 3 <1 392.9-47) Pr 1T Winter
Diplogaster megalops 0.05(0-1.2) 0.5(0-5.8) 36 <1 3.1 (2.0-5.3) Pr,F I Spring
Eckloniaichtys scylliorhiniceps 0.04 (0-0.9) 0.1 (0-6.8) 18 <1 3.72.0-5.4) Pr, F, Po 1T Spring
Lepadicthys sp 1 0.009 (0-0.4) 0 1 <1 3.2 Pr 111? Winter
Gobiidae Caffrogobius gilchristi 03(0-5.1) 0.7(0-11.5) 87 1.4 2.7(1.5-4.5) Pr, F Ib Autumn
Caffrogobius nudiceps 2.0 (0—83.8) 3.3(0-57.6) 436 7.2 33(1.6-6.2) Pr, F, Po Ib Autumn
Caffrogobius species 1 0.008(0-0.4) 0.05(0-1.9) 3 <1 2.6 (2.0-2.9) Pr Ib? Autumn
Gobiid 1 03(0-72) 0.2(0-9.6) 34 <1 2.9(2.0-4.0) Pr, F ? Autumn
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Family Species Mean Density (Range) Total Catch Mean Body Developmental Estuary Season
(No/100m?) Length (Range) Stage association
~5m ~15 m No. % (mm)
Gobiid 2 1.2(0-222) 29(0-107.7) 320 52 3.6(1.9-8.1) Pr, F, Po ? Autumn
Gobiid 3 1.9 (0-51.1) 1.8 (0-47.9) 341 5.6 3.8(2.2-8.6) Pr, F, Po ? Spring
Gobiid 4 13.9(0-650.0) 1.1(0-29.0) 1745 28.8 7.1(3.0-16.0) Pr,F, Po ? Spring
Psammogobius knysnaensis 0.1(0-2.9) 0.04 (0-1.9) 11 <1 4.1(2.2-6.0) Pr, F Ib Summer
Redigobius dewaali 0.008 (0—-0.4) 0.01(0-0.5) 2 <1 3.0(2.6-3.5) Pr Ib Summer
Haemulidae Pomadasys sp 1 0.02(0-0.7) 0.2(0-3.7) 25 <1 5.1(2.5-11.0) Pr,F, Po ITa? Autumn
Pomadasys sp 2 0.03 (0-0.6) 0.2(0-4.2) 22 <1 3.7(2.1-17.2) Pr, F, Po ITa? Summer
Kyphosidae Kyphosid 1 0.2(0-8.3) 0.6 (0-11.3) 66 1.0 2.7(2.1-4.1) Pr 111? Winter
Leiognathidae Leiognathid 1 0 0.01 (0-0.4) 1 <1 32 F I1? Autumn
Lophiidae Lophid 1 0.01 (0-0.5) 0 1 <1 3.1 F 1I? Winter
Macroramphosidae ~ Macroramphosus scolopax 0.01 (0-0.7) 0 1 <1 43 Pr I Winter
Monodactylidae Monodactylus falciformis 0.1 (0-1.4) 0.01 (0-0.6) 14 <1 5.03.7-5.7) F Ila Summer
Mullidae Mullid 1 0.01 (0-0.6) 0 1 <1 4.0 Pr 111? Autumn
Mullid 2 0.01 (0-0.7) 0 1 <1 3.5 Pr 111? Winter
Mugilidae Mpyxus capensis 0.01(0-0.8) 0 1 <1 5.7 F \Y% Summer
Myctophidae Myctophid 1 0.01 (0-0.7) 0 1 <1 3.8 Pr 11? Winter
Nomeidae Nomeid 1 0.02 (0-1.0) 0.03(0-1.2) 5 <1 2.0(1.9-2.2) Pr 111? Autumn
Scaridae Scarid 1 0.01 (0-0.8) 0.01 (0-0.8) 3 <1 8.2 (8-8.7) Po 1I? Winter
Sciaenidae Argyrosomus japonicus 0.3(0-17.6) 0.3(0-8.6) 56 <1 4.1(1.8-6.0) Pr, F Ila Spring
Argyrosomus thorpei 0.4 (0-6.0) 1.3 (0-26.8) 147 2.4 23(1.2-84) Pr, F 1T Spring
Umbrina canariensis 0 0.08 (0-1.7) 7 <1 3.8(2.8-5.4) Pr,F 1T Summer
Scorpaenidae Scorpaenid 1 0.04 (0-2.2) 0.2 (0-8.4) 22 <1 2.6 (1.8 -3.5) Pr 111? Spring
Sillaginidae Sillago silhama 0.04 (0-0.7) 0.01 (0-0.5) 4 <1 4.3 (2.7-5.8) Pr, F Ilc Winter
Soleidae Heteromycteris capensis 0.3(0-7.2) 1.6 (0—38.1) 153 2.5 2.9(1.2-7.8) Pr, F, Po 1Ib Spring
Solea fulvomarginatum 0.02 (0-0.5) 0.02 (0-0.5) 4 <1 3.6(3.2-4.0) Pr, F I Spring
Solea turbynei 0.6 (0—8.7) 0.4 (0-3.6) 97 1.6 34 (1.2-4.5) Pr, F, Po b Summer
Sparidae Acanthopagrus berda 0.08 (0-0.7) 0.1(0-2.1) 16 <1 43(3.2-6.3) Pr,F Ila Winter
Diplodus capensis 0.3(0-2.7) 0.5(0-10.0) 75 1.2 542.5-9.9) Pr, F, Po Ilc Winter
Diplodus cervinus 0.03 (0-0.6) 0.04 (0-1.3) 6 <1 542.3-17.6) Pr, F, Po 1T Winter
Gymnocrotaphus curvidens 0.01 (0-0.5) 0 1 <1 5.5 F 1 Winter
Pachymetopon aeneum 0 0.07 (0-0.6) 6 <1 44(3.0-52) Pr, F 1 Winter
Sparidae Pagellus natalensis 0 0.02 (0-1.2) 2 <1 4.4(4.0-4.8) Pr 111 Winter
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Family Species Mean Density (Range) Total Catch Mean Body Developmental Estuary Season
(No/100m?) Length (Range) Stage association
~5m ~15 m No. % (mm)
Rhabdosargus holubi 0.02 (0-0.7) 0 2 <1 9.1(8.6-9.5) F, Po Ila Spring
Rhabdosargus sarba 0.02 (0-1.0) 0.1(0-4.4) 5 <1 7.7 (6.5-9.0) F 1Ib Summer
Sparid 1 0.3(0-7.0) 0.9 (0-14.8) 97 1.6 2.7(1.4-4.0) Pr, F ? Spring
Sparid 2 0 0.02 (0-0.8) 2 <1 44 (43-45) Pr ? Winter
Sparid 3 0.03 (0-0.7) 0.04 (0-0.7) 6 <1 4.6 (3.8-5.1) Pr, F ? Winter
Sparid 4 0 0.02 (0-0.5) 2 <1 4.7 (4.6 -4.8) F ? Winter
Spondyliosoma emarginatum 0.1 (0-2.1) 2.3(0-25.3) 223 3.6 2.7(1.2-72) Pr,F I Summer
Syngnathidae Nannocampus elegans 0.01 (0-0.6) 0 1 <1 19.2 Po I Autumn
Sygnathus acus 0.02(0-0.7) 0 <1 16.3(152-173) Po Ib Autumn
Tetradontidae Tetradontid 1 0.08 (0-0.6) 0.02 (0-0.5) 11 <1 4.1 (2.2-8.6) Pr, Po 1? Spring
Trigilidae Triglid 1 0.09 (0—-4.1) 0.1 (0-5.3) 21 <1 3.0(2.5-3.5) Pr I? Winter
Tripterygiidae Cremnochorites capensis 0.2(0-2.2) 0.9 (0-15.6) 103 1.7 573.6-11.0) Pr,F, Po I Summer
Unidentified Species 1 0.02 (0-0.6) 0 2 <1 2.1(2.0-2.2) Pr ? Autumn
Unidentified Species 2 0.01 (0-0.6) 0 1 <1 1.8 Yo ? Autumn
Unidentified Species 3 0 0.02(0-1.1) 1 <1 6.5 F ? Autumn
Unidentified Species 4 0 0.01 (0-0.8) 1 <1 9.3 F ? Winter
Unidentified Species 5 0 0.01 (0-0.8) 1 <1 2.7 Pr ? Winter
Unidentified Species 6 0.01 (0-0.8) 0.1 (0-5.3) 10 <1 2.3(2.0-2.9) Pr ? Spring
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Figure 2.3: Mean and range (maximum and minimum) of larval fish density recorded
seasonally at each site alongshore i.e. between Woody Cape and the
Sundays Estuary and at the two depth contours (i.e. ~5 and ~15 m) within
the shallow nearshore during the study (2005 — 2007). Note variable
vertical scales. Values include all samples in a given season over both

years for each sampling depth (n = 4)
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Species richness (d) of 21.4 and species diversity (H’) of 3.0 was obtained for the
eastern sector of Algoa Bay. Species diversity peaked in summer (d = 12.4, H* = 2.9),
decreased slightly in spring (d = 14.8, H* = 2.8) and in autumn (d = 16.4, H* = 2.5),

while lowest diversity was recorded in winter (d = 10.7, H* = 1.7).

4.4 Spatial trends in fish density and diversity

Although no significant difference in overall larval fish density occurred alongshore,
1.e. between Woody Cape and the Sundays Estuary, a significant difference in the
densities of some dominant species, namely Argyrosomus thorpei (H=6.9; n = 96; P
= 0.03), gobiid 2 (H = 7.1; n = 96; P = 0.03) and gobiid 4 (H = 11.1; n = 96; P =
0.003) occurred alongshore with greatest mean densities observed off the Sundays
Estuary mouth. Similarly a significant difference (H = 6.2; n = 96; P = 0.04) in the
density of Etrumeus whiteheadi occurred alongshore, with the highest mean density of

this species recorded at the centre of the study area.

A significant difference (Z = 3.2; n = 96; P = 0.001) in overall larval fish density was
observed between the two different depth contours sampled. Overall, mean larval fish
densities were higher on the deeper ~15 m depth contour (40 larvae/100m?) than the
shallower contour just behind the surf zone (30 larvae/100m?). Similarly, species
diversity was greatest at the deeper sites on the ~15 m depth contour (d =16.8, H’ =
3.1) when compared to the shallower sites just behind the surf zone (d = 19.4, H’ =
2.4). Larval fish density ranged from 1 — 717 larvae/100m? just behind the surf zone
(~5 m) and from 1 — 292 larvae/100 m® at the ~15m depth contour. Similarly, a
significant difference in densities of Caffrogobius nudiceps (Z = 2.6; n = 96; P =
0.003), Cynoglossus zanzibarensis (Z = 2.4; n = 96; P = 0.01), Heteromycteris
capensis (Z = 2.6; n = 96; P = 0.009), Sardinops sagax (Z = 3.1; n = 96; P = 0.002),
sparid 1 (Z =2.4; n = 96; P = 0.01), and Spondyliosoma emarginatum (Z = 2.5; n =
96; P = 0.01) occurred between the two different depth contours sampled, with mean

densities greatest on the deeper (~15 m) contour.

In the present study, the number of larvae from coastal species that produce benthic
eggs dominated catches (75 %) in the shallow sites. Larvae of these species were less
abundant (32 %) further from shore at the deeper (~15 m) sites. Larvae of coastal

species that produce pelagic eggs made a total contribution of 10 % towards larval
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fish catches in the shallower sites (~5 m) but in the deeper sites (~15 m) contributed
22 9% to the catch. Larvae of pelagic species that produce pelagic eggs contributed just
9 % towards the catch in the shallower sites (~5 m) but contributed 26 % towards the
catch in the deeper sites (~15 m). Unidentified species contributed 6 % and 20 %

towards the catch in the ~5 m and ~15 m sites respectively.

4.5 Developmental stage

Preflexion larvae comprised over 75 % of the catch in the shallow nearshore. This
developmental stage dominated catches across all sites and both depth contours
sampled. Preflexion larvae contributed 73 % towards the total catch at the shallower
sites (~5 m) and 79 % at the deeper sites (~15 m). Larvae in the flexion stage of
development contributed 20 % towards the total catch in the shallower sites and 17 %
in the deeper sites. Only 7 % of the total catch in the shallower sites consisted of

postflexion larvae while this stage only compromised 4 % in deeper sites.

4.6 Body Length

A significant difference in the lengths of Sardinops sagax (P = 0.007), Goby 3 (P =
0.003) and Goby 4 (P = 0.01) occurred between the two different depth contours with
a smaller mean length observed in the shallow ~5 m contour for each species (Table
2.3). Conversely estuary associated species, namely Diplodus capensis (P = 0.02),
Caffrogobius gilchristi (P = 0.005), Heteromycteris capensis (P = 0.03) and Solea

turbynei (P = 0.001) were significantly larger in shallower water (~5 m).
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Table 2.3: Mean body lengths (range) of dominant species (n = 30) at the two different depth contours (~5 and ~15 m)

Dominant Species Estuary n ~5m n ~15Sm p-value t-value

Dependence mean length (range) mean length (range)

(mm) (mm)
Argyrosomus thorpei Marine 30 2.8(1.5-8.4) 30 24(1.5-4.1) <0.05 1.7
Blenniid 4 ? 30 5.8(3.8—-10) 30 6.6 (4.2-13.5) 0.1 -1.7
Caffrogobius gilchristi Resident 30 2.9(1.8-4.5) 30 2.5(1.7-3.4) <0.01 2.5
Caffrogobius nudiceps Resident 30 3.1(2.0-5.3) 30 33(2.1-45) 0.3 -1.1
Cremnochorites capensis Marine 30 6.1 (4.5-8.7) 30 6.0 (4.7 -28.5) 0.8 0.2
Cynoglossus capensis Marine 30 32(24-54) 30 3.0(1.9-5.4) 0.5 0.7
Cynoglossus zanzibarensis Marine 30 33(2.0-54) 30 3.9(2.8-5.8) 0.2 -1.4
Diplodus capensis Dependent 30 6.0 (2.5-9.9) 30 5.0(3.5-6.6) <0.05 2.2
Engraulis capensis Marine 30 543.1-12.7) 30 5.0(2.6-8.1) 0.4 0.8
Gobiid 2 ? 30 34(23-5.3) 30 3.5(1.9-5.9) 0.6 -0.6
Gobiid 3 ? 30 33(24-5.6) 30 4.1(2.3-8.5) <0.001 -3.1
Gobiid 4 ? 30 6.6 (3.0-9.2) 30 7.6 (4.9-16.3) <0.05 -1.7
Heteromycteris capensis Dependent 30 4.6(1.5-7.8) 30 2.6 (2.0-4.0) <0.05 2.2
Kyphosid 1 ? 30 2.8(2.1-4.1) 30 2.6 (2.1 -3.0) 0.1 1.6
Sardinops sagax Marine 30 543.2-15.0) 30 7.1 (3.8-14.1) <0.001 -2.8
Solea turbynei Dependent 30 3.8(3.0-4.4) 30 3.0(1.2-3.9) <0.001 53
Sparid 1 ? 30 2.7(2.1-3.7) 30 2.6(1.4-3.8) 0.4 0.8
Spondyliosoma emarginatum  Marine 30 292.1-3.9) 30 2.6(1.9-3.2) 0.1 0.2
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4.7 Environmental correlation and community analysis

Biological data collected during the 2006 summer field survey was not included in the
principal component analysis (PCA) as no corresponding environmental variables
were recorded during this field survey due to technical equipment error. PCA
indicated that 34 % of the variability in larval fish density could be explained by the
first eigenvector (PC 1) (Table 2.4). PC 1 was characterized by a negative correlation
with both temperature and salinity. The second eigenvector (PC 2) explained 26 % of
the variability and was associated with a negative correlation with turbidity. These
two factorial axes explained >60 % of the total variability (Fig. 2.4). The distribution
of samples in the space defined by the first 2 axes yielded groupings of samples by
season and demonstrates that water masses influence larval fish community structure.
A group situated between 1 and 2 on the PCA y-axis and between -2 and 0 on the
PCA x-axis included samples from summer, explained by higher temperatures ranging
from 20.2 — 24.1 °C, higher salinities ranging between 35 — 35.8 and lower turbidity
values ranging from 2.2 — 29.4 NTU. A grouping of samples between 1 — 3 on the
PCA x-axis, included winter samples defined by lower temperatures ranging from 15
—17.6 °C and lower salinities ranging from 32.0 - 35. A group of samples between 0
and 1 on the PCA x-axis included samples from spring when larval densities were
greatest exceeding 700 larvae/100m’. During this spring period temperatures were
low ranging between 16 — 19 °C and turbidity was high reaching up to 74 NTU. A
group of mixed samples were tightly grouped together between -1 and 0 on the PCA
x-axis and between 0.5 and -1.5 on the PCA y-axis. This collection of predominately
autumn samples but including a few summer, winter and spring samples were grouped
together when environmental variables were stable, where temperatures ranged

between 17.9 — 21 °C and salinities ranged between 35 — 35.4.

Table 2.4: Eigenvectors determined from PCA for environmental variables and total
larval fish density

Factor 1 Factor 2 Factor 3 Factor 4

% Variance explained 34.2 26.4 24.6 14.9
Temperature -0.69 0.23 0.13 0.67
Salinity -0.68 0.01 -0.35 -0.64
Turbidity -0.07 -0.84 -0.44 0.30
Larval fish density 0.22 0.49 -0.82 0.22
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Figure 2.4: Representation of seasonal variation in the first two axes of the PCA in
the shallow nearshore of Algoa Bay (2005 — 2007). Variables including
temperature, salinity, turbidity and larval fish density used in PCA
analysis (n = 83)

Spearman’s rank order correlation indicated that zooplankton density had a significant
positive relationship with total larval fish density (Table 2.5) and trends in larval fish
and zooplankton densities can be observed in Figure 2.5. Zooplankton density,
salinity, temperature and turbidity all had significant relationships with the densities
of dominant larval fishes in the study area including Argyrosomus thorpei,
Caffrogobius nudiceps, Cynoglossus capensis, Heteromycteris capensis, Sardinops

sagax and Solea turbynei.
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Table 2.5: Spearman rank order correlation coefficient for larval fish density versus
environmental variables for all taxa and dominant species (>1 % of total
catch) recorded in the shallow nearshore of the eastern sector of Algoa
Bay (2005 — 2007). ns = not significant

Species Plankton Salinity Temperature  Turbidity
All taxa 0.43 ns ns ns
Dominant species:

Argyrosomus thorpei ns ns ns 0.23
Blenniid 4 ns -0.23 -0.26 -0.29
Caffrogobius gilchristi ns ns ns ns
Caffrogobius nudiceps ns -0.28 ns ns
Cremnochorites capensis ns ns ns ns
Cynoglossus capensis 0.25 -0.30 -0.31 ns
Cynoglossus zanzibarensis ns ns ns ns
Diplodus capensis ns ns ns ns
Engraulis capensis ns ns ns ns
Gobiid 2 0.24 ns ns ns
Gobiid 3 0.34 -0.30 ns ns
Gobiid 4 0.28 ns ns 0.20
Heteromycteris capensis 0.39 ns ns ns
Kyphosid 1 0.26 -0.36 -0.35 ns
Sardinops sagax ns ns ns -0.26
Solea turbynei ns 0.55 ns ns
Sparid 1 ns ns ns ns
Spondyliosoma emarginatum ns ns ns ns
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Figure 2.5: Mean seasonal changes in combined larval fish density at both depth

contours and zooplankton density in the shallow nearshore of Algoa Bay
(2005 —2007)

5. DISCUSSION

5.1 Larval fish composition

Catches of larvae of coastal fishes in this study (78 species representing 32 fish
families) were considerably higher than that recorded by Beckley (1986) in the
shallow nearshore of the western sector of Algoa Bay (36 species representing 26 fish
families) and by Tilney and Buxton (1994) further south in the Tsitsikamma National
Park (55 species and 24 families).

Species of Gobiidae, Cynoglossidae, Engraulidae, Clupeidae, Sparidae, Blenniidae,
Soleidae, Sciaenidae, Tripterygiidaec and Kyphosidae larvae all made contributions of
greater than 1 % towards the total larval fish catch in the present study. In the
temperate waters of the Mediterranean, Sparidae, Blenniidae, Gobiidae and
Tripterygiidae larvae similarly dominated shallow nearshore catches (Sabatés et al.,
2003; Beldade et al., 2006). Similarly, in the tropical nearshore waters of Australia,
New Zealand and Hawaii, larval gobiids, larbrids, sparids, clinids and tripterygiids

dominate catches (Leis and Miller, 1976; Kingsford and Choat, 1989; Gray, 1993).
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Larvae of Gobiidae dominated catches in the eastern and western (Beckley, 1986)
sectors of Algoa Bay. The unidentified Gobiid 4 contributed ~29 % towards the
overall larval fish catch. This family is the most diverse group of fish in southern
Africa with over 100 species (Heemstra and Heemstra, 2004). High densities of goby
larvae (15 larvae/m?®) mainly Caffrogobius gilchristi larvae are known to be flushed
out of temperate estuaries in this region on the ebb tide (Beckley, 1985; Strydom and
Wooldridge, 2005). This phenomenon could account for the high densities of goby
species observed in this study, particularly in the shallower (~5 m) site just off the
Sundays River mouth. Unfortunately, the larval stages of most gobiids in South Africa
are not known and this species could not be identified. Together with Gobiid 4,
Engraulis capensis and Sardinops sagax dominated catches in the shallow nearshore
of the eastern sector of Algoa Bay. In the northwest Mediterranean, the European
sardine and anchovy similarly dominate nearshore ichthyoplankton catches, however
these two species have non-overlapping spawning periods in the northern hemisphere
(Sabatés et al., 2007). A similar trend was observed in this study with densities of S.

sagax greatest during summer and E. capensis densities greatest during spring.

Sardinops sagax, one of the key commercially important species of South Africa has
undergone substantial population size fluctuations over the last 50 years (van der
Lingen et al., 2006). Beckley (1986), recorded that the majority of S. sagax larvae
caught within the shallow nearshore of the western sector of Algoa Bay were large
with mean lengths of ~24 mm. Beckley (1986) suggested that S. sagax larvae were
not spawned within the bay as this length corresponds to an age of nearly two months
(Boyd and Badenhorst, 1981). The mean lengths from this study (~6 mm) however
indicate a spawning area nearer the bay. Although densities of clupeids in this study
are considerably lower than densities recorded by Beckley (1986), our results and the
occurrence of larval S. sagax in estuary mouths in the bay (Strydom, 2003) do suggest

that additional spawning occurs off the warm temperate coast.

Larvae of some threatened South African linefish species were found in this study
including Argyrosomus japonicus and A. thorpei. The larvae of these commercially
and recreationally important Sciaenidae species are rare in Eastern cape surf zones
(Strydom and d'Hotman, 2005; Strydom, 2007) and isolated postflexion larvae and

early juveniles of A. japonicus were recorded in the lower reaches of estuaries
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(Beckley, 1983b; Beckley, 1984; Strydom et al., 2003; Strydom and Wooldridge,
2005). This suggests that the shallow nearshore is the preferential habitat for the larval
stages of these species, and therefore plays a role as a primary nursery area, prior to
recruitment to estuaries during the juvenile stage. Algoa Bay is known to be a major
breeding area for 4. japonicus (Smale, 1983). The preflexion stage was the dominant
development stage observed in the sciaenid family in the present study. This supports
the results from Smale (1983) as it is evident that spawning is occurring locally within
the bay. Densities of sciaenid larvae peaked in spring and summer. Spring peaks in
density of sciaenid larvae in the shallow nearshore (<30 m) has also been recorded in

the southern gulf of Mexico (Espinosa-Fuentes and Flores-Coto, 2004).

In the study by Beckley (1986), sparid larvae only contributed 2 % to the total
nearshore ichthyoplankton catch. In this study however, sparid larvae contributed 7 %
to the total catch. Beckley (1986) suggested an “offshore” spawning and development
of sparid larvae due to the low densities of early developmental stages recorded in the
shallow (5 — 7 m) nearshore. In the present study, densities of early stage sparid larvae
increased with distance from shore. As yet, it is not known where densities of sparid
larvae peak relative to distance from shore. However, preflexion larvae of Sparidae
were regularly encountered along the ~15 m depth contour in the present study which
suggests that spawning is occurring closer to shore than that suggested by Beckley

(1986).

Using Beckley’s (1986) classification of western Algoa Bay ichthyoplankton based on
the distribution of adults and the type of eggs they produce, >50 % of the catch in the
present study were coastal species that produce benthic eggs. Similarly larvae
belonging to this group dominated catches (45 %) in the western sector of Algoa Bay
in depths ranging from 5 — 7 m (Beckley, 1986). However, pelagic taxa producing
pelagic eggs dominated catches (80 %) in the Tsitsikamma National Park, where
larval fishes were collected in deeper water ranging from 20 — 80 m (Tilney and
Buxton, 1994). A further trend observed in the present study was a decrease in the
density of coastal species which produce benthic eggs with an increase in depth and
distance from shore. In the shallow coastal nearshore waters of north-western Portugal
(Azeiteiro et al., 2006) and central Chile (Hernandez-Miranda et al., 2003), intertidal

species including blenniids, clinids, gobiids and gobiesocids that produce benthic eggs

39



Chapter 2

occurred at their highest abundance in the zone nearest to the coast with abundance
decreasing significantly away from shore. Nearshore larval assemblage studies from
around the world show a similar trend with larvae from non-pelagic eggs most
abundant close to shore (Leis and Miller, 1976; Leis, 1982; Marliave, 1986; Suthers
and Frank, 1991; Sponaugle et al., 2003; Paris and Cowen, 2004).

A further trend observed in the present study was the dominance of marine species
which are completely independent of estuaries. A similar trend was observed in
subtropical KwaZulu-Natal where fish larvae found in the nearshore environment
were mainly species which spawn in marine waters and are not dependent on estuaries
(Harris et al., 1999; Harris et al., 2001). Conversely, in South African surf zones
adjacent to the shallow nearshore, greater than 90 % of larval fish caught are estuary
dependent (Harris and Cyrus, 1996; Strydom, 2003; Watt-Pringle and Strydom, 2003;
Strydom and d'Hotman, 2005). Furthermore, in the shallow nearshore, marine species

tend to occur in greater densities at the deeper (~15 m) depth contour.

5.2 Seasonal and spatial trends in larval fish

Densities of larval fishes were highest along the deeper ~15 m depth contour than just
behind the surf zone (~5 m). Similar results were observed in subtropical KwaZulu-
Natal (Harris et al., 1999) and in the Tsitsikamma National Park (Tilney and Buxton,
1994) where an increase in mean larval density occurred with an increase in the
distance from shore. In the south-east Australian coastal waters, larval fish densities
were greatest offshore (60 — 80 m deep) compared to inshore waters (30 m) (Gray and
Miskiewicz, 2000) and in the north eastern coast of New Zealand (Tricklebank et al.,
1992) densities of larval fishes were greatest offshore (3.2 km) than inshore (0.5 km).

Gradients in density of larval fishes with distance from shore are also accompanied by
size gradients. A size gradient in larval fishes has been observed between the surf
zone and the adjacent shallow nearshore (Harris et al., 1999; Strydom, 2007). Results
from this present study support this work as higher percentages of larger larvae at the
flexion and postflexion stage occurred at the shallower sites along the ~5 m depth
contour. This is particularly evident in species that rely on sheltered coastal habitats
such as estuaries for feeding and nurseries. These results support the shoreward

movement hypothesis where larvae recruit from offshore spawning areas swimming
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towards appropriate coastal nursery habitats (Boehlert and Mundy, 1988). It seems
that the shallow nearshore serves as a temporary accumulation area for larvae that will
ultimately move into surf zones before swimming actively into estuary nursery areas

(Boehlert and Mundy, 1988; Potter et al., 1990).

Highest densities, diversity and species richness of larval fishes were recorded in
spring. This corresponds to the breeding season of coastal species with similar results
observed in international studies (Raynie and Shaw, 1994; Palomera and Olivar, 1996;
Sabatés et al., 2003; Azeiteiro et al., 2006; Borges et al., 2007). Temperature is known
to be one of a suite of important environmental variables influencing larval fish
assemblages in coastal waters (Kingsford, 1988; Tzeng and Wang, 1993; Harris et al.,
1999). In temperate systems, larval fish density is usually higher in warmer, more
saline months during spring and summer (Drake and Arias, 1991; Raynie and Shaw,
1994; Keller et al., 1999; Koutrakis et al., 2004; Azeiteiro et al., 2006). Lowest larval
fish density was recorded in summer with similar results observed in the shallow

nearshore waters of central Chile (Hernandez-Miranda et al., 2003).

Seasonal changes in environmental variables were observed within the shallow
nearshore but spatially the environment was fairly stable. Larval fish density in the
present study displayed a high degree of both seasonal and spatial heterogeneity.
Spatial variability in larval fish density can also be attributed to other environmental
factors including upwelling and wind forcing (Pitts, 1999; Hernandez-Miranda et al.,
2003), current patterns (Cowen and Castro, 1994; Olivar and Beckley, 1994), type of
water mass (Cowen et al.,, 1993; Chiu and Hsyu, 1994), the proximity of reefs
(Kingsford and Choat, 1989; Tricklebank et al., 1992; Tilney and Buxton, 1994) and
oceanographic conditions (Muhling and Beckley, 2007). The PCA demonstrated that
water masses influence larval fish community structure, particularly since the majority
of larvae were in a state of preflexion. The data showed a significant correlation
between zooplankton and larval fish density with similar results recorded in other
nearshore studies (Haldorson et al., 1992; Pedersen and Rice, 2002; Sabatés et al.,
2007).
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5.3 Developmental stage

The dominance of preflexion larvae within this study area suggests a high degree of
local production occurring in the area. Marine species (category III) were generally
found to occur in higher densities along the deeper ~15 m depth contour than the
shallow sites behind the surf zone and were dominated by preflexion larvae. Engraulis
capensis and Sardinops sagax are pelagic fish that usually occur over the continental
shelf to depths of ~200 m. Spawning of these species occurs on the south and east
coast of South Africa, particularly on the Agulhas Bank, south of Algoa Bay
(Heemstra and Heemstra, 2004). Juveniles of the sciaenid, Argyrosomus thorpei, are
known to occur on soft bottoms in 15-50 m with adults occurring on rocky reefs and
sand to depths of 80 m (Heemstra and Heemstra, 2004). The tripterygiid
Cremnochorites capensis is known to occur in rocky reefs in depths of 20-30 m
(Heemstra and Heemstra, 2004). Cynoglossus zanzibarensis occurs on sandy or silty
sand bottom in depths from 10-430 m and spawns pelagic eggs (Heemstra and
Heemstra, 2004). The sparid, Spondyliosoma emarginatum, produces benthic eggs
that are deposited in depressions on the sandy bottom in depths of 2—-60 m (Heemstra
and Heemstra, 2004). Juvenile kyphosids are known to occur in the open ocean with
Sargassum weed or floatsam (Heemstra and Heemstra, 2004). The presence of all
developmental stages (preflexion, flexion and postflexion) of certain blenniids,
clupeids, engraulids, gobiesocids, gobiids, haemulids, soleids, sparids and
tripterygiids within the study area suggests that the pelagic phase of these larval fishes
is completed within the shallow nearshore. It has been suggested that remaining
inshore is advantageous to finding a suitable settlement habitat at the end of the larval
stage (Hickford and Schiel, 2003). The proposed MPA is therefore situated in a

functioning spawning and nursery area for many coastal fish species.

6. CONCLUSION

This study has highlighted the high ichthyoplankton diversity and species richness
that occurs in the shallow nearshore of the eastern sector of Algoa Bay. Preflexion
larvae dominated catches in this study suggesting a high degree of local hatching
occurring in the area, specifically for important recreational linefish and commercial
species particularly species such as A4. japonicus, A. thorpei, D. capensis, E. capensis
and S. sagax. The presence of the early developmental stages of commercially and

recreationally important species that occur in surf zones and estuaries as postflexion
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larvae and early juveniles, suggests that the shallow nearshore provides adjacent
coastal nursery areas with larval recruits. The shallow nearshore of eastern Algoa Bay
can therefore be regarded as an important nursery area. This study has provided
baseline information on species composition, seasonality, distribution and abundance
in an area to be declared a marine reserve. This project creates an ideal comparative
base for the area which will allow for comparisons and monitoring once the reserve is

proclaimed and fish stocks recover.
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CHAPTER 3
NEARSHORE CURRENTS AND THEIR POTENTIAL
EFFECTS ON DISPERSAL OF FISH EGGS AND LARVAE
IN THE PROPOSED GREATER ADDO MARINE RESERVE,
ALGOA BAY, SOUTH AFRICA

1. SYNOPSIS

An Acoustic Doppler Current Profiler (ADCP) was used to measure current direction
and velocity in the shallow nearshore of a proposed marine protected area in Algoa
Bay, South Africa. The purpose of the study was to describe the shallow water
dynamics with emphasis on the potential influence on eggs and larval fishes occurring
in the area. One-day profiling surveys as well as data from a bottom-moored ADCP
were used to describe current flow patterns. Three different flow patterns were
identified from seven one-day profiling surveys conducted in the nearshore behind a
dissipative beach surf zone, between depths of 4 — 20 m. The first pattern was
characterized by eastward flow, the second pattern was characterized by westward
flow and the third pattern consisted of mixed east-west flows. Analysis of 12 months
(May 2006 — May 2007) of half-hourly collected data from a bottom-moored ADCP
on the 15 m depth contour showed that within the nearshore, the offshore flowing
south eastward (39 %) and onshore flowing north westward (33 %) currents occurred
more frequently than the south westward (15 %) and north eastward (13 %) currents.
Modal current velocity near the surface of the water column (4 m) was 8 cms™ and
near the bottom of the water column (14 m) was 6 cms™. Velocity decreased with
depth in the nearshore, with a mean velocity of ~30 cms™ recorded at a depth of 4 m
and a mean velocity of ~10 cms™ recorded at a depth of 14 m. Potential net
displacements indicate that eggs and preflexion larvae would likely be transported
eastwards, reaching distances of 84 km near the surface (4 m) and 24 km at the
bottom (14 m) of the water column in winter over a period of three months. Over a
similar period of time during the peak breeding season of fishes during spring and
early summer, distances of 110 km near the surface and 186 km at the bottom of the
water column can occur. The complexities of the larval phase, particularly postflexion

stage swimming abilities, are discussed within the context of Algoa Bay.
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2. INTRODUCTION

Algoa Bay, situated on the south-east coast of South Africa, is a wide, shallow bay
with depths not exceeding 70 meters (Schumann et al., 2005). Most oceanographic
studies in the Bay to date have been confined to the western sector (CSIR, 1970;
Roberts, 1990) or in waters exceeding depths of 20 m (Harris, 1978; Lutjeharms et al.,
1986; Goschen and Schumann, 1988; Boyd et al., 1992; Goschen and Schumann,
1994; Boyd and Oberholster, 1994). Oceanographic research in the eastern part of
Algoa Bay is limited, particularly in shallow waters (<20 m) where most coastal fish
nurseries occur (Chute and Turner, 2001). This is the first study in the eastern sector
of Algoa Bay where an Acoustic Doppler Current Profiler (ADCP) was used to

measure shallow (4 — 20 m) nearshore currents.

Within the western sector of Algoa Bay, a survey completed by the Hydraulics
Research Unit of the National Mechanical Engineering Research Institute of the CSIR
between November 1967 and November 1968, reported that the deep water (30 m)
nearshore currents were very week (< 8 cms™) with north-easterly winds creating very
weak (0 — 8 cms™) flowing currents. Without the interference of wind, currents were
very weak and in a southerly direction (CSIR, 1970). Roberts (1990) examined the
nearshore surface currents within the western bight of Algoa Bay via the dispersion of
pollutants from the shoreline. Surface currents were found to respond primarily to the
influence of the local wind. In offshore studies, Harris (1978) followed by Lutjeharms
et al. (1986) observed north-eastward and south-westward surface currents equally
dominating in the centre of Algoa Bay (~50 m depth). Current velocities were
reported to range between 20 — 40 cms” and were influenced by wind direction.
Goschen and Schumann (1988) using a hydrosonde, observed little variation in
current speed and direction with depth (surface — 100 m) offshore of Algoa Bay
during early summer. Currents flowed predominantly north-eastwards in the direction

of the prevailing south-westerly winds.

Currents play an important role in determining the distribution of larval fishes (Leis
and Goldman, 1983) along with the larval stages of most invertebrate fauna, other
zooplankton and phytoplankton (Mackas et al., 1985). The behaviour of larval fishes
together with the dynamics of the water body in which they occur, need to be

understood in order to assess the influence of ocean currents on larvae and to
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determine the net dispersal of larvae (Leis, 2006). With the swimming abilities of
larval fish now known (Stobutzki and Bellwood, 1994; Leis et al., 1996; Stobutzki
and Bellwood, 1997; Leis and Carson-Ewart, 1997), data suggests that mid to late
stage larvae are not passive particles in the water column but active swimmers, with
keen sensory abilities (Kingsford et al., 2002) able to select preferred habitats and
maintain their position there (Melville-Smith et al., 1981; Boehlert and Mundy, 1988;
Leis et al., 1996; Leis and Carson-Ewart, 1998; Leis and Carson-Ewart, 1999; Leis
and Carson-Ewart, 2001; Watt-Pringle and Strydom, 2003), thereby aiding and
directing dispersal. The interaction between larval fish biology and oceanography is
complex yet essential in the understanding of dispersal of larvae and how this effects
fish populations (Kinlan and Gaines, 2003; Palumbi, 2003; Sale, 2004). More recently
larval fish dynamics are being used to assess and question the efficacy and design of
marine conservation areas such as marine protected areas (MPAs) (Leis, 2003; Leis,

2006).

A new MPA is planned for the eastern sector of Algoa Bay. The objective of the
present study was to describe current direction and velocity patterns within the
shallow nearshore zone of the proposed MPA using data collected from one-day
profiling surveys and a long-term (12 months) moored ADCP survey. Nearshore areas
are known accumulation and nursery areas for coastal fishes (Leis, 1982; Beckley,
1986; Palomera and Olivar, 1996; Sponaugle and Cowen, 1996; Harris et al., 1999;
Hernédndez-Miranda et al., 2003; Borges et al., 2007). Data generated from these
surveys were used to discuss the potential transport of fish eggs and preflexion larval

fishes to and from the reserve area.

3. MATERIALS AND METHODS

3.1 Study site

Algoa Bay is situated on the south east coast of South Africa (Fig. 3.1) and is a wide
(~80 km), eastward-facing bay with depths not exceeding 70 meters (Harris, 1978;
Roberts, 1990). Algoa Bay is situated in the warm-temperate region of South Africa
and receives peak rainfall in autumn and spring (Whitfield, 1998). The Agulhas
Current flows along the edge of the continental shelf in a south-westwards direction
approximately 80 kms offshore of Algoa Bay (Lutjeharms, 1981) with subtropical

waters from the current occasionally entering the bay (Schumann, 1987). South-
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westerly winds dominate across the bay throughout the year (Schumann and Martin,
1991). In summer the frequency of easterly winds increases creating upwelling at
Cape Recife to the west, with this colder water (by about 8 °C) moving westwards
(Schumann et al., 1988). Westerly winds can however bring this colder upwelled
water into the bay (Goschen and Schumann, 1995). Temperatures in the bay range
from ~11 °C in winter to ~27 °C in summer (Beckley, 1983; Beckley, 1988). Intense
thermoclines are established in summer in the deeper sections of the bay with
isothermal conditions occurring in winter. With minimal freshwater inflow into the
bays from rivers, the salinity within the bay is stable, with an average of about 35.2

(Schumann, 1998; Schumann et al., 2005).

E

30

35

Sundays
Estuary

ISR
le Is ) Woody Cape
4
3 Cape Padrone

Bird lslali%d [§
MPA

Swartkops

Figure 3.1: The geographical position of Algoa Bay, showing the position of the nine
ADCP transect lines and a satellite image showing the position of the
bottom-moored (15 m) ADCP (Google Earth)

3.2 Field sampling
One-day profiling surveys
Collection of current data was conducted by oceanographic technicians from Marine

and Coastal Management, South Africa. Sampling took place during eight one-day
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profiling surveys, four in winter and four in summer between August 2005 and
February 2007. One survey was cancelled due to arduous sea conditions resulting in
only three surveys in summer. A 300 kHz ADCP (RD Instruments of San Diego,
California), mounted onto a small boat (7.3 m) was used to survey nine transect lines,
which ran perpendicular to the shore from the 20 m depth contour to just behind the
surf backline (4 m), between Woody Cape (33°46°709°’S, 26°20°281°E) and
Sundays Estuary (33°44°205°’S, 25°51°562”E) (Fig. 3.1). Transect lines were placed
at intervals of 4 kms. Line 1 was the longest transect line with a length of ~3000 m,
while line 6 was the shortest transect line with a length of ~400m. These surveys were

conducted over the course of three fieldtrips.

Moored ADCP

An ADCP was also moored in the centre of the study area (Fig. 3.1), on the 15 m
depth contour for a period of one year between May 2006 and May 2007. The ADCP
was configured to record every 30 minutes using an ensemble size of 120 pings, with
one ping used per second. The water column was sampled using 15 bins each of 1 m
depth, between the surface and 14 m. Prior to processing, data in each bin was
checked for quality (Fig. 3.2). For this analysis, only bins in which >75 % of the
readings were ‘good’ were used (Gordon, 1996). This eliminated the surface, 1 m, 2

m and 3 m bins.

Wind data were obtained at hourly intervals from three South African Weather Bureau
stations located on Bird Island (3 m above sea level), on the eastern boundary of the
study area, at Port Elizabeth Harbour (63 m above sea level) and at Coega Harbour
(46 m above sea level) on the western boundary of the study area. Wind data was

collected for a period of one year between May 2006 and May 2007.
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Figure 3.2: The quality of the data from the bottom-moored ADCP on the 15 m depth
contour in the shallow nearshore of eastern Algoa Bay showing the
percentage of good data at each depth

3.3 Data analyses

Current velocity, current direction, wind speed and wind direction data were tested for
normality and homogeneity of variance using a normal probability plot, Shapiro-Wilk
test and Levene’s test and conformed to parametric test assumptions. Current velocity
and direction data was correlated with wind speed and direction data respectively
using simple linear (Pearson r) correlation. Potential transport of eggs and preflexion
larvae was calculated by combining the east-west and north-south velocity

components providing total progressive displacement.

4. RESULTS

4.1 One-day profiling surveys

Three different flow patterns were observed within the shallow nearshore during the
one-day profiling surveys (Figs 3.3 and 3.4). The first pattern, a strong westward
current characterized by uni-directional flow throughout the water column was
observed on the 03/08/2005, 04/08/2005 and 20/02/2007, with current velocities
ranging from 0 to ~30 cms™'. The second pattern, an eastward flow ranging in velocity
from 0 to 12 cm™', was observed on the 25/05/2006 and similarly an eastward flow
occurred on the 18/02/2007 ranging in velocity from 0 to ~30 cm™. A third pattern,

characterized by mixed east-west flows occurred on the 24/05/2006 with velocities
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ranging from 0 to ~25 cm™. On the 24/05/2006 currents flowed in a westward
direction at Lines 1 — 3 and 9 and in an eastward direction at Lines 4 — 8 at both the
surface (Fig. 3.3) and at the bottom of the water column (Fig. 3.4). No clear flow
pattern was observed on the 19/02/2007.
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Figure 3.3: Vector plots of near surface current flow (4 m) showing direction and
velocity at each transect line on each day of the ADCP one-day profiling
surveys. Note: Instrumental error in data for lines 2, 5 and 7 on the
03/08/2005 and at lines 2 and 9 on the 04/08/2005. Figure supplied by
Marine and Coastal Management, Cape Town South Africa
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Figure 3.4: Vector plots of near bottom current flow (14 m) showing direction and
velocity at each transect line on each day of the ADCP one-day profiling
surveys. Note: Instrument error in data for line 2 on the 04/08/2005 and
line 6 on the 20/02/2007. Please note no transect data collected for the
bottom of the water column on 03/08/2005. Figure supplied by Marine
and Coastal Management, Cape Town South Africa

Some of the complexity of the nearshore flow regime is highlighted in Figure 3.5. For
example, at Line 2 on the 25/05/06 (Fig. 3.5.a) higher current velocities (~10 cms™)
were observed in the shallow water just behind the backline than water at a depth of
20 m (~5 cms™). Current velocities within the water column were generally observed

to flow either uniformly or with a slight decreasing trend from the surface to the
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bottom of the water column. However, there were periods when current velocities
were highest in the bottom layer of the water column e.g. Fig 3.5.b (Line 2; 24/05/06).
Furthermore in Figure 3.5.b the higher current velocities do extend into the surface
layer of the water column close to shore, just behind the backline, at a depth of <13
m. A reversal in this pattern was observed at Line 5 on the 25/05/06 (Fig. 3.5.c), when
current velocities were greatest in the surface layer. Figure 3.5.d shows a situation
where different current directions were observed between the surface and bottom
water. The surface layer flows in a westward direction and the bottom layer flows

eastwards (Line 8; 24/05/06).
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Figure 3.5: Characteristics of the shallow nearshore current environment highlighted
during the one-day profiling surveys: (a), Higher velocities (~10 cm™)
recorded in the shallower nearshore than the adjacent deeper nearshore
(~5 cm’™) (Line 2; 25/05/06) (b), The bottom of the water column has a
higher velocity of ~10 cm™ while the surface has a slower velocity of ~5
cm™ (Line 2; 24/05/06) (c), The surface layer has a higher velocity of ~10
cm” while the bottom layer has a slower velocity of ~5 cm™ (Line 5;
25/05/06) (d), Bottom layer in the deeper nearshore flows west while the
surface layer flows northwest (Line 8; 24/05/06). Figure supplied by
Marine and Coastal Management, Cape Town South Africa
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4.2 Moored ADCP survey

Figure 3.6 shows the entire 12 months (May 2006 — May 2007) of (a) current
direction and (b) velocity data collected by the bottom-moored ADCP. The direction
data showed two dominant flow patterns, an offshore south eastward flow and an
onshore north westward flow. Near the surface of the water column, the south
eastward flow was found to persist for 36 % of the time while the north westward
flow occurred 32 % of the time (Fig. 3.7.a). The south westward flow (18 %) and the
north eastward flow (14 %) occurred less frequently during the study period near the
surface of the water column. Similar flow direction was observed at the bottom of the
water column with the south eastward flow occurring 40 % of the time and the north
westward flow occurring 32 % of the time (Fig. 3.7.b). As with the surface pattern,
the south westward flow (15 %) and the north eastward flow (13 %) occurred less
frequently during the study period at the bottom of the water column. The south
eastward flow dominated flow throughout the year except during the winter months of
June 2006 and July 2006 and during May 2007, when the north westward current
dominated only slightly over the south eastward current. In terms of wind direction,
the south westerly winds dominated (48 %) during the study period (May 2006 — May
2007) (Fig. 3.7.c). The south easterly (21 %), north easterly (17 %) and the north
westerly winds (14 %) occurred less frequently. Current flow in either direction was
found to last for no longer than ~2 weeks at a time as was observed in May 2006 (Fig.

3.8).
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Figure 3.6: Direction (a) and velocity (b) during the twelve-month period (May 2006
— May 2007) using data collected from the bottom-moored ADCP on the
15 m depth contour in the shallow nearshore of eastern Algoa Bay. Figure
supplied by Marine and Coastal Management, Cape Town South Africa
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Direction of (a), near surface (4 m) currents (b), bottom (14 m) currents
and (c), wind during the twelve-month period (May 2006 — May 2007)
using data collected from the bottom-moored ADCP on the 15 m depth
contour in the shallow nearshore of eastern Algoa Bay and from three
weather stations around the Bay. Note that for wind, direction is from
where the wind was blowing and for currents, direction is towards where
the currents were flowing
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Figure 3.8: Characteristics of the shallow nearshore current environment during May
2007 using data collected from the bottom-moored ADCP on the 15 m
depth contour in the shallow nearshore of eastern Algoa Bay. Figure
supplied by Marine and Coastal Management

Current velocities in the region of the moored ADCP ranged between 0 — 149 cms™,
with maximum velocity recorded in May 2007. The modal current velocity in the
entire water column was 8 cms™ (Fig. 3.9). Current velocities greater than 60 cms™
did not feature notably in the shallow nearshore with percentage occurrences of <0.1
%. Current velocity was generally higher near the surface of the water column
compared to the bottom (Fig. 3.10) with mean velocities decreasing from 29 cms™ at a
depth of 4 m to 11 cms™ at 14 m. However, modal velocity near the surface of the

water column was 8 cms™' and 6 cms™' at the bottom of the water column.
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Figure 3.9: Frequency occurrence of current velocities during the twelve month
sampling period (May 2006 — May 2007) using data collected from the
bottom-moored ADCP on the 15 m depth contour in the shallow
nearshore of eastern Algoa Bay
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Figure 3.10: Mean velocity at each depth interval during the twelve month sampling
period (May 2006 — May 2007) using data collected from the bottom-
moored ADCP on the 15 m depth contour in the shallow nearshore of
eastern Algoa Bay

4.3 Wind-correlation
A Pearson r correlation analysis between current direction near the surface (4 m) and
wind direction measured at Bird Island, Coega and Port Elizabeth Harbour showed

that the best correlation exists with no lag at Bird Island (Table 3.1). Current direction
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was negatively correlated with wind direction that occurred on the day at Bird Island.
Current velocity near the surface (4 m) of the water column of the shallow nearshore
was positively correlated with wind speed that occurred on the day at Port Elizabeth

(Table 3.1).

Table 3.1: Correlations between current direction and velocity near the surface of the
water column (4 m) with wind direction and speed, showing the
correlation coefficient (r) and significant value (ns = not significant). Best

fit is bolded
Current Direction vs. Wind Direction
Location Lag r P
Coega On the