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ABSTRACT

Long-term interannual changes in richness, aburedatigersity and structure of the
fish community in the temporarily open/closed Elktinemonde Estuary, Eastern
Cape, are described and the recruitment successookestuary-dependent marine
species assessed. In addition, laboratory expetsmeare conducted to assess the
possible role of olfaction in the recruitment pregef an estuary-dependent marine

fish species.

Multivariate analyses of the annual marine fish oamites identified two distinct
groups with more species recorded during yearssiheteeded spring (September to
November) mouth opening events than in years foligmo mouth opening events in
spring. Interannual community stability (IMD) andrimtion (IMS) also increased
from the ‘other’ to the ‘spring’ years. These rasulighlight the importance of the
timing of mouth opening to the marine fish communit a temporarily open/closed

estuary.

This study also made use of long-term records ity daouth state and linked them to
the recruitment of distinct year-class cohorts wo tspardis with contrasting life-
history characteristicd.ithognathus lithognathus only recruited into the estuary in
years when the mouth opened between late Augustiamgary. This was linked to
the limited spawning season of this species anphatility to enter closed estuaries
via wave overwash events. In contrast, recruitrbgriRhabdosargus holubi juveniles
appeared to be uninterrupted and was not deternbgethe seasonality of mouth
opening. This species dominates the marine-spawcmgponent of the East
Kleinemonde Estuary and its success is attribudethtextended spawning season and

its ability to recruit into estuaries during botheowash and open mouth conditions.

Attraction of postflexionRhabdosargus holubi larvae to estuary, surf zone and river
water was also measured using a rectangular chdiegnber. In two sets of
experiments, conducted during peak recruitmentodsrilarvae from both the surf
zone and estuary mouth region selected estuaryrwath a significantly higher
frequency than sea water. Larvae collected in tloetmregion showed a stronger

preference for river water than those collectethm surf zone, thus suggesting that



these fish are more attracted to freshwater inftednnursery areas once they have
entered the estuary than those in the surf zonevakacollected in the marine
environment also selected surf zone water withisggmtly higher frequencies than
estuary water or offshore sea water, thus configntie importance of the surf zone

as an interim nursery area for postflexRrholubi.
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CHAPTER 1
GENERAL INTRODUCTION

Estuaries are the meeting place of freshwater figers and saltwater from the sea
and, as such, are dynamic environments charadetise large fluctuations in
environmental conditions. Whitfield (1992a) idertd five estuary types in southern
Africa: permanently open estuaries, temporarilyrdplesed estuaries, river mouths,
estuarine lakes and estuarine bays. In contrasistoaries within the temperate
regions of the northern hemisphere, which are predantly permanently open, the
majority of estuaries along the coast of southefiicA are relatively small and are
closed off from the sea for varying periods by adshar which forms at the mouth
(Potteret al. 1990, Whitfield 1998). Similarly, of the 80 estigs and coastal lagoon
systems found along the 1200 km coastline of teatpéiVestern Australia, only nine
are permanently open to the sea, while 64 only dpetine sea seasonally or less
frequently and seven are permanently closed (Hodghkd Lenanton 1981).

According to Whitfield (1992a) most temporarily opelosed estuaries in South
Africa have small river catchments (<500 %rand, in many systems, river flow may
be minimal or absent for extended periods. The fdiam is generally small (<1 x

10° m®) when the mouth is open and absent when the niswutlosed. Although the

salinity regime in these estuaries may range frogshf (during episodic floods) to
hypersaline (during prolonged droughts) mesohaloraitions (5.1 to 18 %o) usually

prevail (Whitfield 1992a) and horizontal gradienitstemperature and salinity are
generally absent (Lukest al. 2006). Water circulation during open mouth cormahs

is driven by both tidal and river flow and by winghen the mouth is closed
(Whitfield 1992a).

Temporarily open/closed estuaries (TOCEs) were ntgcalivided into two sub-
categories based on the duration of the open nyhdke (Whitfield and Bate 2006).
Intermittently open estuaries (IOEs) are definedsgstems that are, on average,
closed for most (>50%) of the year and only opeerimittently; intermittently closed
estuaries (ICEs) have, on average, a link withsee for more that 50% of the time
(Whitfield and Bate 2006). Along the Eastern Capast of South Africa between



Port Elizabeth and East London, TOCEs tend to gpenadically and mouth opening
depends mainly on rainfall in the catchment aread the extent of sand bar

development at the mouth (Cowley 1998).

The aquatic fauna of TOCEs is dominated by marime estuarine species, many of
which occur in large numbers (Whitfield 1998). Rasdé on estuarine fish
communities in South Africa has focused mainly amgé permanently open systems,
despite the predominance of TOCEs (Vorwestk al. 2001). Whitfield (2000)
identified 258 functional estuaries along the SoMfitican coastline, extending from
the Namibian border at the Orange (Gariep) Estoaryhe Atlantic Ocean coast in
the west, to the Kosi Estuary on the Indian Ocemastin the east. Along this stretch

of coast, 183 (approximately 71%) estuaries aresdiad as TOCEs

From a scientific and administrative perspectiveist vital to gain a proper
understanding of the processes occurring within E®Cprior to making
recommendations on their management, water almtati exploitation or
conservation (Whitfield 1998). This is particulailyportant, as the South African
National Water Act No. 36 of 1998 requires that #raount and quality of water
needed by all aquatic ecosystems, including estsiabe determined. This study was
designed to contribute towards a better understgndf the fundamental processes
driving marine fish recruitment and community staring within a typical Eastern
Cape TOCE.

Differences between fish assemblagesin permanently and temporarily open/closed
estuaries

Studies have shown that permanently open estugeiesrally have a higher diversity
of species than TOCEs (Bennett 1989, Whitfield &o# 1992, Potter and Hyndes
1994, Young and Potter 2002). The higher specigsneiss in permanently open
estuaries is often attributed to an increase imtimaber of estuary-dependent marine
species in permanently open estuaries (Bennett)1989the permanently open
Palmiet Estuary, marine species made up 53% afatet by numbers compared with
only 19% of the catch in the nearby temporarily dp®sed Kleinmond Estuary

(Bennett 1989). Marine stragglers, which are ngetielent on estuaries, are virtually



absent from TOCEs (Harrison 2003), and this mag atmtribute to the differences

observed in species richness.

Cluster analysis of seine net data from severateEa<Cape estuaries demonstrated
that the greatest differences in fish assemblagesreed between permanently open
and temporarily open/closed estuaries, which ségdrat the 50% similarity level.
Smaller and larger TOCEs, on the other hand, stgzhia a 65% similarity level
(Vorwerk et al. 2003). Differences in fish assemblages were faionde significant
and were attributed to higher species richnesseimpnently open estuaries and a
greater abundance of fish in TOCEs. Both estuapeddent marine and estuarine
resident species accounted for these differencesra®, Gilchristella aestuaria and
Atherina breviceps, two shoaling estuarine resident species, contprielarger
percentage of the catch, by numbers, in TOCEs ithgrermanently open estuaries
(Vorwerk et al. 2003). Estuary-dependent marine species genemglisesented a
larger proportion of the catch, by numbers, in parently open estuaries. This was
attributed to their year-round access, while rénrant opportunities into TOCEs are
more limited (Vorwerket al. 2003).

Strydomet al. (2003) also found that permanently open and tearppropen/closed
estuaries in the Eastern Cape showed a distincaragpn in fish assemblage
structure, based on early life stages (larvae antly guveniles). Again, estuary-
dependent marine species were mainly responsibléhi® separation. Although the
ichthyofauna of TOCEs may be less diverse thareimpnently open estuaries, these
estuaries still provide important nursery areas tfar juveniles of many estuary-
dependent marine species (Whitfield 1998).

Fish communitiesin temporarily open/closed estuaries

TOCEs in the subtropical region (KwaZulu-Natal) ®buth Africa have been the

focus of recent research (Perissinottoal. 2004), but less is known about these
systems in the warm- and cool-temperate regionst¢Ea Western and Northern
Cape provinces). Harrison (2002) conducted an ektersurvey of the biogeography
and community structure of the ichthyofauna in #8fuaries along the South African
coastline, of which 67 were TOCEs. Results from #iwve survey identified a

biogeographical break between the warm-temperat subtropical zones for



permanently open estuaries at the Mdumbi Estuanthsof Port St Johns. The break
was slightly different for TOCESs, occurring in theinity of the Mbashe Estuary

(south of the Mdumbi Estuary) and this differencaswattributed to the lack of

TOCEs sampled in this transitional region (Harri@®@®3). The ichthyofaunal break
identified by Harrison (2002) between the warm-temage and cool-temperate
regions for both estuarine types occurred at Capédhas (Figure 1.1).
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Figure 1.1. Map of South Africa indicating the three biogeqgri& provinces, based
on estuarine fish communities (after Harrison 2002)

Differences in estuarine fish assemblages arouadSibuth African coastline were
recorded (Harrison 2005). The gradual decreasexanbmic richness from east to
west was attributed to a decreasing number of ¢edpinarine species, primarily
associated with a decrease in the influence ofviduen Agulhas Current in the same
direction. Mareeet al. (2000) also recorded a decrease in the numbéstogpecies in

a south-westerly direction, with a substantial ohecl occurring west of the

permanently open Swartkops Estuary. This was at&ib to the Agulhas Current

moving further offshore in the Algoa Bay region atmhsequently tropical coastal



species reaching the southern limit of their disttion. Despite a gradual loss of
tropical species, the number of endemic specieeases south of KwaZulu-Natal
before declining again along the cool-temperatéiseest (Cape Columbine to Cape
Agulhas) and west coasts (Orange River to Capemdmhe). However, the diversity

of widespread and temperate taxa is low arounermiiee coast (Harrison 2005).

Tropical species are more abundant further soutfsvar estuaries of Australia than
in temperate South African estuaries. For exanfgtebdosargus sarba is abundant
in temperate Western Australian estuaries, bunlg cecorded in small numbers in
temperate South African estuaries (Poteerl. 1990). These differences may be
attributed to the influence of the warm southwdodving Leeuwin current (Pottest

al. 1990)

Estuary-dependent marine species dominate the Bona TOCEs in all
biogeographic zones (Harrison 2005). In small sydital estuaries the sharptooth
catfishClarius gariepinus usually dominates catches by mass (Harrison 2Q@4%)e

in warm-temperate estuaries the spaRibbdosargus holubi tends to dominate
catches by mass (Harrison 2005). The importanceestfiary-dependent sparids,
particularly R. holubi, decreases on the south-western coast and thdianugeza
richardsonii, becomes dominant in catches both by number and ithdesison
1998).

In contrast to South Africa, where there is a reéashortage of protected inshore
marine waters, the coast of Australia has numetarge marine embayments and
fringing reefs that provide alternative nursery itetbfor juvenile marine fishes
(Loneraganet al. 1989, Potter and Hyndes 1994). Consequently, mpésate
Western Australia the juveniles of many marine figiecies found in estuaries are
also found in marine embayments further north aedermed estuarine-opportunists
(Lenanton and Potter 1987).

Although only a few species are able to completsr thntire life cycle in estuaries
(Day et al. 1981) short-lived estuarine resident species daminate the fish
communities of estuaries numerically (Potteal. 1990). Estuarine resident species

comprised well over 50% of the catch (by numbers)wiarm-temperate TOCEs



(Dundas 1994, Vorwerkt al. 2001, Cowley and Whitfield 2002, Harrison 2003). |
terms of abundance, the contribution of estuargsedent species is more variable in
cool-temperate and subtropical estuaries. Harri§2003) found that estuarine
resident species contributed from 0.7% in the Mépdam Estuary to 93.1% in the
Little Manzimtoti Estuary. In cool-temperate estaar estuary-dependent marine
species tend to dominate catches by number and, mwithsestuarine resident taxa
sometimes poorly represented (Harrison 2003). HeweQlarket al. (1994) found
that the estuarine reside@ilchristella aestuaria was numerically dominant in the
temperate Sand Estuary. In temperate Western Aiastfee number of estuarine
resident taxa increases, for example the Atherenate represented by five species in
temperate Australian estuaries but by only oneispein South African estuaries
(Potter et al. 1990). Oreochromis mossambicus is the only freshwater species
recorded in most TOCEs in South Africa, particyladn the southeast coast
(Whitfield 1998).

Distribution of fish in estuaries

Although Vorwerket al. (2001) found no clear evidence of an overall ladjnal
fish distribution pattern in different warm-tempiersestuaries on the south-eastern
Cape coast, on an individual species basis there wiscernible trendsitherina
breviceps were generally more abundant in the lower readbiegstuaries and
Gilchristella aestuaria tended to be more abundant further upstream. fidsiwater
speciesOreochromis mossambicus, exhibited a preference for the upper reaches of
estuaries, with 43% of individuals being caughthis zone. Similarly, the mugilid
Myxus capensis was also more abundant in the upper reaches. ¥arktldt (1978)
found that primary consumers (i.e. species thad f@@ organisms low down in the
food chain, such as plankton, epiphytic algae atdtds) were common in the lower
reaches of the Kobole Estuary, while tertiary fesdee. predators such &aranx

ignobilis) predominated in the upper reaches.

Classification and ordination of large and smalheeatches in the East Kleinemonde
Estuary showed that the fish composition in thedoveaches of the estuary differed
significantly from that in the middle and uppercikas of the Estuary (Cowley and
Whitfield 2001a). This difference was attributed iniy to Atherina breviceps,

Psammagobius knysnaenis, Rhabdosargus holubi, Lithognathus lithognathus, Liza



dumerili and Liza richardsonii showing a preference for the lower reaches of the
estuary, with an increase in catchessdtchristella aestuaria, Glossogobius callidus,
Myxus capensis, Monodactylus falciformis and Oreochromis mossambicus in an

upstream direction.

Classification and ordination revealed that the pgosition of the fish fauna in the
mouth and lower reaches of the Moore River Est(aungtralia) differed significantly
to the middle and upper reaches (Yowhgl. 1997). This was attributed mainly to a
sequential decline in marine species in an upstre@ection and a concurrent
increase in estuarine species. Similarly, in thdlséad Estuary (Australia), samples
from the lower reaches separated from those inridelle and upper reaches (Young
and Potter 2002). In estuaries such as the Los sBaitas Lagoon (southern
California), where the salinity fluctuates widelguryhaline species dominate
throughout the estuary (Desmoetdal. 2002).

I nfluence of mouth state on fish communitiesin temporarily open/closed estuaries
Mouth state is regarded as the major determinaspeties richness in TOCEs, with
higher numbers of marine species being capturecsiuaries that open more
frequently (Hodgkin and Lenanton 1981, Potétral. 1993, Younget al. 1997,
Whitfield 1998). During extended closed phased) fispulations may also decrease
considerably due to predation. Blaber (1973a) dstexd the size of the
Rhabdosargus holubi population in the West Kleinemonde Estuary wheridsed on
two separate occasions in 1971 and 1972. In 19dbalation ofR. holubi consisting
of 55 360 individuals decreased to 11 485 indivisadter six months, while in 1972
a new stock of 14 674 individuals decreased to Q@ @ver a seven month period.
The difference was attributed mainly to predatignpliscivorous birds, particularly
cormorants, darter and heron. Despite heavy pamtabayet al. (1981) using data
from Blaber (1973a, 1974a) estimated that the bgsmaf R. holubi in the West
Kleinemonde increased in 1971 from 1.7 § tn 2.7 g nf and from 0.46 g fAto 2.8

g m?in 1972 when the mouth opened. The predation itrpapiscivorous birds on a
closed fish population has also been quantifiedhimn East Kleinemonde Estuary.
Cowley (1998) recorded a 70% reduction in the neaspawning fish population
during the winter of 1994 following an unusual isian of Cape cormorants

Phalacrocorax capensis, which are predominantly offshore marine piscigore



Kok and Whitfield (1986) sampled the fish community the warm-temperate

Swartvlei Estuary during open and closed phasewjisgine and gill nets. Generally,
marine migrant species caught in large mesh se#t® were, on average, larger in
size during the closed phase as no new recruigsezhthe population, while estuarine
resident species showed no major size differencesrding to mouth phase. Catch
per unit effort of most marine species, particylanose belonging to the Mugilidae,
decreased during the closed phase, again becauseeworecruits entered the
population. Cowley and Whitfield (2001a) also retad significantly higher numbers
of estuary-dependent marine species following a@ereled mouth opening event in

the East Kleinemonde Estuary.

The species composition, abundance and size distib of marine fishes within
southern African estuaries generally undergo sedseariations that are directly
related to migration patterns (Whitfield and Kok929. In TOCEs the seasonality of
mouth opening can also influence the seasonal rpatte fish abundance. Bennett
(1989) sampled the fish community of the seasorabgn Kleinmond Estuary, and
found that there were marked seasonal changeg ifisthassemblages. The mouth of
the estuary opened during July (1980) and remaoph during spring and early
summer. Estuary-dependent marine species alongadiidn coast breed primarily in
spring and recruit into estuaries during spring aady summer. Larvae and small
juveniles were therefore able to enter the Kleindhdfstuary during spring and
summer and remain there during the subsequentcciolsase. The timing of mouth
opening (coinciding with peak recruitment perioas}he Kleinmond Estuary meant
that the closed phase had little impact on thecsipseasonal patterns that occur in

temperate estuaries.

Fishesand river flowsin estuaries

Considerable research has been conducted on gwsefif altered river flows on fish
community structure, functioning and abundance @mnm@anently open estuaries
(Whitfield and Paterson 1995, Ter Morshuiztal. 1996, Granget al. 2000, Batest

al. 2002, Whitfield and Paterson 2003) but little whiks been conducted on TOCEs
(Whitfield 2005).



A change in river flow rate is accompanied by a&itewater flow volumes, velocity,
nutrient level, organic matter, conductivity andoidity (Ter Morshuizeret al. 1996).
River flow was found to have a major impact on sheicture and functioning of fish
communities within the permanently open Kariega aBceat Fish estuaries,
particularly in the upper reaches or river-estuatgrface (REI) zone (Whitfielet al.
2003, Bateet al. 2002). High conductivity in the REI of the Gredsh- Estuary, a
freshwater ‘enriched’ system, in which natural nfhis augmented by an inter-basin
transfer of water from the Orange River (Gramgieal. 2000), resulted in an
abundance of marine and estuarine species in hetfiREl and river above the ebb
and flow. In contrast, the REI zone of the frestevateprived Kariega Estuary was
much smaller, resulting in fewer individuals aneéaps being recorded in this part of
the system (Batet al. 2002). Similarly, Whitfieldet al. (1994) documented a higher
biomass of fish in the Great Fish Estuary compaxitti the freshwater deprived
Kowie Estuary, and this was attributed to greatdrient and organic matter input to
the Great Fish Estuary, which led to elevated Evafl primary and secondary
production.

Marais (1988) surveyed Eastern Cape and Transkeargss using gill nets and found
that catch rates, by number and mass, were pdgiteerelated with catchment size.

Estuaries with large catchments generally receieasistently more run-off, and

consequently experienced higher turbidity and losadimity, along with pronounced

salinity gradients. The highest fish catches werded in the Great Fish Estuary
(Marais 1988).

In TOCESs, mouth opening and closing is directlkdid to freshwater input. Reduced
river inflow leads to prolonged mouth closure ahdrger open phases, which inhibits
immigration and emigration of marine fish speciefween estuaries and the sea
(Whitfield and Wooldridge 1994), thus resultingameduction in species richness and
abundance. One of the major effects of impoundmentatchment areas is to reduce
the amplitude of floods in rivers and estuaries ifMid and Bruton 1989).
Freshwater may also play an essential role incit@ larval and juvenile estuary-
dependent marine species into estuaries. Indirederece suggests that fish trace
land-based cues back to an estuary by followingotfeetory concentration gradient
(Whitfield 1994a).



Whitfield (1994a) also hypothesised that larvae aneniles of estuary-dependent
species orientate towards TOCEs when closed, bygudissolved organic and/or
inorganic olfactory cues present in the estuaringewthat seeps through the sand bar
at the mouth of these systems. Without the propased associated with estuarine
and freshwater discharge, migratory fishes may hdiffeculty locating estuaries
which, if true, would have serious consequencestltiese species. Grange al.
(2000) speculated that the higher ichthyoplanktensities in the Great Fish Estuary,
when compared to the freshwater deprived Kariegaafg, was due to a combination

of stronger olfactory cues and elevated food statkise former system.

Rationale for this study

Although published research findings provide sonmelemstanding of the overall
structure, distribution and abundance of fish comitnes in TOCEs, few studies have
been conducted over a medium to long term (>10sye@lint 1985, Wolfeet al.
1987, Jackson and Jones 1999). Long-term studiew dbr an understanding of
changes in estuarine processes and physical vesiadohd their effects on fish
community structure (Flint 1985, Jackson and Jobh@39, Desmondtt al. 2002,
Power et al. 2002). In addition, numerous studies have focusedthe nursery
function of estuaries and the recruitment of lareaé juveniles into estuaries (e.g.
Wallace 1975, Wallace and van der Elst 1975, Meh&imith and Baird 1980, Day

al. 1981, Whitfield 1994a, Strydom 2003) but little ksown about the factors
governing the recruitment of estuary-dependent meafish into estuaries (Whitfield
1989a, Strydom 2003). Several researchers haveestggh that olfaction is the
primary sense responsible for the successful locatf estuarine environments
(Boehlert and Mundy 1988, Stabell 1992, Whitfie@P4a) but no experiments have

been conducted to test this theory.

The East Kleinemonde Estuary in the Eastern CapwirRe (Figure 1.2) was
selected as the study site, as it is fairly typio&lsmall temporarily open/closed
estuaries in this region, and is relatively undistéd (Cowley 1998). Despite a history
of intensive research on this estuary (Cowley 13®8wley and Whitfield 2001a,
Cowley and Whitfield 2001b, Cowlest al. 2001, Vorwerket al. 2001, Cowley and

Whitfield 2002) concerning various aspects of estgafish population dynamics,
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relatively little is known about the long-term retaships between environmental
variables and consequential changes in fish pdpakiand assemblages within this

system.

SOUTHERN AFRICA
St Lucia

East London
Port Elizabeth

1 33°30’S

" EASTERN
CAPE
PROVINCE

26°45' E 27°15'E
Figure 1.2. The location of the East Kleinemonde Estuary atheroestuaries on the
south-eastern coastline of South Africa (after Gywl998).

As part of an ongoing monitoring programme, ingthin December 1994, the fishes
of the East Kleinemonde Estuary have been sampiethriually together with
selected environmental parameters. This study deduhe analysis and continuation
of the long-term monitoring programme with fieldwarndertaken in 2004 and 2005.
This extensive data set was analysed to deterwie¢her the fish assemblages found
in a temporarily open/closed estuary are a funotiblong-term changes in physical
conditions such as the frequency, timing and damabf mouth opening events,
rainfall and water temperature. In addition, lalonaexperiments were conducted to
test the importance of olfactory cues to the larehestuary-dependent marine fish
species, using postflexidrhabdosargus holubi larvae, the dominant marine species
in most Cape TOCEs.
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Specific hypotheses tested included:

1. Fish compositions in TOCEs are a result of hisarimouth states and are
driven primarily by mouth opening events (Chapter 3

2. Extended mouth closure reduces the potential fainadarval recruitment,
which in turn reduces fish diversity and abundai@eapter 3 and Chapter 4).

3. Optimum mouth opening for fish recruitment is dgrispring (September-
November) in Cape TOCEs (Chapter 3 and Chapter 4).

4. Larval fish use olfactory cueing, along with otlpdrysical cues, to find their
way into estuaries (Chapter 5).
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CHAPTER 2
STUDY AREA
INTRODUCTION

The East Kleinemonde Estuary is a medium-sizedtlynghallow estuary situated
approximately 15 km north of Port Alfred on the #mast coast of South Africa
(Cowley 1998). The surface area of the estuaryeaarigpm 11.627 ha during spring
low tide to 26.627 ha during spring high tide (Bmoiamn, unpublished data — Figure
2.1). The mouth meets the sea at 33°3254@nd 27°0B5"E and the coastal road
from Port Alfred (R72) crosses the estuary about B0from the mouth (Vorwerk
2001). The small township of Seafield surrounds trmadsthe lower parts of the
estuary and the neighbouring West Kleinemonde Bgt(@owley 1998). A large
majority (65%) of the estuaries situated betweert Blizabeth and East London are
closed off from the sea for varying periods and Haest Kleinemonde Estuary falls
into this category (Whitfield 2000).

The estuary is navigable for about 3 km and narropstream of the lower reaches.
The widest portion is 120 m in the lower reachds Water level varies depending on
the mouth state. When the mouth is closed the wetel rises and during extended
periods of mouth closure the water level in thei@st may exceed mean sea level by
as much as 2.5 m. After a mouth opening event sheaey becomes very shallow,
with a maximum channel depth of only 1 m (Cowle@8P The cross-sectional area
of the system decreases steadily from the mouibn€d54 nf) to the head (24.5%
with an average of 82.1%tWorwerk 2001).

The catchment area is approximately 46.3°kand is relatively undisturbed
(Badenhorst 1988). It consists of a gently slophigh lying region, which is
predominantly degraded agricultural land used fattle farming, and steep sloped
stream and river valleys which are relatively utdised and covered by Valley
Bushveld vegetation (Cowley 1998). The simulatecamannual run-off from the
East Kleinemonde catchment is approximately 2 X md and is very erratic

(Badenhorst 1988). Harrisat al. (1996), using the water quality rating index, gave
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the system a water quality rating of 7.3 out of A€cause slightly elevated levels of
Escherichia coli were recorded in the system.

E Spring_low
[ ] spring_high

0 0.25 0.5 1 Kilometers

Figure 2.1. Map of the East Kleinemonde Estuary showing thdase water area

during spring low and spring high tides (after Boan, unpublished data).

CLIMATIC CONDITIONS

Temperature and wind

The coastal region between Port Alfred and Eastdbarexperiences relatively mild
summers and winters (Kopke 1988) and is influenogdhe cooling and warming
effects of the sea (Stomeal. 1998). Prevailing north-westerly winds are a tieatof
the region in both summer and winter (Stehal. 1998) and windiness reduces both
heat and humidity in summer (Kopke 1988). The maximand minimum
temperatures recorded at Port Alfred from 1994 @62were 39.7 °C (November
2005) and 0.9 °C (June 2005) respectively (Soutlican Weather Bureaun litt.).
There has been a significant positive trend in megamal maximum air temperatures
recorded at Port Alfredr{= 0.72,P = 0.001) for the period 1994-2005 (Figure 2.2).

Mean annual minimum temperatures did not show dmyioos trends. Similarly,
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average annual minimum, maximum and annual meapesatures recorded at East

London between 1960 and 2003 have increased signify (Kruger and Shongwe
2004).
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Figure 2.2. The mean annual air temperatures (°C) measur@dratAlfred for the
years 1994-2005 (South African Weather Burealit.).

Rainfall

The Eastern Cape is largely in a climatic transizone and as a result seasonality of
rainfall is less pronounced and more unpredictéida in other parts of the country
(Stoneet al. 1998). Although rainfall may occur at any timetbé year, long-term
records demonstrate an autumn-spring bimodal patieth a spring peak (Kopke
1988). The bimodal rainfall pattern for Port Alfresl depicted in Figure 2.3. The
mean annual rainfall recorded at Port Alfred betw&894 and 2005 was 662 mm (+
234 mm). The lowest annual rainfall was recordetidf9 (Figure 2.4), with only 308

mm in total and the highest in 2005 with 1288 mmaihfall recorded (South African
Weather Bureadin litt.).
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Figure 2.3. Mean monthly rainfall recorded at Port Alfred beem 1994 and 2005
(South African Weather Burean litt.).
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Figure 2.4. Total annual rainfall recorded at Port Alfred beém 1994 and 2005
(South African Weather Burean litt.).



THE COASTAL ENVIRONMENT

Coastal hydrography

Northeast of Cape Padrone (which is situated apmeately 60 km south of the East
Kleinemonde Estuary) there is a narrow, well-defirmntinental shelf (x 30 km
wide) with a steep shelf slope (Lutjeharms 1998)e Southeast coast has one of the
steepest inshore shelf areas in the subcontinesyddin and Tinley 1980). In this
area the Agulhas Current flows close inshore, ¥alhgy the shelf edge very closely
(Lutjeharms 1998). West of Cape Padrone the skesifssto broaden considerably to
form the Agulhas Bank and the current progresseslglsouthwards (Lutjeharnmap.
cit.). In this region, where the shelf moves from aaa to a wider shelf, upwelling
is induced inshore of the current forming the Pdfted upwelling cell (Lutjeharms
2006). Sea surface temperatures are extremelyblaria this area and the cold
upwelled water moves over the bottom of the AgulBask in the form of a cold
ridge (Lutjeharms 2006).

Coastal water movement tends to be wind driverheatt of Cape Padrone and water
temperature and salinity are fairly uniform duewtmd-driven mixing (Lutjeharms
1998). Despite this, there has been a positiveeas® in mean annual sea surface
temperatures (SST) recorded at Port Alfréd=(0.19,P = 0.21) between 1996 and
2005 (Figure 2.5). Sea surface temperatures hawerslan even stronger increase
further north at East London. Mean annual sea sartemperatures recorded at
Nahoon Beach (Figure 2.6) showed a significantdase between 1983 and 1993 (
= 0.36,P = 0.05), while mean annual sea surface tempemt@eorded at Orient
Beach also increased between 1982 and 1993 (FRydyealthough not significantly
(r?*=0.28,P = 0.08).
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Figure 2.5 Mean annual sea surface temperatures (°C) retamtiePort Alfred
between 1996 and 2005 (Data courtesy Ocean Africa).
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Figure 2.6. Mean annual sea surfaces temperatures (°C) retatddahoon Beach,
East London, between 1983 and 1993 (Data courtesai®Africa).
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Figure 2.7.Mean annual sea surface temperatures (°C) recatdedent Beach, East
London, between 1982 and 1993 (Data courtesy O&&#a).

Coastal hydraulics, wind and aeolian sand transport

Wind frequencies and directions that were recomegoluntary observing ships and
observed data for the Fish River Lighthouse wereduy Badenhorst (1988) to
determine aeolian sand transport and to describastalo hydraulics in the
Kleinemonde region. Waves approaching the coadtlore an oblique angle generate
a predominantly eastbound longshore current andeditnent movement is towards
the northeast. Transported sand generally accuesulatthe mouths of the East and

West Kleinemonde estuaries from the southwest.

THE ESTUARINE ENVIRONMENT

As part of a long-term study (details of the methaded in this study can be found in
Chapter 3) physico-chemical measurements were dedoin summer and winter
from 1995 to 2003. Up to five sites (in the moutwer, middle and upper reaches
and the head) were monitored along the length efestuary during each sampling
session. Bottom and surface measurements were aiadenperature (°C), salinity
(%0) and turbidity (NTU), although not all measurertsee were recorded on every

sampling session. Sampling was normally conducteding early mornings
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(approximately 06h00 in summer and 07h00 in wintand mid-afternoons
(approximately 14h00-15h00).

Water temperature was recorded in the field usingal@ohol thermometer, while
salinity (measured using a Reichert optical salietar) and turbidity (measured using
a Hach 2100A turbimeter) were measured from waterpdes. From 2004 onwards,
as part of a more detailed study (Cowéewl., unpublished data), bottom and surface
measurements of temperature, salinity and turbiitye made at six sites (refer to

Figure 2.8) along the length of the estuary orast three days per month.

As part of the long-term monitoring program, daglgtuarine mouth state has been
recorded since 1993 (Cowleyal. unpublished data; Appendix I).

Temperature

Physico-chemical parameters were not always redocdesistently each season and
year (for example water temperature was not medsar¢ghe summer or winter of
1995) and were generally averaged (across sites laoibm and surface
measurements) to give an estimate for the estuBingre was also very little
horizontal stratification in physico-chemical paeters throughout the estuary as is
evident in the temperature data (Figure 2.9). Adicay to Cowley (1998) mean
monthly temperatures in the East Kleinemonde Egtuary on a seasonal basis, with

vertical stratification slightly more pronouncedsammer.
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Figure 2.8.Map of the East Kleinemonde Estuary showing tmepdimg stations (a-q
= small mesh seine sites, 1-21 = large mesh séa®g A-F = gill net sites, P1-P6 =

physico-chemical sites sampled after 2004).
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The mean winter and summer temperatures measuredgtiout the study period
were 16.7 °C and 27.1 °C, respectively. Mean sumemperatures ranged from
25.2°C in 1998 to 29.6 °C in 1997, while winter pamatures ranged from 15.2 °C in
1996 to 17.6 °C in 2003 (Table 2.1).
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Figure 2.9. Mean (xSD) summer and winter temperature measuresnier different
localities in the East Kleinemonde Estuary. LR wéo reaches, MR = middle
reaches, UR = upper reaches. The mean was deterfinome morning and afternoon

samples collected in surface and bottom watersd®ivi 995 and 2005.

Salinity

The salinity regime in the East Kleinemonde Estuagyies from oligohaline

conditions (<5 %o) to mostly mesohaline conditioBsl8 %.), and salinity is a factor
of the amount of rainfall and the condition of tbstuary mouth (Cowley 1998).
Generally, salinity levels decline rapidly prior toouth opening events owing to
riverine input, and rise during and after mouthsal@. The final salinity levels after
mouth closure depend on the extent of bar overwagnts. During periods of
extended mouth closure, salinities throughout tsteisey tend to be fairly uniform
(Cowley 1998). Mean salinities recorded in the astufrom 1995 to 2005 are
depicted in Table 2.2 and were highly variable. Mesalinities ranged from 8.5 %o in
February 2001 to 33.5 %o in July 2004 (Table 2.2).
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Table 2.2. Mean salinities (%o) recorded in the East Kleined®restuary between
1995 and 2005. The mean was determined from moraimd) afternoon samples

collected in surface and bottom waters.

Year Summer Winter
1995 12.0 10.6
1996 16.3 18.0
1997 18.5 -

1998 26.7 22.3
1999 10.7 12.7
2000 14.9 15.0
2001 8.5 10.2
2002 12.7 28.0
2003 28.4 24.5
2004 28.8 33.5
2005 18.4 29.6

Horizontal salinity stratification was not apparérigure 2.10). However, there was a
slight difference observed between mean salinitiegke mouth region in summer and
winter. Salinities were generally lower in the nfoutgion during winter (Figure
2.10).
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Figure 2.10. Mean (£SD) summer and winter salinity measuremémtsdifferent
localities in the East Kleinemonde Estuary. LR wéo reaches, MR = middle

reaches, UR = upper reaches. The mean was deterfinome morning and afternoon

samples collected in surface and bottom watersdsivt 995 and 2005.
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Turbidity

Turbidity variations in the East Kleinemonde Esyjudnave been noted as being
extremely low (Vorwerk 2001). Mean summer turbehtiranged from 5.9 NTU in
2000 to 11.6 NTU in 2005, while winter turbiditiemnged from 1.8 NTU in 2004 to 8
NTU in 2000 (Table 2.3). These were within the mmj turbidities recorded by
Vorwerk (2001) in 1999 and 2000.

Table 2.3 Mean turbidities (NTU) recorded in the East Kixmonde Estuary
between 1995 and 2005. The mean was determined finoming and afternoon

samples collected in surface and bottom waters.

Year Summer Winter
1995 -
1996 - 12.5
1997 - -
1998 6.3 4.2
1999 6.2 3.5
2000 5.9 12.8
2001 - -
2002

2003 - -
2004 - 1.8
2005 11.6 2.9

Particle size composition

During February 2000, Vorwerk (2001) collected disent sample from each region
(mouth, lower, middle, upper and head) of the Bdsinemonde Estuary using a
coring apparatus. These samples were analysedr@@anic content and sediment
particle size distribution. Vorwerkog. cit.) found that all sites in the East
Kleinemonde Estuary contain mostly fine sands M3 mm). Generally, larger

particles such as gravel (>2 mm), coarse sand523m) and silt (<0.063 mm)

decrease from the head to the mouth of the estliag/sediment organic content also
decreased from the head to the mouth, with alkditeving a relatively low organic

content of between 0.8% and 6.5% (Figure 2.11).
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Figure 2.11. Particle size composition and organic contenthef sediments in the
East Kleinemonde Estuary (after Vorwerk 2001).

Mouth dynamics

The East Kleinemonde Estuary is separated frons¢laeby a broad sand barrier that
forms across the mouth and usually only opens aftigr heavy rainfall, which is
highly variable along the south-eastern Cape offasgpke 1988, Stonet al. 1998).
The majority of mouth opening events occurred afé@n events of more than 100
mm (Figure 2.12). When the mouth is closed seawed@r enter the system via
overwash events, which usually occur during rough sonditions when pulses of
surging waves enter the estuary (Adams 1997, Coetley. 2001). Larval fish can
only enter the estuary when the estuary is opewh@n waves sweep over the bar
(overwash). These events are classified by Belil. (2001) as estuarine access

opportunities (EAO).
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Figure 2.12. Total monthly rainfall recorded at Port Alfred Wween 1994 and 2005
(South African Weather Bureaun litt.). Mouth opening events are indicated by black

bars.

Frequency of estuarine access opportunities (EAO)

As part of the long-term monitoring program, theuasy mouth state was recorded on
a daily basis from March 1993 (Cowley al. unpublished data; Appendix I). EAO
status was recorded for each day in five categdii¢sno overwash and estuary
closed, (2) wave overwash of duration <3 h (smediravash), (3) wave overwash of
duration 3 to 6 h (large overwash), (4) estuarynoged (5) water trickling out of the
mouth (after Bellet al. 2001). Analysis of these records revealed thanomouth
conditions were recorded on average for 6% of #er yhroughout the study period,
and overwash events were recorded for 16% of the yidne mouth dynamics of the
system change on an annual basis. Between 1992998 the mouth was open for a
maximum of 12 days in 1994 to only one day in 199@ble 2.4). However,
overwash events, which usually occur during rouga sonditions (Cowlewt al.
2001), occurred fairly frequently throughout thieripd. Overwash events occurred
particularly frequently in 1994, 1995 and 1997 wlmeerwash events were recorded
23%, 56% and 16% of the time respectively (Tabig.2.
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Table 2.4.State of the East Kleinemonde Estuary mouth (ysdeecorded between
1994 and 2005.

Year | Closed|Small OT|Large OT| Open | Link EAO

1994 | 270 78 5 12 0 95
1995 | 154 188 15 8 0 211
1996 | 319 38 6 3 0 47
1997 | 296 53 5 11 0 69
1998 | 354 7 3 1 0 11

1999 | 365 0 0 0 0 0

2000 | 308 25 4 29 0 58
2001 | 259 44 1 55 6 106
2002 | 279 22 11 48 5 86
2003 | 229 53 19 64 0 136
2004 | 325 27 5 9 0 41
2005 | 179 62 34 90 0 186

Table 2.5. State of the East Kleinemonde Estuary mouth (meage) recorded
between 1994 and 2005.

Year [ Closed| Small OTLarge OT| Open Link EAO

1994 74 21 1 3 0 26
1995 42 52 4 2 0 58
1996 87 10 2 1 0 13
1997 81 15 1 3 0 19
1998 97 2 1 0 0 3

1999 100 0 0 0 0 0

2000 84 7 1 8 0 16
2001 71 12 0 15 2 29
2002 76 6 3 13 1 24
2003 63 15 5 18 0 37
2004 89 7 1 2 0 14
2005 49 17 9 25 0 51

No overwash or open mouth events were recorde®®® {Table 2.4). From 2000,
however, the frequency of these events increaggdfisantly. Open mouth events
occurred 8% of the time in 2000 to a maximum of 28R4he time in 2005 (Table
2.5). Similarly, overwash events were recorded 8%he time in 2000 and 26% of
the time in 2005 (Table 2.5).
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Table 2.6. Average waiting time (days) between EAOs in thestBdeinemonde
Estuary between 1994 and 2005.

Year | Average waiting time
1994 16
1995 33
1996 34
1997 26
1998 62
1999 270
2000 31
2001 32
2002 24
2003 13
2004 16
2005 8

For each day the waiting time (waiting time in nianbf days) to the next EAO was
calculated and plotted as per the methods of &e#ll. (2001). The waiting time
between EAOs was highly variable and ranged froro #® a maximum of 479 days
in December 1998 (Figure 2.13). As a result, trexaye waiting time per year (Table
2.6) ranged from a low of only 8 days in 2005 tmaximum of 270 days in 1999.
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Figure 2.13. Waiting time (days) between estuarine access appuities (EAOS) in
the East Kleinemonde Estuary between 1994 and 2005.
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Timing of estuarine access opportunities (EAOS)

The timing of mouth opening and overwash evenimortant for the recruitment of
marine-spawning species into estuaries. Peak tawnt of most estuary-associated
marine species into Eastern Cape estuaries oatigpring between September and
November (Whitfield 1998). Timing of these eventaswhowever, highly variable
each year (Figure 2.14; Appendix I). In 1993, opwuth conditions were recorded in
spring and summer and overwash events occurredighoait the year. Similarly,
overwash events occurred throughout the year i4,1988t the mouth opened in
summer and late winter (August). In 1995, the maitio opened in summer and an
extended period of overwashing occured from sumimevinter. In 1996 the mouth
opened in spring and overwash events occurred ¢h saason. In 1997 and 1998
overwash events again occurred throughout the yein, the mouth opening in
autumn and winter in 1997 and for only one day ec®mber 1998. No overwash or

mouth opening events were recorded between Jai@88/and March 2000.

Overwash events occurred throughout the year fro@® 20 2005. The mouth opened
for long periods in autumn and spring in 2000, inter, spring and summer in 2001,
in late winter and spring in 2002 and in autumnnted and spring in 2003. Open
mouth events in 2004 were only recorded in Decembet in 2005 the greatest

number of mouth opening events were recorded imsmnautumn and spring.
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Figure 2.14.Timing and duration of estuarine access oppoigs{EAO) in the East

Kleinemonde Estuary. 0 = closed, 1 = small overwash large overwash, 3 = open,

4 = trickling out.

Duration of estuarine access opportunities

Table 2.7.Maximum duration (days) of estuarine access oppins (EAO) in the

East Kleinemonde Estuary between 1994 and 2005.

Year | Open | Overwash| Trickling out| EAO (open +/ overvash)
1994 5 41 - 43
1995 8 201 - 209
1996 3 13 - 14
1997 6 14 - 15
1998 1 2 - 2
1999 0 0 - 0
2000 20 6 - 26
2001 21 9 5 25
2002 26 9 5 52
2003 24 10 - 45
2004 9 6 - 9
2005 31 13 - 41

The maximum duration of an open mouth event rarfgguh one day in 1998 to a
high of 31 consecutive days in 2005 (Table 2.7) aad highest between 2000 and

2005. The maximum duration of overwash events rarigem 201 consecutive days
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in 1995 to only two consecutive days in 1998. Opwuth conditions were normally
preceded and/or followed by overwash conditionsad result the average duration
of EAOs (mouth opening and/or overwash events)edrfgpom 209 days in 1995 to
only two days in 1998.

Vegetation

Although no published information is available ome tvegetation of the East
Kleinemonde Estuary, Adams (1997) conducted a hoetanical survey of the
estuary on the Z1and 22 of January 1997. The findings of that report astaited

below.

Phytoplankton

Average water column chlorophyll-a in the estuagsw.2 = 0.9 (n = 10) and was
highest in the upper reaches (5.2 + 0.6), decrgasiwards the mouth (2.7 + 0.5).
The dominant microalgal group identified in theuasy was small flagellates, which
occurred in fairly consistant numbers throughow éstuary. The number of green

algae increased towards the mouth (Adams 1997).

Submer ged macrophytes

The dominant submerged macrophyte recorded in $¥8&/MRuppia cirrhosa, which
occurred in a continuous band along both banksealioe road bridge (Figure 2.15).
The seagraddalophilia ovaliswas also present (Adams 1997). A major flash flimod
May 2003, and subsequent prolonged exposure of Riygpia cirrhosa and
Potamogeton pectinatus plants, resulted in an almost complete loss oftrmbshese
macrophyte beds (P. Cowley. pers. comm.). Recowérthe aquatic macrophytes
from seed banks has been slow and in 2006 they foered in scattered patches

along both banks.
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Figure 2.15. Map of the East Kleinemonde Estuary showing thénnmvagetation
types (adapted from Adams 1997) and location oidesdial areas (after Cowley
1998).
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Table 2.8.List of the dominant plants recorded in the Ealgtintemonde Estuary in

1997 (after Adams 1997).

Family Species Common name

Ruppiaceae Ruppia cirrhosa -

Hydrocharitaceae Halophila ovalis -

Chenopodaiceae Salicornia meyeriana Marsh samphire
Chenopodium album Seepbossie (weed)
Sarcocornia decumbens -

Cyperaceae Fuirena hirsuta -

Juncaceae Juncus kraussii Sharp rush

Juncaginaceae Triglochin striata -

Poaceae Phragmites australis Common reed
Sporobolus virginicus Brakgras
Senotaphrum secundatum Buffelsgrass/Strandkweek

Salt marsh, reeds and sedges

There are numerous houses with lawns almost tw#ter's edge in the lower reaches
of the estuary and consequently there is littlerastiglal vegetation in the mouth
region. On the east bank, below the road bridgetaad of the reedPhragmites
australis was recorded in 1997. Scatteriahcus kraussii and Sporobolus virginicus

plants occur on the west bank, which is mostly yo@kdams 1997).

A small salt marsh is located on the west bankgbsive the road bridge. Salt marsh
zonation was evident, witBarcocornia perennis forming a 1 m band close to the
waters edge, followed by a 2 m zone Sgorobolus virginicus and Sarcocornia
decumbens and then a 5 m zone duncus kraussii. Two stands ofPhragmites
australis occur on the east bank, approximately 0.5 and Irkm the mouth. Apart
from these stands, little intertidal vegetatiorrasorded because the banks are steep
and Valley Bushveld extends to the water's edgee &ast banks were found to be
grassy, with scatterefcacia cyclops trees. Dominant fringing marsh species were
Soorobolus virginicus, Salicornia meyeriana, Juncus kraussii, Sarcocornia
decumbens and the sedgésuirena hirsuta (Adams 1997)
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CHAPTER 3

FISH ASSEMBLAGE TRENDS

INTRODUCTION

The importance of estuaries as nursery areas hastrtieat these systems have been
the subject of considerable ichthyological researdtussing on the key
environmental factors affecting estuarine fish camity structure (Poweget al.
2002). Estuaries are, however, highly dynamic dmeirtphysical and chemical
characteristics can change over a scale of houyedcs (Flint 1985). Consequently
estuarine fish assemblages often exhibit large-i@gear variations in abundance
and composition (Methvest al. 2001).

Although long-term studies are important in orderunderstand the functioning of
estuaries, most fish studies in these systems tesn=d to be short in duration (1-3
years). These short-term studies have shown that esiuarine fish assemblages
undergo significant changes in community structwien related to changes in
estuarine mouth phase, flood events, season ejcMarais 1983, Kok and Whitfield
1986, Potteet al. 1993). Long-term studies have shown that altharygiic patterns
of interannual variation may be observed, and thase often related to random
climatic events, such as severe storms, drouglisl winters, etc., longer term
climatic trends, such as El Nifio events and gleaming result in a restructuring of
fish assemblages (Nichols 1985, Jackson and J&8ds Vancest al. 1996, Warwick
et al. 2002, Garciat al. 2003, Hawking®t al. 2003).

The most important environmental variables struetuestuarine fish communities in
temporarily open/closed estuaries (TOCES) areithing, duration and frequency of
mouth opening events (e.g. Wallace and van der1B86, Beckley 1984, Kok and
Whitfield 1986, Younget al. 1997, Griffiths 1998). Mouth opening events allow
juvenile fish to recruit into estuaries and adighfto migrate seawards. It is argued
that an extended open phase will increase theillietl of more fish entering the

estuary. This may be even more apparent if the Imisubpen during a period of peak
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recruitment. Similarly, the frequency of estuaryenmgs may affect the abundance
and diversity of fish entering estuaries (Griffidrsd West 1999, Griffiths 2001).

In this chapter, long-term interannual changesichness, abundance, diversity and
structure of the fish community in the temporandgen/closed East Kleinemonde
Estuary is described. Emphasis is placed on irgestg linkages between
environmental variables and changes in fish abureldhis hypothesised that annual
patterns of marine fish abundances are driven byithing, frequency and duration
of mouth opening events. Specifically, that an edezl mouth closure reduces the
potential for marine larval recruitment, which iart reduces fish diversity and
abundance, and optimum mouth opening for fish rieoant is during spring
(September-November) in Cape TOCEs. Based on prewmrk (Vorwerket al.

2001) seasonal trends in fish composition shoulddsent and this is tested.

MATERIALS AND METHODS

| chthyofaunal sampling

As part of an ongoing monitoring programme, théndis of the East Kleinemonde
Estuary were sampled bi-annually, during wintem@wuly or August) and summer
(December, January or February), on two consecudtys, between December 1994
and July 2005.

Different gear types have been used to sample rastufish assemblages, ranging
from seine (e.g. Bennett 1989, West and King 188&thvenet al. 2001) or gill nets
(e.g. Marais and Baird 1980, Marais 1981) to aesaftdifferent net types (e.g. Kok
and Whitfield 1986, Robertson and Duke 1990, Pattel Hyndes 1994, Whitfielet

al. 1994). Fish communities are often inadequatelyrilesd when only a single net
type is used. For example, gillnets tend to becsgke for more mobile fish that
actively avoid seine nets and are found in the eeepgions of the estuary, while
beach seines often catch many slower moving pekgcies (Methvest al. 2001).
Hence sampling using a variety of collection methmdpreferable to survey as many
species as possible. In this study, two differgpes of beach seines and a fleet of gill
nets were used to sample as many and as great easige of fish as possible over a

range of different habitat types.
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A large mesh seine net (50 m x 2 m) with a 15 mmrbash was used to sample
marine-spawning and freshwater species. The nuwiblrge mesh seine net hauls
per sampling trip usually varied between 8 andviif the final number dependant
on access to sampling sites, as well as a flatieafnthe species: sampling effort
curve. On some occasions when the mouth was cksegtal sites were completely
submerged and during the open mouth phase sonsensste completely exposed. On
all sampling occasions all possible littoral hatsitan the lower, middle and upper
reaches of the estuary were sampled. The net uwhsla semi-circle from the bank
using a small motorized boat and then hauled adhptaree to four people. All fish
caught were identified and measured to the neandbietre standard length (SL)
before being released. Where large catches of@espeere made, only a sub-sample
was measured, although all individuals were coun@uivley (1998) conducted a
more intensive survey of the estuary, sampling mgnbetween April 1993 and
March 1996, using the above seine net and thesewkae also analysed to determine

if any seasonal trends were apparent in the data.

A small mesh seine net (30 m x 2 m) with a 5 mmrbash was used to sample
estuarine-spawning species. The number of smalhreeme hauls per sampling trip
usually varied from six to 10. The sampling protoaas identical to that used with
the large mesh seine net, except the fish captuwe@® kept and returned to the
laboratory where they were identified and measyrech SL). Again, where large
catches of a species were made only a sub-sampie memsured and the rest

enumerated.

Monofilament gillnets were used to sample largeiimuals of marine-spawning and

freshwater species, especially those species thakely avoid seine nets. The nets
were 10 m in length and 2 m in depth and consist@dree equal sections of 45 mm,

75 mm and 100 mm stretch meshes. Generally twowets set in each of the lower,

middle and upper reaches of the estuary. Gillnet®wet in the evening and retrieved
the following morning. All fish caught were idendifl to species level and measured
(mm SL).
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Data analysis

Richness and diversity indices
Data collected from all gear sets were combinedvestigate interannual trends in

community composition and diversity. Thereafterarggets were analysed separately.

Seasonal trends

Monthly fish abundance data (catch per unit effo@PUE) from the April 1993 to

March 1996 large mesh seine subset collected byl&yo{#998) were analysed using
classification and ordination in the PRIMER packa®&ersion 5.2.9, Plymouth

Marine Laboratory, Plymouth, UK) (Clarke and Gor2§01) to determine if monthly

samples exhibited a seasonal pattern. In the coofeSouth Africa the four seasons
were: summer (December to February), autumn (MaocMay), winter (June to

August) and spring (September to November). Pooclassification and ordination

CPUE data were root-root transformed and the Brasti€ similarity measure was
used to produce an association matrix. Possiblsosea patterns were examined
using dendrograms, non-metric multidimensional isga(lnMDS) and analysis of

similarities (ANOSIM).

Annual trends

Kendall's coefficient of concordanc&Vf was used to examine annual variation in
rank abundance of the eight species that occull sampling years. Spearman rank
correlation coefficients were also calculated taraime differences between all pairs
of years. Analysis of variation in species compositvas based on annual abundance
indices of all species caught during the 11-yead\speriod (December 1994 to July
2005). The index of abundance calculated for egties was the annual mean
CPUE of all seine hauls. Individual species CPUEsavalso divided by total species
CPUE to determine the percent contribution of eaphcies to the annual fish
community. Several diversity indices were calcudt® each sampling year: the total
number of species (S), the Shannon-Wiener diveirsitgx (H"), the Margalef species
richness index (D) and Pielou’s eveness (J°); éisé three indices used lom their

formulation
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Fish assemblage structure and environmental variables

Annual large mesh seine CPUE data (summer, wimempaoled summer and winter
samples) from all the sampling stations betweerebder 1994 and July 2005 were
fourth root transformed and ordinated using the-matric multidimensional scaling
(nMDS) techniques in the PRIMER package (VersioR.%. Plymouth Marine
Laboratory, Plymouth, UK) (Clarke and Gorley 200d fdetermine differences in fish
assemblages between years based on the timingjotuend frequency of mouth
opening events. Fish assemblages were related uthrpening events from the year
preceding sampling because fish caught in the larggh seine net were large enough
to have recruited into the estuary in the yearguterg sampling. According to Clarke
and Warwick (1994) fourth root transformation emsuthat the ordination reflects
trends in abundance of all fish species insteashefor two species that dominate the
catches. Prior to ordination the Bray-Curtis simiijameasure was used to produce
the association matrix. Analysis of similaritiesNASIM) was used to test whether
the fish assemblages separated in the nMDS ordmatere significantly different
from each other. Similarity percentages (SIMPERYewvaesed to determine which
species were most responsible for the Bray-Curissimilarity between groups
(Clarke and Warwick 1994).

Two multivariate measures of community stress wase calculated, the index of
multivariate dispersion (IMD, Clarke and Warwick9) using the MVDISP routine
in the PRIMER package and the index of multivarisgéeiation (IMS, Clarke and
Warwick 1994) using the RELATE significance teshe$e indices were used as
multivariate indices of stability as per the methodl Warwicket al. (2002). The IMD

is used here as a measure of interannual variabiliie index contrasts the average
rank of similarities among one set of samples (19986, 1998-2000) with the
average rank among another set (1997, 2001-200®seTgroupings were identified
in the nMDS plot. The IMD has a maximum value ofwiien all similarities among
the first group of samples are higher than anylanities among the second group,
the reverse gives a minimum value of —1, and vahgzs zero indicate no difference

between the two groups (Clarke and Warwick 1994).

The IMS is a measure of the degree to which comtyurhiange conforms to a

perfectly linear sequence. If the community changél time exactly match this
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linear sequence (e.g. sample 1 is close in compodid sample 2, samples 1 and 3
are less similar etc.) then the IMS has a valué.df there is no discernible biotic
pattern then the IMS will be close to zero (Claked Warwick 1994). Spatial
breakdown of the seriation pattern has been sugdiest a measure of community
stress and is used by Warwiek al. (2002) to examine interannual changes in
community composition. Community composition in opear is assumed to be
determined by biological mechanisms such as reptamuand species interactions
during the preceding year, resulting in a serigtgoa of interannual community
change. Disturbance will result in a breakdown fuk tseriation (Warwicket al.
2002).

As a final measure of fish assemblage structurangdbs in functional diversity were
assessed. Functional diversity is the value anderaof functional traits of the
organisms present in an ecosystem (Bremgieal. 2003, Dumayet al. 2004).
Bremner et al. (2003) investigated differences in feeding mecérasi between
assemblages, which are thought to be one of theatgmocesses structuring marine
ecosystems. These analyses have been used toigategtollution effects, habitat
modification, fishing impacts and variability in\eronmental parameters (Schlosser
1982, Livingston 1997, Mistit al. 2000, Chicharet al. 2002). Each species caught
in the large mesh seine net was classified asrefdezling predominantly on fish
(piscivores - group 1); seaweed, seagrass, weégle,adiatoms or dinoflagellates
(herbivores - group 2); crustaceans, sponges, dtes¢ cnidarians, molluscs, benthic
crustaceans, echinoderms, insects and worms (ztioberes - group 3); hydroids,
planktonic crustaceans and other planktonic inbeates, fish eggs and larvae
(zooplanktivores — group 4) or decaying organic terabnd microphytobenthos
(detritivores - group 4), based on the hieraradhioad items table in FishBase
(Froesa and Pauly 2006). Mean annual CPUE valugs ten summed for each

trophic group and ordinated using nMDS (in the sama@ner as the species data).

39



RESULTS

Species composition

A total of 33 species from 18 families were recordethe East Kleinemonde Estuary
between 1996 and 2005 (Table 3.1). Between 16 &rgp&cies were caught annually
depending on the year (mean = 19.5, SD = 3.3). Tyvene species were caught in
large mesh seine nets, 10 in small mesh seineandtd 7 in gill nets. The small mesh
seine net was found to be selective for small estedish between 10 mm SL and
149 mm SL (Mean = 35.3 mm SL, SD = 10.5), while lgmge mesh seine net was
selective for juvenile marine fish between 21 mmé&#id 570 mm SL (Mean = 105
mm SL, SD = 44.6). Gill nets were selective fogkr, more mobile fish between 64
mm SL and 930 mm SL (Mean = 223 mm SL, SD = 120).

The sampling regime used throughout this long-tetady was sufficient to sample
the variability in assemblages between sites arat tie. On average, eight large
mesh seine and six small mesh seine net hauls emr@ucted per sampling trip,

while an average of six gill nets were set eachpdiaug trip. The number of large

mesh seine hauls required each sampling trip taimi5% of the species recorded
ranged from 1 to 9 (mean = 4.4, SD = 2). The nundfesmall mesh net hauls

required to obtain 75% of the species recordededriigom 1 to 4 (mean = 2.1, SD =
0.9), while the number of gill nets required toiaek 75% ranged from 1 to 5 (mean
=2.9,SD = 1).

In terms of the number of species recorded Mugtlidad Sparidae were the most
important families, with eight and four speciesameled respectively, followed by
Gobiidae represented by three species. The rengafamilies were represented by
one or two species each. The dependence of fistiespen estuaries ranges from
complete to opportunistic. Whitfield (1994b) divileSouth Africa’s estuary-
associated species into five categories dependinth@r degree of dependence on
estuaries (Table 3.2). Marine species whose juesrdre dependent on estuaries to
varying degrees (Categories lla, Ilb and lic) wiae most numerous species recorded
and collectively comprised 64% of the species. &ste resident species that are able
to breed and complete their life cycle within atuasy (Categories la and Ib) together

comprised 18% of the species recorded. Three fraEhwspecies were recorded,
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namely Oreochromis mossambicus, Glossogobius giuris and the introduced spotted
bass Kicropterus punctulatus). Myxus capensis was recorded as a catadromous
species because it spends the majority of itgrifew salinity regions (estuaries and
rivers) but returns to the sea to breed (Paiteal. 1990). Two marine ‘stragglers’,

Pseudorhombus arsius andPomadasys olivaceum, were also recorded.

The majority of species recorded (42%) were tho#t & subtropical to warm-
temperate distribution. Widespread species, whituoall around southern Africa,
were also abundant (39%). Fourteen of the 33 speweorded are endemic to
southern Africa, with one specieSyngnathus watermeyeri, only occurring in a few
estuaries along the Eastern Cape coast. Five neeiespof tropical fishes that
typically occur from the Transkei in the south teetequator in the north were
recorded in the catches from 1999 onwards. Of tliese Valamugil cunnesius and
Liza macrolepis were recorded in catches almost every year afd@2 2and were

found in both summer and winter samples.

The ten most abundant species caught werkehristella aestuaria, Atherina
breviceps, Rhabdosargus holubi, Glossogobius callidus, Myxus capensis,
Monodactylus falciformis, Oreochromis mossambicus, Liza richardsonii, Liza
dumerili and Lithognathus lithognathus. These species were consistently recorded

throughout the study period.
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Table 3.1.Fish species recorded the East Kleinemonde Estuary between 1996 and
2005 using a range of gear types. Range and catégiken from Whitfield (1998).
*Indicates southern African endemic species. S bti®pical, W = Warm-temperate,
C = Cool-temperate. For a description of estuadependence categories see Table

3.2. Tropical species are highlighted in grey.

Family Scientific name Rangg

Clupeidae Gilchristella aestuaria* SIwWIQ  la
Atherinidae  |Atherina breviceps* SIWIQ b
Sparidae Rhabdosargus holubi* S/wWIgQ  lla
Gobiidae Glossogobius callidus* SIW Ib
Mugilidae Myxus capensis® SIW| Vb
Monodactylida{Monodactyl us falciformis SIW | lla
Cichlidae Oreochromis mossambicus  |[S/W/Q IV
Mugilidae Liza richardsonii* S/wigq  llc
Mugilidae Liza dumerili S/W lla
Sparidae Lithognathus lithognathust |S/W/Q  lla
Mugilidae Mugil cephalus S/wWIQ  lla
Soleidae Heteromycteris capensist  [S/W/G  lib
Soleidae Solea turbynei** S/wIQ  lib
Haemulidae |Pomadasys commersonnii SIW lla
Syngnathidae |Syngnathus watermeyeri* w la
Carangidae [Lichiaamia S/IWIQ  lla
Gobiidae Psammogobius knysnaensis* [S/W/Q  Ib
Hemiramphida|Hypor hamphus capensis* SIW la
Mugilidae Liza tricuspidens* SIW| lib
Sciaenidae  |Argyrosomus japonicus SIW| lla
Sparidae Rhabdosargus sarba* S/IwW lla
Carangidae |Caranx sexfasciatus* S/W| lib
Elopidae Elops machnata S/IW lla
Haemulidae [Pomadasys olivaceum® SIW 1]l
ParalichthyidagPseudorhombus arsius S/W i
Pomatomidae [Pomatomus saltatrix S/wWIg lic
Sparidae Diplodus sargus capensist  [S/W/Q  lic
Centrarchidae [Micropterus punctulatus ~ [S/W/Q IV
Mugilidae \Valamugil cunnesius S lla
Mugilidae \Valamugil robustus* S lla
Mugilidae Liza macrolepis S lla
Gobiidae Glossogohius giuris S v
Teraponidae |[Terapon jarbua* S lla

* Previously known aSolea bleekeri
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Table 3.2 Estuary-association categories of southern Afridetn fauna (after
Whitfield 1994b).

<

Category Description

| Estuarine species which breed in southern Afriestnaries. Further subdivided into:
la. Resident species which have not been recosgad/ning in marine or freshwater
environments.

Ib. Resident species which also have marine ohivater breeding populations.

I Euryhaline marine species which usually breedest with the juveniles showing varying
degrees of dependence on southern African estudfigsher subdivided into:
lla. Juveniles dependant on estuaries as nurseag.a
lIb. Juveniles occur mainly in estuaries, butas® found at sea.
llc. Juveniles occur in estuaries but are usualtye abundant at sea.

1l Marine species which occur in estuaries in dmaimbers but are not dependent on these
systems.

v Freshwater species, whose penetration intoaeigts! is determined primarily by salini
tolerance. This category includes some specieshwimiay breed in both freshwater and
estuarine systems.

Y Catadromous species which use estuaries as ttremsies between the marine and
freshwater environments but may also occupy edsain certain regions. Further
subdivided into:

Va. Obligate catadromous species which requireshfvater phase in their development.
Vb. Facultative catadromous species which do nquire a freshwater phase in thei
development.

Species diversity
Largely as a result of the increase in tropicacgserecorded in the estuary, there has

been a significant increase in the number of sga@eorded since 19962(: 0.78,P
= 0.0006) (Figure 3.1).
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Figure 3.1. Total number of species recorded from all net sype the East
Kleinemonde Estuary between 1996 and 2005.

Large mesh seine net

Seasonal trends

The number of species caught (Figure 3.2a) in niprittge mesh seine samples
between April 1993 and March 1996 was slightly leigim winter, with an average of

24 (SD = 2.6) species recorded. An average of ddlyspecies (SD = 9.2) were

recorded in summer, although these trends wersigoificant (ANOVA, F = 0.84,P

> 0.05). In contrast, the large mesh seine net CRUOEased in summer and autumn,
and decreased in winter and spring (Figure 3.2bai this trend was not significant

(ANOVA, F = 1.18,P > 0.05).

Classification based on monthly CPUE revealed gaahples taken between May
1993 and September 1993 separated from samples ialkether months at ~ 72%
similarity (Figure 3.3). Samples taken in July 1281 1995 did not fall into either of
the two groups. Ordination did not separate sumraatumn, winter and spring
samples (Figure 3.4). ANOSIM revealed that fisheasslages in different seasons
were not significantly different (Glob& = 0.02,P = 0.40).
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Figure 3.2. Histograms depicting (a) the number of specieglesaand (b) average
CPUE from the large mesh seine net in the EasnKtaonde Estuary between 1993

and 1996. Errors bars indicate the range in values.
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Figure 3.3.Classification of monthly large mesh seine net CRidEa from the East
Kleinemonde Estuary between April 1993 and Marc8619
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Diversity and stability trends

A total of 19 673 fish, represented by nine familéand 21 species were caught in the
large mesh seine net between 1995 and 2005 (T&ad)leNdean species richness over
the sampling period was 11 (+ 3.2) with a significencrease in species richness (S)
between 2000 and 200%*E 0.85,P = 0.01) (Figure 3.5). Similarly, there was a
positive, although not significant, increase in Margalef index between 2000 and
2005 (? = 0.52,P = 0.10). The Shannon-Wiener index and Pileou’'sness index
varied each year but did not show significant teewith time (Figure 3.5).

The overall mean CPUE varied on an annual basigi(€i3.5) and this reflected the
considerable variation in the CPUE for individupksies (Table 3.3). CPUE f&t
holubi peaked in 1998 (135.6 fish/haul) and 2003 (26&HM/fiaul), while CPUE for
the mugilidsL. richardsonii andL. dumerili peaked in 1998 and 2004. Peak CPUEs
of 7.7 fish/haul and 24.3 fish/haul were recorden E. lithognathus and M.
falciformis respectively in 1997. Peak CPUE #dr capensis was recorded in 2004
and in 2002 foMugil cephalus.
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Figure 3.5. Annual trends in the number of species (S), thegslef richness index
(D), the Shannon-Wiener index (H’), Pielou’s Evenesdex (J) and mean total
CPUE (£SD) from large mesh seine net samples taketne East Kleinemonde
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Table 3.3.Mean annual CPUE for all species caught in thgelanesh seine net in the

East Kleinemone Estuary between 1995 and 2005€sabown are fish/haul).

Species 19951996| 1997| 1998 1999| 2000| 2001| 2002| 2003 | 2004{ 2005
/Ar gyr 0somus japoni cus 0 0 0 0 0 0 0 0 0 01 0.1
Caranx sexfasciatus 0 0 0 0 0 0 0 0 0 0 0.]
Diplodus sargus capensis 0 0 0 0 0 0 0 0 0 0.1 0
Lichia amia 0.5 0 0 0 0 0 0 0 0 0 0.3
Lithognathus lithognathus 15| 09| 77| 28| 240 1. o4 0B 18 21 31
Liza dumerili 02| 08| 46| 133 08 09 1B 1f7 16 6.6 3.9
Liza macrolepis 0 0 0 0 0 0 0| 01 0.1 0 0.1
Liza richardsonii 06| 41| 51| 244 32 00 1p 1/8 58 1.0 3.3
Liza tricuspidens 0 0 | 03 0 0 0 04 04 08 0B 1J0
Monodactylus falciformis 12| 04] 243 96 | 13.2| 73| 08| 06| 22| 414 27
Mugil cephalus 0.1] 0.2| 0.8 0 0.1 2 01 6P 140 09 Q.2
Myxus capensis 02| 26| 16.3 0.3 | 89| 34.8 2.7 | 25.2| 19.5| 82.6| 18.8
Oreochromis mossambicus 0 37| 28| 14| 28 01 02 oO0op 84 00 34
Pomadasys commersonnii 0 0 01| 04| 0.1 0 03 02 038 03 01
Pomadasys olivaceum 0 0 0 0 0 0 0 0 0 0 0.1
Pomatomus saltatrix 0 0 0 0 0 0 0 0 0 0.1 0
Rhabdosar gus holubi 53.3| 25.4| 97.0|135.6| 88.6| 40.2| 21.3| 22.8|264.4| 54.1| 30.2
Rhabdosargus sarba 0 0 0 0 0 0 0 0 0 0 0.1
Terapon jarbua 0 0 0 0 0 0 0 0 0 0 0.1
\Valamugil cunnesius 0 0 0 0 0.1 0 0 0 0 0.2 O0.L
\Valamugil robustus 0 0 0 0 0 0 0| 0.1 0 1.2 0

The coefficient of concordance, an index of comrwusiability, among the rankings
of the top 8 species from all eleven years of samgpindicated a 57% (0.57)
concordance in the East Kleinemonde Estuary owee.tiA concordance of 100%
would have indicated no change in species rank thnestudy period (Kendall 1962).
Kendall'sW was higher for the period 2001-2005 (0.72) tha®5:2000 (0.61).
Spearman rank correlations for all possible paifsyears showed significant
differences in 22 out of 121, also indicating sanitank order of abundance for the

different species each year.

The dominant species wBbabdosargus holubi and comprised more than 50% of the
catch in all years except 2000, 2002, 2004 and 2095years whenR. holubi
comprised less than 50% of the catlelyxus capensis comprised a large proportion of
the catch (Figure 3.6). Other dominant species wdamodactylus falciformis,
comprising between 0.7% (2003) and 15% (1997) ef ¢htch and.ithognathus
lithognathus comprising between 0.4% (2002) and 4.8% (1991hefcatch.
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Figure 3.6. Annual catch composition (%) of species caugtthalarge mesh seine
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Length composition

Average lengths dRhabdosargus holubi, Monodactylus fal ciformis andLithognathus

lithognathus were highest in 2001 (Table 3.4), following a pdrivhen the mouth of
the estuary had only opened for a single day betvwe@ecember 1998 and 28 March
2000. Minimum average lengths for these specie® werorded in 2005, 2003 and

1995 respectively. In these years extended operthmmanditions (8-31 days, see

Table 2.7, Chapter 2) were recorded. Mugilid spmecMyxus capensis, Liza

richardsonii, Liza dumerili and Mugil cephalus, showed no obvious trends in mean

size.

Table 3.4.Average length (mm SL) of the seven most abungpeties caught in the

large mesh seine net in the East Kleinemonde Bshetween 1995 and 2005.

Year [R. holubi|[M. capensis|M. falciformis|L. richardsonii|L. dumerili L. lithognathus|M. cephalus|
1995 77.3 220.6 61.2 164.6 256.0 64.9 124.5
(x11.9) | (¥53.5) (x13.5) (+85.8) (x12.7) (£25.7) (x14.9)
1996 81.3 134.4 68.4 75.2 123.5 72.6 154.7
(x16.4) | (¥15.7) (x19.7) (+26.7) (+21.6) (+45.9) (x12.7)
1997 79.0 147.4 86.1 135.1 123.0 157.3 169.6
(x16) (+47.8) (x25.8) (+35.4) (x21.1) (£29.2) (£57)
1998 93.0 163.5 68.7 142.6 160.2 179.4
(x18.7) | (¥82.7) (x24.5) (+26.9) (x25.2) (x49.4) -
1999 83.9 150.1 74.6 148.1 177.9 184.3 357.5
(+14.6) (£51) (x12.1) (+28.9) (+48.5) (+30.8) (x20.5)
2000| 102.2 161.2 99.3 184.2 234.1 238.7
(x15.1) | (¥38.7) (x15.3) - (x22.1) (+68.2) (£52.2)
2001| 112.9 165.1 108.7 156.8 159.7 273.3
(£15.1) | (£28.7) (£22) (+44.3) (£26.2) (+61) 280.0
2002| 78.1 174.6 67.5 147.3 123.1 241.6 153.7
(x12) (£33.4) (x20.8) (x40) (£25) (+90.7) (+60.8)
2003| 87.6 127.4 54.9 166.4 149.0 101.1 142.6
(x15.6) | (¥27.4) (+15.6) (+53.9) (+18.5) (x12.2) (x43.7)
2004| 81.0 152.6 67.1 130.2 143.3 136.1 155.6
(x12.4) | (¥26.2) (x11.7) (+29.5) (£31) (£50) (x23.4)
2005| 68.6 138.8 71.4 153.1 134.8 150.9 159.0
(x7.1) (£30.5) (x14.5) (+30.8) (+28.6) (£38.4) (x13.1)

Fish assemblage structure

The nMDS ordinations showed similar patterns oériabnual community change in
both summer and winter (Figure 3.7) and as a resufimer and winter samples were
pooled to examine mean annual patterns (Figure BMIDS ordination separated the

fish community into two main groups based on whethe mouth was open in spring
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of the previous year (1997, 2001-2005) or only opemther seasons (1995-1996,
1998-2000) (Figure 3.8). These groupings were alsviegardless of the frequency
and duration of mouth opening. For example, the71fg$h assemblage grouped with
the 2003 fish assemblage despite the fact thatnitieth had only opened for three
days between September 1996 and November 1996¢ Wwatlveen September and
November of 2002 the mouth was open for 32 dayhodigh no opening events were
recorded in the spring of 2004, the 2005 sampleggd with ‘spring’ years. This was
probably because marine overwash events were medandhe spring of 2004 and the
mouth was open for extended periods in 2005 (seger&i2.14, Chapter 2 and
Appendix 1).

ANOSIM revealed that the fish assemblages groupedMDS (spring and other
years) were significantly different (GlobRl= 0.54,P < 0.002). Data analysis using
the SIMPER routine showed that nine spechMgxus capensis, Liza tricuspidens,
Rhabdosargus holubi, Liza richardsonii, Monodactylus falciformis, Liza dumerili,
Mugil cephalus, Pomadasys commersonnii and Lithognathus lithognathus, accounted
for 83% of the dissimilarity between these two gnogs. Species richness was also

highest in the “spring” years (Figure 3.5).

Of the nine ‘discriminating’ species, mean annuBIUE forLiza tricuspidens, Myxus
capensis, Mugil cephalus, Pomadasys commersonnii and Lithognathus lithognathus
were generally higher in the ‘spring’ years, althlourends were only significant for
L. tricuspidens (P < 0.001) which was completely absent from catchebe ‘other’
years (Figure 3.9). Mean annual CPUE fimabdosargus holubi, Monodactylus
falciformis andLiza dumerili were fairly even during both periods, while meanual
CPUE forLiza richardsonii was greater in the ‘other’ years (although notistiaally

significant).

Interannual variability was higher in the ‘othegars than the ‘spring’ years, giving a
positive value for the IMD (0.573), thus rejectithgg null hypothesis of no variability

differences between groupings. The index of muliata seriation (IMS expressed as
the Spearman rank correlation coefficignj, was only 0.3 (p = 0.12) between 1995

and 2000, indicating no correlation with a lineaggence during this period. In
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contrastps was 0.51 (although not significant, p = 0.08) kedw 2001 and 2005
indicating a more linear sequence during this gerio

Summer W SHes Winter @ 3 o
_‘ 2002,
‘\% E‘ @
@ |*Q
1995 @
@/ ‘199 Q\@
(2@ @Z) @
j Other years O Spring years <> Spring Overwash

Figure 3.7. Ordination of the mean large mesh seine net anGRAJE data, for

summer and winter sampling, from the East KleinedeoBstuary (between 1995 and
2005).
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Figure 3.8. Ordination of the mean large mesh seine net an@R&IE data (pooled

summer and winter samples) from the East Kleineradestuary (between 1995 and
2005).
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Table 3.5. Feeding groups of East Kleinemonde marine fistataaken from the

hierarchical food items table in FishBase (FroeskRauly 2006).

Piscivores Herbivores Zoobenthivores Zooplanktivore | Detritivores

Group 1 Group 2 Group 3 Group 4 Group 5

Argyrosomous Diplodus sargus | Lithognathus Monodactylus Liza dumerili

japonicus capensis lithognathus falciformis

Caranx Rhabdosargus Pomadasys Liza

sexfasciatus holubi commer sonnii macrolepis

Lichiaamia Rhabdosargus Pomadasys Liza

sarba olivaceum richardsonii

Pomatomus Terapon jarbua Liza

saltatrix tricuspidens
Mugil
cephalus
Valamugil
cunnesius
Valamugil
robustus
Myxus
capensis

The nMDS ordination of the trophic group data (Fe&gB3.10) showed no obvious
groupings, as were apparent in the species congositdination (Figure 3.8). This
was probably because there are only five trophaugs, each with relatively few
species (Table 3.5), and the system was fairlylestatth time. Superimposing annual
CPUE for the vegetation-associated taxa (Group @ @moup 4) indicates that
abundance of these groups was highest in 1997-H9@P 2003 (Figure 3.10a).
Abundance of these groups was also much highehénsummer of 2003 (238
fish/haul) than in the winter of 2003 (29 fish/HawA flood in May 2003 destroyed
many of the submerged macrophytes in the estuadlynaaly account for the low
CPUE recorded for these groups in winter 2003 arzDD4 and 2005. In contrast, the
highest CPUE value for detritivores was recordeddf4 (Figure 3.10b), a year after

the episodic flood event when submerged macroptoiterage was at a minimum.
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Figure 3.1Q Ordination of the large mesh seine net annualptesnbased on the
trophic composition of fish communities as per EaBI5, with superimposed circles
of increasing size with increasing CPUE of (a) tatien-associated taxa (groups 2
and 4) and (b) detritivores.

Small mesh seine net

Annual trends

A total of 92 689 fish, represented by 10 speadiesfeight families were recorded in
small mesh seine net samples between 1996 and (d@te 3.6). The number of
species caught annually varied from five to sevaran = 6, SD = 1). The annual
composition of catches from 1996 to 2005 are degdioh Figure 3.11Gilchristella
aestuaria was the most abundant species recorded and cadphstween 33%
(1996) and 94% (2005) of the catchtherina breviceps, which is also a small
shoaling species, ranged between 33% (1996) to ®ly(2005) of the catch. The
gobiid, Glossogobius callidus was the third most abundant species and compuged

to 15% of the small mesh seine net catch.
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Figure 3.11.Annual catch composition (%) of species caughth@asmall mesh seine net in the East KleinemondaaBsbetween 1996 and

2005.
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Table 3.6.Mean annual CPUE for all species caught in thellsmash seine net in
the East Kleinemonde Estuary between 1996 and @@ées shown are number of

fish per haul).

Species 1996 1997 | 1998| 1999 2000 2001 [ 2002| 2003 | 2004 | 2005
Atherina breviceps 97.2| 309.4 75.8| 74.9| 94.8 41.2 295/849.1217.2| 89.2
Micropter us punctul atus 0 0 0 0 0 0 0 0 0 0.1
Gilchristella aestuaria 97.5 | 728.9 105.0| 587.6( 790.3| 293.9| 642.3| 720.3| 293.3|1662.1
Glossogobius callidus 42.8] 120.4 30.1| 75| 13.7 6.4 36.8 21461.1| 0.0
Heteromycteris capensis 0.7 0 0.9 0 0 0.7 0 0 0.6 0.6
Hyporhamphus capensis 0 0 0 0 0 0 0 0.3] 0.4 0.
Oreochromis mossambicus 15| 71| 0.3 0 81 08 90 249 25 0]1
Psammogobius knysnaensis | 51.5| 0.1 0 0.3 0 0 0.1 0.9 1.0 02
Solea bleekeri 02| 03] 09 0 0.1 0 0 1.4 25 o4
Syngnathus water meyeri 0.2 0.8 1.0 0.9 0.4 0.1 0 0.1 (0 (

Although mean annual CPUE for all species variedyes were consistently higher
for Gilchristella aestuaria and Atherina breviceps (Table 3.6). In 2005 an
exceptionally high catch db. aestuaria (mean fish per haul = 1662) was recorded,
while CPUE for other species was much lower. Thghlgatch ofG. aestuaria in
2005 led to a peak in total CPUE in this year (Feg8.12).

2500
2000

1500 -

CPUE (fish/haul)
[EEN
o
o
o

500 ~

0 T T T T T 1
1994 1996 1998 2000 2002 2004 2006

Year

Figure 3.12. The mean annual CPUE (£SD) for all fish caughthe small mesh
seine net in the East Kleinemonde Estuary betw8866 and 2005.
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The estuarine pipefistgyngnathus watermeyeri, was recorded in small numbers in
the small mesh seine net. Maximum catches werededdn 1998, when 1 fish/haul
were caught (Table 3.6). This species disappeaoed €atches after a flash flood in
May 2003 destroyed many of the submerged macrophythich are the principal

habitat forS. watermeyeri (Whitfield 1995).

Length composition

The mean annual size Gfilchristella aestuaria varied from 28.4mm SL in 1999 to
37.6 mm SL in 2005, while the mean annual siz&tbérina breviceps caught varied
from 30.6 mm SL in 1996 to 42.6 mm SL in 2005 (BaBl7). The majority o.
aestuaria individuals captured in most years were mature @aret one year old. The
exception was 1999, when 50% of the individualstwagal were immature and less
than one year old. In contrast, all of the indigtiucaught in 2005 were mature.
breviceps catches were dominated by immature individualamiost years except
2005, when the majority of individuals sampled wergure. The mean annual size of

Glossogobius callidus andPsammogobius knysnaensis was more variable.

Table 3.7.Average lengths (mm SL) of the four most abundgpeicies caught in the

small mesh seine net in the East Kleinemonde Bshetiwveen 1996 and 2005.

Year|Gilchristella aestuaria| Atherina breviceps |Glossogobius callidus| Psammogobius knysnaensis
1996 33.1(+9.2) 30.6 (£6.2) 41.5 (£13.4) 34.6 (£8.2)
1997 33.2 (¥4.7) 35.8 (£9.2) 46.0 (£9.6) 58.0
1998 35.6 (+4.1) 35.7 (£8.0) 42.7 (£11.2) -
1999 28.4 (+13.3) 35.9 (£7.1) 35.1 (+15.1) 22.8 (£3.8)
2000 33.4 (+6.6) 33.7 (¥8.1) 32.9 (+15.2) -
2001 31.1 (+8.3) 31.7 (£6.3) 28.7 (£7.3) -
2002 32.3 (£7.4) 39.3 (+8.8) 38.2 (£14) 28.0
2003; 30.7 (£7.8) 39.2 (£10.7) 44.2 (£10.1) 44.0 (£3.1)
2004 36.9 (+5.1) 34.0 (£6.6) 40.2 (£10.8) 37.5 (7.2)
2005 37.6 (¢5.3) 42.6 (£6) 33.4 (£4.4) 40.7 (£5.5)
Gill nets

A total of 1065 fish, representing eight familiesdal7 species were caught in gill
nets between 1995 and 2005 (Table 3.8). The numbepecies caught per year

ranged from 8 to 13, with a mean of 10 (SD = IMArine-spawning species that are
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dependent on estuaries (category lla) dominatezheat A single freshwater species,
Oreochromis mossambicus was documented and no estuarine resident spe@es w
caught due to their small size. The most dominpeties recorded wagonodactylus
falciformis (5-46%), followed byMugil cephalus (0-31%) andRhabdosargus holubi
(3-30%). Mugilidae were the most dominant familydaoollectively comprised
between 40% (2003) and 81% (1998) of the totallhca#dso of significance were

catches oPomadasys commersonnii andLithognathus lithognathus (Figure 3.13).

Catches foMonodactylus falciformis declined from a high of 64 individuals in 1998
to only four in 2005 (Table 3.8). In contrast, ¢te#s forA. japonicus increased from
an average of one individual per year between 18&9& 2002 to 21 individuals
between 2003 and 2005. The above CPUE change dedhevith the alteration in
estuarine habitat following the episodic flood 603.

Table 3.8.Numbers and length (mm SL) of species caught ugilhgets in the East
Kleinemonde Estuary from 1996 to 2005.

Year
Tot| Mean | Length
_ N length range

Species 96]197]198(99|00]|01[02|03]|04]|05 (mm) (mm)
/Ar gyr 0SOmMUS japoni cus 0| 0| 9 0| O] O] 1] 1823|22(73| 371 155-598
Caranx sexfasciatus 0| 0| Of O] O] O] O 00 9 % 1 120 120
Elops machnata oO|jO|0Of 1] 0] Of] Oof 00 O Qq 1 455 455
Lichia amia 0| 3|0 1| 4 0 3 0 q 24 138 572 117-930
Lithognathuslithognathus | 5| 7| 3| 3| 14 9| 1| 1| 0| 0O 40 262 195-372
Liza dumerili 41 3| 0| 2| 3| 3] 10 0| 1| 5| 31] 200 161-313
Liza macrolepis 0|0| Of O] O] O] 20 O Y 1 3 184 153-235
Liza richardsonii 86| 11| 0] 0] Of 4 O Q 20 226 163-302
Liza tricuspidens 0| 2| Of 1| O] 2] O 5 143 |27 296 209-456
Monodactylus falciformis [ 57]18|64 (4135|117 | 6| 7| 4| 250 107 64-147
Mugil cephalus 22|40|37)15|34| 0 |33[{14| 0] 2197 333 181-500
Myxus capensis 7113| 5(12(18| 9 |35|14| 0| 2 (11§ 231 163-365
Oreochromismossambicus | 3 (13| 4| 1| 1| O] 2| 3| 1] 1139 235 106-315
Pomadasys commersonnii | 1 | 9| 2| 10/12| 4 | 22|15| 5| 0| 80] 310 143-645
Rhabdosargus hol ubi 32|11(12)22|32| 1| 9|34/ 3| 0]|156 109 92-171
Rhabdosargus sarba 00| Of O] O] O] O 1J] d Qq 1 258 258-258
\Valamugil cunnesius 0O|jO|O0Of1201]2| 1| O] O] Of 15 163 148-192

Only one speciesE{ops machnata) was caught in gill nets that was not recorded in

the large mesh seine net. However, the gill netigjlta larger size class of species
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such adVionodactylus falciformis that were not well represented in seine net catche
Cowley and Whitfield (2002) estimated thit. falciformis was the third most
abundant marine species (in terms of numbers)eredst Kleinemonde Estuary when
submerged aquatic macrophytes were present andsthisflected in the gill net
catches.

The mean standard length of all species caughtllimets was above 100 mm SL,
which is typical of estuarine gill net catches amthrgely dependent on the mesh size
of the nets (Loneragae al. 1989, Whitfieldet al. 1994, Young and Potter 2002)
(Table 3.8). The smallest fish caught wada@nodactylus falciformis of 64 mm SL in
1996 and the largest was lachia amia of 930 mm SL in 2002. The gill net

assemblage was not analysed further, due to thetpani data.
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Figure 3.13.Annual catch composition (%) of species caugfgiilimets in the East Kleinemonde Estuary betwe296land 2005.
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DISCUSSION

The small, temporarily open/closed East Kleinemaogsieiary has been the subject of
considerable ichthyological research in recent gie@owley and Whitfield (2001a)
examined fish community structure as part of adargtudy, while Cowley and
Whitfield (2001b, 2002) used mark-recapture techeg)and seine nets (density
extrapolation) to estimate fish population sizeshie estuary. Vorwerkt al. (2001)
compared fish assemblages in different Eastern @spgaries, including the East
Kleinemonde Estuary, using non-parametric multatgrianalyses. Despite a history
of intensive research in this estuary, concerniragious aspects of estuarine
population dynamics, relatively little is known albothe long-term relationships

between environmental variables and changes irpfiglulations and assemblages.

When designing long-term monitoring programs, salvguestions arise, including
the variability of assemblages between sites aadvétriability of assemblages over
time (Desmoncet al. 2002). The fish assemblage was adequately chassxieby
sampling using three different types of nets, witabght a large size range of fish. In
addition, sufficient nets were set per sessiorotlect more than 75% of species taken

in this study.

This study has shown that the East Kleinemondeagts an important habitat for a
number of estuarine and marine fish species. Al wita33 fish species from 18
families were recorded during the 10 years of sargp|1996-2005) when all three
net types were used. Mugilidae and Sparidae w@resented by the greatest number
of species. Mugilidae are abundant in temporandgrdclosed and permanently open
estuaries in South Africa (e.g. Marais and Bair8Q 9Marais 1981, 1983, Kok and
Whitfield 1986, Vorwerket al. 2001) with a total of 10 species recorded from th
cool- and warm-temperate regions (Harrsion 2008)cdntrast only two mugilid
species are recorded in temperate estuaries ofi-sagtern Australia (Pottest al.
1990). Sparidae are also represented by a largebemf species in temperate
estuaries of South Africa, with a total of 14 spsciof sparid recorded in these

estuaries (Smith and Heemstra 1990).
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Marine-spawning teleosts usually dominate the ipbiduna (in terms of the number
of species) of temperate estuaries of the northemd southern hemispheres
(Loneraganet al. 1989, Whitfieldet al. 1994, Potteret al. 1997, Griffiths 2001,
Castillo-Riveraet al. 2002, Harrison 2005). In the East Kleinemondei&st, estuary-
dependent marine species comprised 64% of the espeecorded, while estuarine
resident species comprised 18% of the speciesdedoil he contribution by estuarine
resident species in temperate Australian estuasiassually higher and has been
attributed to an adaptation to extended periodaraf-locking (Loneragast al. 1989,
Potter et al. 1993). Only two marine stragglersseudorhombus arsius and
Pomadasys olivaceum, were sampled in the East Kleinemonde Estuary detvwi 996
and 2005, but other marine stragglers have beeorded entering the system at
certain times Trachinotus sp. and Epinephalus marginatus) (P. Cowley. pers.
comm.). Marine stragglers (category Ill) that am dependent on estuaries are
usually more abundant in the lower reaches of peemidy open estuaries where

marine conditions prevail (Whitfield 1998).

The top 10 species, in terms of numbers, were decbconsistently each year. This
pattern is typical of estuaries worldwide, whicle aormally dominated by relatively
few species (Jackson and Jones 1999, Gatah 2003, Paperno and Brodie 2004).
The majority of species recorded in the East Kleiorde Estuary were species with a
subtropical to warm-temperate distribution, which dlso typical of temporarily
open/closed estuaries in the South African warmptaie region (Harrison 2005).
However, five new species of tropical fishegal@mugil cunnesius, Valamugil
robustus, Liza macrolepis, Glossogobius giuris andTerapon jarbua) were recorded in

the estuary from 1999 onwards.

The three tropical mugilid species aherapon jarbua typically occur in the tropical

and subtropical estuaries of southern Africa, altfio stragglers are occasionally
recorded in the warm-temperate estuaries of théhewor Eastern Cape (Smith and
Heemstra 1990)Glossogobius giuris is a tropical and subtropical Indo-West Pacific
species that has only been recorded as far southeabngazana Estuary on the
Transkei coast (Mbanda al. 2005).Valamugil cunnesius andLiza macrolepis were

recorded fairly consistently in both summer and terinsamples from 2002, thus

indicating that water temperatures were within tihlerance range of these species.
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The increase in tropical taxa in the East Kleined®&stuary during the past decade
has resulted in an increase in species richnegstiove and could be an indicator of

climate change.

Mean sea surface temperatures (SST) recorded dfiAffced and East London have
been increasing over the past decade, which cdtddtahe seasonal migrations of
tropical and temperate fish species (Kennish 1986rording to Clark (2006) the
notion that the earth’s climate is changing is Wwidaccepted. Sea surface
temperatures off Port Elizabeth have been incrgasin+0.25°C per decade for the
past four decades (Schumaemnal. 1995). Although 1-2°C changes in temperature
may seem insignificant to animals that thermoregulenany aquatic organisms are
thermoconformers, and therefore respond rapidlghtanges in ambient temperature
(Clark 2006). Clark d@p. cit.) predicts the most obvious changes associated with
increasing sea surface temperatures around SouticaAfvill be shifts in the

distributional patterns of individual species oesigs assemblages.

There has also been a general positive trend irthSaérican air temperatures,
although not always significantly, for the peric@D to 2003 (Kruger and Shongwe
2004). For this period, East London has shown rifssgntly positive trend in annual
average and annual average maximum and minimum et@types (Kruger and
Shongwe op. cit.). Increasing air temperatures may have a greatgragt on
temporarily open/closed estuaries than permanemin estuaries, as these systems
are cut off for long periods from the effect of semperatures and therefore respond

to a greater degree to prevailing land, air andrrivater temperatures.

The effects of climate change on coastal fish andriebrate distributions have been
recorded both locally and globally. Mbandeal. (2005) found that the variety of
tropical species in the Mngazana Estuary increaseithg both summer and winter
compared with a similar study conducted by Branod &rindley (1979) 25 years
earlier. Schleyer and Celliers (2003) recordedeadt increase in sea temperature of
>2°C on the Sodwana reefs, in northern KwaZulu-Nalaring the last decade. This
has lead to small changes in coral community siractwith hard coral cover

increasing and soft coral cover decreasing.
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In the northern hemisphere, Cabral et (2001) recorded significant increases in
water temperature in the Tagus Estuary, Portugalyden surveys conducted during
1980-1983 and 1995-1996. Fish species richness iatseased between the two
periods (Cabral et al. op. cit.). Climatic vari#ilwas found to have a principal
controlling influence on the structure of the Thantestuary fish assemblage, the
growth of resident juveniles and the abundance afyrspecies (Attrill and Power,
2002). Groundfish species with a wide distributiange (mainly subtropical species)
have exhibited an increasing abundunce trend wiik in the Bay of Biscay, while
seven species with a narrow distribution range hldeained in abundance (Poulard
and Blanchard 2005). Parker and Dixon (1998) swedey North Carolina reef fish
community over 15 years and found that the totacigs composition has become
more tropical, with 29 new species of tropical rdieshes recorded. Similarly,
Stebbing et al. (2002) correlated warming of thethdtlantic with the northward
extension of warm water fish into coastal wateffstloé Cornish coast of the United

Kingdom.

Distinct seasonal trends in species compositioneweot apparent in the East
Kleinemonde Estuary when the marine fish assemblge sampled monthly
between April 1993 and March 1996. Similarly, Vorwest al. (2001) found no
significant seasonal differences in the total numiieindividuals caught in other
temporarily open/closed estuaries sampled alongdgheast coast of South Africa.
A total of 39 species were recorded during both memand winter and only 15
species were restricted to either season (Vorwerkcit.). On average, the region
between Port Elizabeth and East London experiesgagar amounts of rainfall
throughout the year, and there is no clear pattemouth opening which may explain
the lack of seasonal patterns observed in spece®asition. These estuaries are
usually closed for much of the year and consequethit fish populations are
‘captive’ which may also explain the lack of seasadifferences in composition and

abundance.

Similarly, no clear seasonal pattern in species pamition was observed in the
temporarily open/closed Swan Lake and Lake Wolluotd@ south-eastern Australia
(Pollard 1994). These estuaries also experienceredigpable rainfall and

consequently unpredictable mouth opening eventscdntrast, Ya#z-Arancibia
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(1981) attributed seasonal fluctuations in specasiposition in the intermittently
open Chautengo Lagoon in Mexico to the predictélbietuations in salinity caused

by seasonal rainfall and opening of the estuarytmou

Resilience determines the persistence of relatipashithin a system and this can be
measured by Kendall’s coefficient of concordan® émong the rankings of species
per year (Dugan and Livingston 1982). The coeffitief concordance for the East
Kleinemonde Estuary (0.57) indicates a 57% concardamong the rankings of the
top 8 marine species, which were caught consistexgtth year, across the eleven
years of sampling. This indicates that despiterameual changes in species richness,
abundance, species composition and size compoditiendominant assemblages
maintain a degree of stability. Dugan and Livings{®982) recorded a concordance
of 0.61 among the rankings of invertebrate speaies\palachee Bay, Florida.
Similarly, although individual fish species in Apahicola Bay, Florida (Livingstoet

al. 1976) and the Port River-Barker Inlet, Australladkson and Jones 1999) undergo
considerable annual fluctuations, percentage reptason of the dominant species

remained relatively stable.

Total CPUE of marine species varied considerably year, with peak CPUE
recorded in 1998 and 2003. The variability in ta@&®UE was attributed to extreme
changes in the annual CPUE of individual species.large permanently open
estuaries in the northern hemisphere, the stresigtecruitment pulses for different
marine species varies markedly from year to yearthEermore, annual recruitment
strength often differs among species (Philipgael. 1996, Potteet al. 1997, 2001).

This has been related to fluctuating environmentaiditions in the estuarine and
marine environments that influence reproductive cess, larval survival and
efficiency of larval transport mechanisms (Potteal. 1997). Poizakt al. (2004)

found that in the temporarily open/closed Vaccdrédgoon (southern France) the
annual abundance of marine species depended aitneent success, which is in turn

affected by limited and temporally variable mougening events.

Although numerous authors have suggested thairtiieg, frequency and duration of
mouth opening events affect species compositiomicpé&arly of marine species
(Wallace and van der Elst 1975, Beckley 1984, Ko# ®Whitfield 1986, Youngt al.
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1997, Griffiths 1998), there have been few attenptquantify this. This study has
shown that in the East Kleinemonde Estuary thengpmf mouth opening had a
significant affect on species composition. Thigw&ent in the grouping of years by
nMDS into two distinct groups. In years followingooth opening events in spring
more species were recorded than in years followiagmouth opening events in
spring. As a result, the dominance of species sagRhabdosargus holubi was

slightly reduced in the ‘spring’ years.

There was also an increase in interannual commuatiétility (IMD) and seriation
(IMS) from the ‘other’ years to the ‘spring’ yearA. higher value for Kendall's
coefficient of stability (V) was also recorded between 2001 and 2005. Peavidaisth
stability and instability were reported for the $dgay and Estuary in the North Sea,
although this was attributed to environmental detation (Warwicket al. 2002).

In the East Kleinemonde Estuary, the predominafnspring opening events between
2001 and 2005 probably allowed for the regularuiderent of marine species into the
estuary, many of which start entering Cape estsiarielate winter (August), with
peak recruitment occurring during spring (Septentbédovember) (Whitfield 1998).
Mean annual CPUE for species that recruit predontipan spring (such asiza
tricuspidens, Myxus capensis, Mugil cephalus, Pomadasys commersonnii and
Lithognathus lithognathus) were higher in ‘spring’ years. Species such as
Rhabdosargus holubi, Monodactylus falciformis and Mugil cephalus, which are
known to recruit during both overwash and open mmadnditions (Cowleyet al.
2001), were recorded fairly evenly in both ‘sprirmhd ‘other’ years, whild.iza
richardsonii that has been recorded entering Western Caperiestuaroughout the
year (Bennett 1989, Whitfield and Kok 1992) wasorded in greater numbers in

‘other’ years.

Timing of mouth opening had little impact on themhers of species and individuals
recorded in three small temporarily open/closedasts in south-eastern Australia
(Griffiths and West 1999). However, in south-eastustralia there is considerable
variability in the timing of spawning, recruitmeand settlement of many estuary-
associated marine species. Estuary openings dimsgvide recruitment period may

result in increased abundances of juvenile margte(Griffiths and West 1999).
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Many authors have suggested that the number ohmagecies and individuals likely
to enter an estuary will increase with the durabdbmouth opening and the frequency
of estuary openings (e.g. Potiral. 1993, Younget al. 1997, Griffiths and West
1999). However, duration and frequency of mouthnamee within a particular season
appeared to have little impact on species composiin the East Kleinemonde
Estuary. The 1997 sampling period followed a thaag-mouth opening event in the
spring of 1996 and this year grouped together Wi€éh2003 sampling period, prior to
which the estuary had opened for two extended @ger{op to 26 days) in spring
separated by only twelve days of estuary closuogePet al. (1993) also found that
the number of marine species in the temporarilynégesed Wilson Inlet was
actually lower when the mouth was open for extengkxibds. This was attributed to

the emigration of some species and a lack of cosgiary immigration.

Mouth state had a direct impact on the length feegies of certain species (e.qg.
Rhabdosargus holubi, Monodactylus falciformis and Lithognathus lithognathus) in
the East Kleinemonde Estuary. Average lengthseddlspecies were highest in 2001,
following an extended closed period, which prevdntie return migration of
adolescent or sexually mature fish to sea. Mou#moy had little effect on the size

composition of mugilid species, which occur in estes as both juveniles and adults.

According to Livingston (1997) trophic organizati® key to an understanding of
fish distribution in space and time. Livingstasp(cit.) found that although the food

web of the Apalachicola Estuary in Florida is refalty stable, periodic peak flows

and droughts were important in altering patternsnoividual fish abundance and
biomass. Herbivore/omnivore abundance increaseidgltiie first year of a drought

because of increased light penetration and subseduereased primary production
caused by low river flow. In the East Kleinemondstuary the overall trophic

structure was relatively stable with time, with wbvious groupings. However,

abundance of vegetation-associated taxa was |I&004 and 2005, while abundance
of detritivores was high in 2004 and 2005.

Whitfield (1984) found thaRhabdosargus holubi andMonodactylus falciformis were

the principal species associated with submergedrophgtes in the Swartvlei
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Estuary, as both species are dependent on ligpteats and associated invertebrates
for food. In the spring of 1979 the submerged mpleyte community (primarily
Potamogeton pectinatus) in Swartvlei underwent senescence that lastece rtian a
decade and led to a 60% decline in primary produactirhe final collapse of the
Potamogeton beds and the disappearance of filamentous algtd led to a dramatic
decline in biomass and condition of bd& holubi and M. falciformis (Whitfield
1984), while there was an increase in abundanceb&mdass of mugilid species

associated with the bare littoral zone (WhitfieB®).

This may explain the decrease in abundance of atgetassociated taxa and the
increase in abundance of detritovores in the EdsinEmonde Estuary in 2004 and
2005. A flash flood in May 2003 destroyed many loé tmacrophyte beds in the
system, and they have yet to fully recover (Chapjeihe numbers d¥lonodactylus
falciformis caught in gill nets in 2004 and 2005 has alsoided!| dramatically and
there has been an increase in the numbe&rgyrosomus japonicus caught, which
may be linked to this and other environmental fecthivingston (1997) found that
long-term changes in carnivore populations wereglerwith carnivores responding

to biological rather than environmental factors.

Also of concern is the disappearanceSphgnathus watermeyeri from catches after
the flash flood in 2003. This small estuarine speavas first described in 1963 by
JLB Smith and was found in the permanently openhBuss and Kariega estuaries
and the temporarily open/closed Kasuka Estuary sso@ation with submerged
aguatic macrophytes (Whitfield 1995). However, ffingater deprivation in the former
two systems has led to the disappearance of thearest pipefish, which was
declared provisionally extinct in 1993 (Whitfieldé& Bruton 1996). Three years later
a healthy population was discovered in the Easinklmonde Estuary, which has a
relatively undisturbed catchment and at the timemsive aquatic macrophyte beds
(Cowley 1998).

Two estuarine-spawning specieGjlchristella aestuaria and Atherina breviceps
consistently dominated small mesh seine net catehels year. Cowley and Whitfield
(2001b, 2002) used seine nets (density extrapalaiod mark-recapture techniques

to estimate fish population sizes in the East Kdmonde Estuary and found that the
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total fish population was numerically dominated By aestuaria (47.4%) andA.
breviceps (22.3%). This is fairly typical of warm-temperatmporarily open/closed
estuaries in South Africa, where these two sped@w®inate catches numerically
(Dundas 1994, Vorwerét al. 2001).

Gilchristella aestuaria comprised by far the greatest proportion of thieltg94%)
taken in the small mesh seine net in 2005. SiryilaHe highest total CPUE was
recorded in 2005 and this was largely a resulhefgeak in CPUE of 1662 fish per
haul recorded fo6. aestuaria. The highest rainfall recorded during the 11-ysady
fell between December 2004 and December 2005, 486 mm of rain recorded in
this period and may account for the high number&.adestuaria. Freshwater input
into estuaries significantly boosts nutrient inpmid subsequently promotes primary
and secondary production, especially the planktémac chain, which in turn would
have a beneficial effect on planktivoro@s aestuaria stocks (Martinet al. 1992,
Strydomet al. 2002).

The average length ddilchristella aestuaria (38 mm SL) andAtherina breviceps
caught (43 mm SL) was also highest in 2005. Thergths correspond to fish one
year or older (Talbot 1982, Ratte 1989). Larvae @audly juvenile fish may have been
lost due to flushing of fish out of the estuaryughaccounting for the dominance of
adults in the overall catch for these species.ddtryet al. (2002) attributed the
absence of youn. aestuaria in the water column of the Great Fish River during

periods of high flow to flushing of larval fish oaf the estuary.

This study has highlighted the importance of loegrt studies to understanding
community changes in estuaries that are causeddsl br global environmental
variations. Although individual species showed ¢argterannual variations in
abundance, driven primarily by changing environrakntonditions, the basic
community structure remained relatively stable. iiJes in marine fish community
structure were driven primarily by mouth state, ivhindividual estuarine species
responded to changes in riverine input arising fieatchment rainfall events. There
has also been a significant increase in specidmers, driven primarily by the

increase in tropical species since 2002. This gpkd how longer-term climatic
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trends, such as global warming may eventually taauh restructuring of estuarine

fish assemblages.
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CHAPTER 4

LONG-TERM TRENDS IN RECRUITMENT, ABUNDANCE AND
RESIDENCY OF JUVENILE RHABDOSARGUSHOLUBI AND
LITHOGNATHUSLITHOGNATHUS IN THE EAST KLEINEMONDE
ESTUARY

INTRODUCTION

Amongst the estuary-associated species, the masmoa life-history pattern is
spawning in the nearshore marine environment, i@tb by immigration of larvae,
postflexion larvae or small juveniles into estuari@uveniles remain in estuaries for
some time (1-3 years) before returning to sea podhe onset of maturity (e.g. Day
et al. 1989, Wallacest al. 1984, Robertson and Duke 1990, Whitfield 1990,9)90f
the 142 estuary-associated fish taxa, 37 (26%)eat@ely dependent on estuaries

during the juvenile phase of their life cycle fargval (Whitfield 1994b).

The interaction of life-history parameters and hwaaral characteristics of individual
species may have a strong influence on the respohglat species to changing
environmental parameters. In order to manage awtegr estuarine fish stocks
adequately, it is important to understand the factesponsible for controlling long-
term fluctuations in targeted taxa (Kupschus anemiain 2001, Power and Attrill
2002, 2003). However, changes in the long-ternustand biology of many estuary-
associated species are not known because themmex factors influencing their
status and many are not of commercial importanogv@lP and Attrill 2003). Where
studies have been conducted they are relativelyt shoduration and many have
focussed on factors affecting species in permayepin estuaries, resulting in a lack
of useful management information for estuaries timte a closed phase (Day and
Grindley 1981, Kok and Whitfield 1986, Griffiths éinwWest 1999, Cowley and
Whitfield 2001a).

Two estuary-associated marine species, for whiehetls little published long-term

data, are the Cape stumpnoBbabdosargus holubi and the white steenbras

Lithognathus lithognathus. These two members of the sparid family are endemi

72



southern Africa and are considered to be entirelyetident on estuarine habitats for
at least the first year of life (Whitfield 1994)owever, a number of aspects of the
biology and life-history of these two species ageywdifferent which in turn affects

their response to fluctuations in environmentalataes within estuaries.

This chapter focuses on the variation in the usa @mporarily open/closed estuary
by juvenile Rhabdosargus holubi and Lithognathus lithognathus. Data are presented
on long-term changes in the timing of recruitméim, period of residence, growth and
habitat use while in the estuarine environmentis lthypothesised that these two
species will have different strategies in termgemfruitment, which will affect their
abundance in TOCEs.

METHODS

Between December 1994 and July 2006 the ichthyefanfrthe East Kleinemonde
Estuary was sampled using a variety of gear typesnfall mesh seine net, a large
mesh seine net and a fleet of gill nets). Data fR206 have been included because it
contributes to the size cohort analysis. Detailstltd methods used to record

environmental variables and capture fish are ginebhapters two and three.

Size-frequency data presented are based on capha@s with the large mesh seine
net and gill nets. Information on age-at-length whtained from Beckley (1984) for
Rhabdosargus holubi and from Bennett (1993a) faithognathus lithognathus.
Abundance estimates refer to the catch per seirte haal. Length-frequency
histograms, based on pooled data from both nesfypere plotted for each sampling
date. Size classes within the population were detexd using modal size class
progression analysis (NORMSEP method) in the FiS#dck assessment package.
Using this method, different cohorts within theaninual size-frequency distribution
data could be identified and a mean and standavétden derived. Estimates of
growth, recruitment and residency period were olgiby plotting the mean cohort
length in the biannual samples for all 0+ fish avitere possible also the 1+, 2+, 3+

and 4+ year classes.
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Because sampling was undertaken twice a year shstemonthly, it was difficult to

follow cohorts, and calculated growth curves wdreréfore fitted to the data. For
Rhabdosargus holubi, a monthly growth increment of 8 mm has been extih in

KwaZulu-Natal estuaries (Wallace and van der E®t5) and the Knysna (Whitfield
and Kok 1992) and Sundays estuaries (Beckley 19&4)) juveniles growing

between 90 mm and 100 mm SL during the first y@alface and van der Elst 1975,
Beckley 1984, Whitfield and Kok 1992). Similarly,o®@ley (1998) estimated a
monthly growth increment of between 9.2 mm SL artirm SL forR. holubi in the

East Kleinemonde Estuary (average growth = 8 mmmumth). Consequently growth
of 8 mm/month was used to fit a growth curve toltkannual length frequency data.
For Lithognathus lithognathus modal progressions in monthly samples of O+ juiesni
from the Knysna (Whitfield and Kok 1992), SundaBeckley 1984), Kleinmond and
Palmiet (Bennett 1989) estuaries indicate growthsraf approximately 12—-13 mm
TL/month in the first year. This corresponds torawgh of approximately 10 mm
SL/month. The length-age relationshipLafthognathus lithognathus based on otolith

ring counts was determined by Bennett (1993a) aratligts a growth rate of
approximately 6 mm SL per month from ages 1 to dngeéquently, a growth curve
with growth of 10 mm/month for the first year foded by 6 mm/month thereafter

was fitted to the data.

As part of a long-term monitoring program, dailytussine mouth state has been
recorded since 1993 (Cowlegt al. unpublished data; Appendix I). Recruitment
opportunities for marine fish existed under threegible estuary mouth states; open,
large overwash (>3 hours) and small overwash (8t69) (after Belet al. 2001), and

were noted for each of the identifiable recruitmestiorts recorded during this study.

RESULTS

Rhabdosargus holubi

Abundance and length-frequency data

Rhabdosargus holubi was caught in both the large mesh seine net andillimets and
comprised between 34% and 92% of the annual largghrseine catch (Figure 3.6,
Chapter 3) and between 3% and 30% of the anndalegicatch (Figure 3.13, Chapter
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3). Mean annual catch per haul (CPUE) RBrrholubi in the large mesh seine net
varied considerably on an annual basis and waskigh 2003 with 264 fish per haul

and lowest (fish per haul) in 1996 (Figure 4.1).

300 -
250 ~
200 ~
150

100

CPUE (fish/haul)

a
o
1

0 T T T T T T 1
1993 1995 1997 1999 2001 2003 2005 2007

Year

Figure 4.1. Mean annual CPUE foRhabdosargus holubi caught in the East
Kleinemonde Estuary between December 1994 and2Dd§.

The pooled length-frequency data fRinabdosargus holubi caught in gill nets and
large mesh seine nets in the East Kleinemonde Bysindicate that the population, in
both summer and winter, consists predominantlynaividuals belonging to the 0+
year class, ranging in size from 20 mm to 100 mm(Sigure 4.2). The majority
(80%) of individuals caught in the large mesh seiaewere under one year old and
probably recruited into the estuary in the yearcedéing sampling. The modal size
class forR. holubi caught in the large mesh seine net was 70—-80 mninStontrast,
the qill nets selected for larger individuals ahd majority (84%) were over one year
old with a modal size class of 100-110 mm SL (Fegdir2).
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Figure 4.2. Length-frequency distributions d®habdosargus holubi caught in the
large mesh seine net and gill nets in the Eastni€labnde Estuary between December
1994 and July 2006. The vertical dashed line remissthe approximate size of one
year oldR. holubi.

Distribution

Table 4.1.Differences t-test) between the abundance and lengttihalbdosargus

holubi captured in each of the three reaches of theKdastemonde Estuary.

Significance
Lower Lower Middle
V. V. V.
Middle Upper Upper
Abundance * *x NS
Lengths *k%k *%k% *%k%

NS = Not significant P > 0.05)

* = Slightly significant P < 0.05)
** = Significant (P < 0.01)

*** = Highly significant (P < 0.001)

Table 4.1 gives the results of a serie$-tafsts that were performed to assess possible
differences between the abundance and lengtRbaifdosargus holubi in each of the
reaches. Juvenild&k. holubi were captured in all regions of the estuary but in
significantly higher numbersP(< 0.05) in the lower reaches (104 fish/haul) tivan
the middle (54 fish/haul) and upper reaches (48tisul) (Figure 4.3). There was also
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significant variation in the lengths & holubi caught in the different reachel €
0.01, Figure 4.4), with the largest fish (160-170nn$L) recorded in the lower
reaches, declining to 150-160 mm SL maximum sizéhémiddle reaches and 140-

150 mm SL maximum size in the upper reaches (Figute
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Figure 4.3. The mean CPUE (xSD) d®habdosargus holubi sampled with the large
mesh seine net in the lower, middle and upper esadif the East Kleinemonde

Estuary.
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Figure 4.4. Size-frequency plots oRhabdosargus holubi sampled with the large
mesh seine net in the lower, middle and upper esaci the East Kleinemonde
Estuary. The vertical dashed line represents tipeoapnate size of one-year okl
holubi.
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Annual recruitment, growth and residency

The relatively constant presence of small individug60 mm SL) in summer and
winter indicated that recently spawned fish made af many, if not all, mouth
opening and/or marine overwash events to recrtit ihe estuary. Consequently, it
was difficult to identify distinct cohorts and tiache residency period of each
recruitment cohort. At least seven 0+ cohorts cdddidentified from the biannual
length-frequency histograms (Figure 4.5, Figure).4These cohorts exist between
July 1995 to November 1995 (Figure 4.7), Noveml8951to June 1996 (Figure 4.8),
July 1997 to February 1998 (Figure 4.9), Janua§91® June 1999 (Figure 4.10),
August 2000 to July 2001 (Figure 4.11), Februar@3@ June 2003 (Figure 4.12)
and February 2006 to July 2006 (Figure 4.13). Detai the recruitment size and
date, residency period, emigration (departure) aim date and estuary mouth state
for each of the identified cohorts are summarise@able 4.2.

Table 4.2. Recruitment, residency period and growthRblabdosargus holubi size
cohorts in the East Kleinemonde Estuary betweere®éer 1994 and July 2006. The

size at recruitment and departure is a calculaggthate based on extrapolation.

Cohort Date of Size at Date of Size at [Residency Estuary mouth state
recruitment |recruitment| departure |departure| period | At recruitment At
(mm SL) (mm SL) | (months) departure
| 9/01/1995 — 9 18/11/1996 + 200 22 Small and large Open
28/07/1995 20/11/1996 overwash
Il 23/08/1995 6 18/11/1996 140 15 Small overwagh Open
20/11/1996
Il 01/01/1997 — 10 03/12/1998 240 23 Small overwgsh Open
15/01/1997
v 06/06/1998 — 8 28/03/2000 + 199 22 Small and large Open
07/06/1998 16/04/2000 overwash
\% 28/03/2000 | 28 1/08/2001 - 180 16 Open Open
31/03/2000 16/08/2001
19/09/2001 + 188 17 Open
30/09/2001
29/10/2001 + 196 18 Open
30/10/2001
10/11/2001 + 204 19 Open
30/11/2001
6/12/2001 - 212 20 Open
10/12/2001
VI 1/09/2002 — 8 13/10/2003 + 136 14 Open Open
30/09/2002 04/11/2003
VII | 20/07/2005 — 6 4/08/2006 —| 120 12 Small and large Open
23/07/2005 7/09/2006 overwash
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Figure 4.5. Bi-annual length-frequency distributions fiehabdosargus holubi in the
East Kleinemonde Estuary from December 1994 to 2096. Cohort means are
shown in brackets and a triangla Y marks the point of separation of two cohorts
(determined using the NORMSEP method).
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Cohort |

Cohort | probably entered the estuaryccat9 mm SL during a small overwash event
(< 3 hours) in January 1995. Small and large ovelwavents were recorded from
January to July 1995 providing an opportunity fecruitment. The cohort remained
in the estuary for 22 months and left at a sizeaof200 mm SL (growth = 191 mm
SL) during a mouth opening event that was recomddédovember 1996. This was the
only mouth opening event recorded for 22 monthglaming the large size at
departure (Figure 4.7).

Cohort Il

This cohort entered the estuarycat 6 mm SL during a small overwash event in
August 1995. The cohort remained in the estuaryuistrover a year (15 months) and
left at a size ota. 140 mm SL during a mouth opening event in Noveni896.

During this period growth of approximately 134 min\gas estimated (Figure 4.8).

Cohort 1l

This cohort entered the estuary at a sizeaoflO0 mm SL during a small overwash
event in January 1997. The cohort remained in #teaey for approximately 23
months and left at a size @h. 240 mm SL during a mouth opening event in
December 1998. Again, this was the only mouth apgrevent recorded for 17
months explaining the large size at departure. dwgn of ca. 230 mm SL was

estimated (Figure 4.9).

Cohort IV

Cohort IV entered the estuary at a sizecaf 8 mm SL during small and large
overwash events in June 1998. The cohort remaimétei estuary for 22 months and
left when the mouth opened between March and R0 at a size afa. 199 mm
SL. During this period a growth & 191 mm SL was estimated (Figure 4.10).

Cohort V

This cohort entered the estuary during a mouth iogeevent in March 2000 at a size
of ca. 28 mm SL. This was the first estuarine accessoxppity recorded for 14
months (waiting time to EAO = 479 days, Figure 2.CBapter 2) accounting for the

large size at recruitment. The cohort remainechendstuary for between 16 and 20
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months and was estimated to leave at sizes rariging180 mm SL to 212 mm SL
during mouth opening which took place from AugustiDtecember 2001. Growth of
between 152 mm SL and 184 mm SL was estimated rgigjd. 1).

Cohort VI

This cohort entered the estuary at a sizeao8 mm SL during a mouth opening event
in September 2002 and remained in the estuary 4omanths. The cohort left the
estuary during a mouth opening event in OctoberNovkember 2003 at a size cd.
136 mm SL. During this period a growth cd. 128 mm SL was estimated (Figure
4.12).

Cohort VII

This cohort entered the estuary in July 2005 dusimgll and large overwash events
at a size ota. 6 mm SL. The cohort remained in the estuary whé&lmouth opened
in August and September 2006 and left at a sizeaofl20 mm SL. During the 12
months the cohort remained in the estuary a gr@itta. 114 mm SL was estimated
(Figure 4.12).
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Lithognathus lithognathus

Abundance and length-frequency data

Lithognathus lithognathus was caught in both the large mesh seine net dhdeis

and comprised between 1% and 5% of annual largd reeime net catches (Figure
3.6, chapter 3) and between 0% and 22% of annllaheji catches (Figure 3.13,
chapter 3). CPUE fdk. lithognathus caught in the large mesh seine net varied on an
annual basis and was highest in 1997 (7.7 fishtead lowest in 2002 (0.2 fish/haul)
(Figure 4.14).

CPUE (fish/haul)

0 T T T T T T 1
1993 1995 1997 1999 2001 2003 2005 2007

Year

Figure 4.14. Mean annual CPUE fdtithognathus lithognathus caught in the East
Kleinemonde Estuary between 1995 and 2006.

The majority of individuals caught in large meslingenets were in the 0+ and 1+
year classes, and exhibited a bimodal size cladsildition. The gill nets targeted

larger juveniles, the majority (95%) being oldeanh2 years, with a modal size class
of 260-300 mm SL (Figure 4.15). The pooled lengdgfiency data from the seine
and gill nets forLithognathus lithognathus indicate that the population consists of
individuals from 30 mm to 350 mm SL (Figure 4.15).
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December 1994 and July 2006. The vertical dashedripresents the approximate
size of one-year old. lithognathus.

Distribution

Table 4.3.Differences t‘test) between the abundance and lengthstbbgnathus

lithognathus captured in each of the three reaches of theHdastemonde Estuary.

Significance
Lower Lower Middle
V. V. V.
Middle Upper Upper
Abundance NS NS NS
Lengths *k%k *% *%

NS = Not significant P > 0.05)

* = Slightly significant P < 0.05)

** = Significant (P < 0.01)

*** = Highly significant (P < 0.001)

Table 4.3 gives the results of a series¢-t&sts that were performed to assess possible
differences between the abundance and lengthstladgnathus lithognathus in each

of the reaches. Mean CPUE fbr lithognathus was higher in the lower reaches (5

fish/haul) than in the middle (1 fish/haul) and apgl fish/haul) reaches (Figure
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4.16) although not significantly different? (> 0.05, Table 4.3). There was a
significant difference in the modal lengths of widuals caught in the different
reachesR® < 0.01, Figure 4.17). Individuals in the lower ¢has showed a bimodal
size distribution and were smaller in size (moda¢ s= 50-60 mm SL and 150-160
mm SL) than individuals caught in the middle (modale = 180-190 mm SL) and
upper reaches (modal size = 160-170 mm SL).

12

[EnN
o
1

oo
1

Mean CPUE (fish/haul)
(o))

Lower Middle Upper

Figure 4.16. The mean CPUE (xSD) dfithognathus lithognathus sampled with the
large mesh seine net in the lower, middle and upgeches of the East Kleinemonde
Estuary.
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lithognathus.
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Annual recruitment, growth and residency

A total of nine distinct cohorts were identifiecbifin the biannual length frequency
histograms between 1994 and 2006 (Figure 4.18r&ig¢119). Successful recruitment
did not take place every year, for example no ligoent was recorded in 1997 and
between 1999 and 2000. Recruitment into the esinargased from 2002, when the
yearly occurrence of spring openings allowed epnseniles to enter the estuary on
an annual basis. Details of the recruitment sizk date, residency period, departure

size and date and estuary mouth state for eaclifiddrcohort are given in Table 4.4

Table 4.4. Recruitment, residency period and growthLatihognathus lithognathus
cohorts in the East Kleinemonde Estuary betweeredéer 1994 and July 2006. The

size at recruitment and departure is a calculaggthate based on extrapolation.

Cohort Date of Size at Date of Size at Res@ency Estuary mouth state
recruitment |recruitment| departure | departure period At At
(months) .
recruitment |departure
I 25/09/1993 — 35 18/11/1996 - 305 38 Open Open
01/10/1993 20/11/1996
Il 23/08/1994 — 15 18/11/1996 210 27 Open Open
27/08/1994 20/11/1996
I 27/12/1994 — 15 03/12/1998 290 47 Open Opeh
08/01/1995
\Y 18/11/1996 — 20 17/11/2000 - 330 48 Open Open
20/11/1996 25/11/2000
V 3/12/1998 38 16/08/2002 340 45 Open Open
30/09/2002
\ 16/08/2002 - 35 23/12/2004 + 210-225 28-32 Open Open
30/09/2002 6/05/2005
VIl | 13/10/2003 — 25 4/08/2006 — 270 33 Open Open
4/11/2003 7/09/2006
VIII | 23/12/2004 — 45 Still in system - - Open -
28/01/2005
IX 8/11/2005 — 40 Still in syste - - Open -
21/11/2005 rrr
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Figure 4.18. Bi-annual length-frequency distributions foithognathus lithognathus

in the East Kleinemonde Estuary from December 1@94uly 2006. Cohort means
are shown in brackets and a triange)(marks the mean (determined using the
NORMSEP method).
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Cohort |

Cohort | entered the estuary during open mouth itiond between September and
October 1993 at a size of. 35 mm SL. The cohort remained in the estuary3r
months leaving when the mouth opened in Novemb86 9 a size o€a. 305 mm

SL. During this period a growth of 270 mm SL wasneated (Figure 4.20).

Cohort Il

This cohort entered the estuary at a sizeaofl5 mm SL during a mouth opening
event that took place in August 1994. The cohamai@ed in the estuary until the
mouth opened in November 1996 (27 months) andake#t size otta. 210 mm SL.
During the 27 months of residency a growtlcaf 195 mm SL was estimated (Figure
4.21).

Cohort Il

This cohort entered the estuary during a mouth iogeevent in December 1994 and
January 1995 at a size@. 15 mm SL. During the 47 months the cohort rendhine
the estuary a growth afa. 275 mm SL was estimated with individuals leavaica
size ofca. 290 mm SL. The cohort left the estuary when theutim opened in

December 1998 for a single day (Figure 4.22).

Cohort IV

Cohort IV entered the estuary at a size&eaf20 mm SL during a mouth opening in
November 1996 (Figure 4.23). Individuals remainedthie estuary for 48 months and
probably left during a mouth opening event in Nobem2000 at a size al. 330
mm SL (growth of 310 mm SL was estimated).

Cohort V

This cohort entered the estuary during a mouth iogeevent recorded on a single
day in December 1998 at a sizecaf 38 mm SL. The cohort remained in the estuary
for a period of 45 months leaving during an extehgeriod of mouth opening
between August and September 2002 at a siza. &0 mm SL. During this period a
growth of 302 mm SL was estimated (Figure 4.24).
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Cohort VI

One of the most easily traceable cohorts (cohojtevitered the estuary during an
extended period of mouth opening between AugustSemtember 2002 at a size of
ca. 35 mm SL. Individuals remained in the estuarylfetween 28 months (2.4 years)
and 32 months (3.2 years) and probably left theaegtduring mouth opening events
in December 2004 at a sizeea 210 mm SL or in May 2005 at a sizecaf 225 mm
SL. During their period in the estuary it is estigththat fish grew between 175 and
190 mm SL (Figure 4.25).

Cohort VII

This cohort entered the estuary when the mouth egpdmetween October and
November 2003 at a size o&. 25 mm SL. Individuals left the estuary when the
mouth opened between August and September 20061¢88hs) at a size afa. 270
mm SL. During this period a growth cd. 245 mm SL was estimated (Figure 4.26).

Cohort VIII

Cohort VIII entered the estuary at a sizecaf 45 mm SL during a mouth opening
event in December 2004 and January 2005. The cdloed not appear to have left
the estuary (Figure 4.27).

Cohort IX

This cohort entered the estuary at a sizeao#0 mm SL in November 2005 when the
estuary mouth opened and is still in the estuaigufie 4.28).
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recruitment ) and departured) and were linked to either mouth opening events

(black bars) or overwash events (red bars).
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Figure 4.23.Length-frequency plots fdrithognathus lithognathus (cohort 1) caught

in February 1998 (A), January 1999 (B), June 1999 January 2000 (D) and August
2000 (E) and mean length against time (F). A tlengA) marks the mean
(determined using the NORMSEP method). Dotted lindgate the date and size at
recruitment ) and departured) and were linked to either mouth opening events

(black bars) or overwash events (red bars).
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Figure 4.24.Length-frequency plots fdrithognathus lithognathus (cohort V) caught

in January 2000 (A), February 2001 (B), July 20Q), February 2002 (D) and June
2002 (E) and mean length against time (F). A tle@nfA) marks the mean
(determined using the NORMSEP method). Dotted lindgate the date and size at
recruitment ) and departured) and were linked to either mouth opening events

(black bars) or overwash events (red bars).
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Figure 4.25.Length-frequency plots fdrithognathus lithognathus (cohort VI) caught
in February 2003 (A), June 2003 (B), January 2@@W¥and July 2004 (D) and mean
length against time (E). A triangleA() marks the mean (determined using the
NORMSEP method). Dotted lines indicate the date sind at recruitmentr () and
departure d) and were linked to either mouth opening eventsc{ bars) or

overwash events (red bars).
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Figure 4.26. Length-frequency plots fot.ithognathus lithognathus (cohort VII)
caught in January 2004 (A), July 2004 (B), Febru2®@5 (C), July 2005 (D) and
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recruitment ) and departured) and were linked to either mouth opening events

(black bars) or overwash events (red bars).
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Figure 4.27. Length-frequency plots foLithognathus lithognathus (cohort VIII)
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DISCUSSION

Both Rhabdosargus holubi and Lithognathus lithognathus (Family Sparidae) are
endemic to southern Africa, witR. holubi occurring from the Berg Estuary in the
southwest to Inhaca Island in the northeast (Witfil998).L. lithognathus occurs
between the mouth of the Orange River in the soesitio KwaZulu-Natal in the
northeast (Smith and Heemstra 1990). Both specaiescansidered to be entirely
dependent on estuarine habitats for the first gétfe (Whitfield 1994b).

Large numbers oRhabdosargus holubi juveniles are found in the estuaries of
southeast Africa, wittemperature restricting. holubi mainly to the area between the
Cape Point and northern KwaZulu-Nat&. holubi is replaced byRhabdosargus
sarba in the northeast (subtropical region) and Riyabdosargus globiceps in the
southwest (cool-temperate region) (Blaber 1978bholubi was the most abundant
marine species recorded in both temporarily opeséd and permanently open
estuaries in the warm-temperate region of SouthicAfi(Vorwerk et al. 2001,
Harrison 2005). It was also the main species caungthte large mesh seine net in this
study and, although CPUE varied on an annual bRsisolubi comprised between
34% and 92% of the annual catch. Cowley and Whitfi{2002) found thaR. holubi
was the third most abundant species in the Easinélleonde Estuary and the
dominant marine species, accounting for 57% of llmnass and the bulk of the

estuarine fish production (74%) in the East Kleioeade Estuary.

Although Lithognathus lithognathus juveniles are abundant in some permanently
open warm-temperate estuaries (Whitfield 1998),risan (2005) sampling with
seine nets found théat lithognathus comprised 3% of the catch composition in warm-
temperate temporarily open/closed estuaries and thesseventh most important
marine species recorded. Similarly, Marais and &1980) sampling with gill nets

in the Swartkops Estuary found that lithognathus was the eighth most abundant
speciesL. lithognathus was only the seventh most important marine speigerms

of abundance, recorded in the East KleinemondeaBst(Cowley and Whitfield
2002). In this studyl.. lithognathus comprised between 1% and 5% of annual large
mesh seine catches and between zero and 22% oddlagithunet catches, with CPUE

varying considerably on an annual basis. The diffees observed in abundance of
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these two species, particularly in temporarily dplrsed estuaries, have been
attributed to aspects of their reproductive biolagy recruitment behaviour (Cowley
1998, Cowley and Whitfield 2001a, Cowley al. 2001, Vorwerket al. 2001).
Rhabdosargus holubi has an extended breeding season, with spawningroug in

the nearshore marine environment between July aimuBry in the Eastern and
Western Cape (Blaber 1973c, Whitfield and Kok 198Aitfield 1998). Postflexion
larvae and early juveniles enter estuaries at dl siza of between 9 and 15 mm SL
(Cowley et al. 2001) andR. holubi of less than 40 mm SL have been recorded
throughout the year in the Knysna, Swartvlei (Weéiti and Kok 1992) and
Swartkops (Beckley 1983) estuaries.

Rhabdosargus holubi was the dominant ichthyoplankton species (77%pnaed
within the surf zone at Kleinemonde and, althougktflexion larvae were recorded
throughout the year, a statistically significanafeén abundance was recorded in late
winter (August) (Cowleyet al 2001). This corresponds with the main recruitment
period into south-eastern Cape estuaries whiatoms August to April (Blaber 1974a,
Beckley 1983, Whitfield and Kok 1992). During tlstdy recruitment of postflexion
larvae and early juveniles (6—28 mm SL) was reabideJanuary, March, June, July,
August and September and small juveniles (<60 miym&dre recorded in the estuary
on all summer and winter sampling trips, thus iatlitg continual recruitment into
the estuary. Individuals generally recruited atreal size (6-10 mm SL), which is
slightly smaller than the range reported by Cowdesl. (2001) and may be because
these are calculated estimates based on extrapol#étidividuals larger than 20 mm
SL were only recorded recruiting into the estuasitofving a period of extended
mouth closure. The continual recruitment of juvesiinto estuaries along the south-
eastern Cape coast will have a buffering effectrsgarecruitment failure as this
region has unseasonal and low annual rainfall (r/e@61 mm per year — Chapter 2)
with river flooding and thus mouth opening everiigygre 2.12, Chapter 2) likely to

occur at almost any time of the year (Bok 1979).

In contrast, Lithognathus lithognathus exhibits distinct spawning seasonality.
Spawning takes place in the nearshore environnfétii@Eastern Cape and Transkei
coasts primarily between June and August (Mehl 19E}gs and larvae drift

southwards and enter estuaries along the southreastouthern and south-western
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Cape coasts at sizes below 50 mm TL (Bennett 199agruitment takes place
primarily between September and January (Benmettit.), with peak recruitment
recorded in the Sundays Estuary, in the southsena&ape, between September and
November (Beckley 1984); and in both the Knysna Smdrtvlei estuaries, in the
southern Cape, during November (Whitfield and K&RZ). In the East Kleinemonde
Estuary, back extrapolated growth of identified até revealed that recruitment of
individuals between 15 to 45 mm SL took place friate August to January, which
coincides with the recruitment period and size réed by Bennett (1993a) for this
region. The size at recruitment was also much tatigen for Rhabdosargus holubi
which generally recruited at sizes below 15 mm Recruitment into the estuary
increased from 2002, when the yearly occurrencgpahg and/or summer openings
allowed recently spawned fish to enter the estoanan annual basis. Similarly, the
CPUE of small and larger juvenile lithognathus in the East Kleinemonde Estuary

has been increasing since 2002.

In addition to an extended recruitment periBdabdosargus holubi have been shown
to enter estuaries using two access routes. Daqiegn mouth conditions they enter
estuaries directly via the mouth and during closezlith conditions they remain in
the surf zone and enter via wave overwash everdw/l@y et al. 2001, Vivier and
Cyrus 2001, Kemp and Froneman 2004). In the EasinEinonde Estuary, back
extrapolated growth for seven distirfiet holubi cohorts, caught between 1994 and
2006, revealed that five recruitmed during overwashditions and two recruited
under open mouth conditions. Cowlelyal. (2001) suggested that the timing of peak
larval abundance in late winter in the Kleinemosd#g zone may be an adaptation to
take advantage of overwash events generated hygssauth-westerly winds at this

time of the year, rather than openings.

In contrast,Lithognathus lithognathus have not been recorded in overwash samples
from the East and West Kleinemonde estuaries (Gowleal. 2001, Kemp and
Froneman 2004). Back extrapolation of growth cureéd. lithognathus cohorts,
caught between 1994 and 2006, confirmed that g@sies only recruits into estuaries
during open mouth conditions. This, together witheatricted breeding season can
result in recruitment failure on a given year. Thigs recorded in 1997 and between
1999 and 2000 in the East Kleinemonde. Considehiegdominance of temporarily
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open/closed estuaries along the southeast coaSouth Africa recruitment failure
into these estuaries may impact on the stock of timportant fishery species.
Furthermore, for species such laslithognathus that do not make use of overwash
conditions for either recruitment or emigrationglpnged estuary mouth closure may
impact on coastal fisheries. The inability to recduring overwash conditions may
also explain the lower numberslaflithognathus recorded in temporarily open/closed
estuaries. Furthermord,. lithognathus has a more specialised diet and would
therefore be expected to be less abundant in éstudr also has to compete with
other specialist zoobenthic feeding estuarine ggedn contrast the high abundance
of Rhabdosargus holubi can be attributed to its omnivorous feeding halaissit can

supplement its diet with plant material (A. Whitflepers. comm.).

Estuaries are highly variable environments, witttdes such as salinity, temperature
and turbidity fluctuating widely. JuvenilBhabdosargus holubi are well adapted to
the estuarine environment and can maintain a velgticonstant internal osmotic
pressure over salinities ranging from 1 to 65 %al®@r 1974b). This species is also
associated with a wide range of water turbidite@hough most (65%) individuals
occur in water less than 10 NTU (Cyrus and Blat#87h). Growth of juveniles in
estuaries is rapid, with Cowley (1998) estimating@nthly growth of approximately
8 mm forR. holubi juveniles in the East Kleinemonde system. SimjlaBeckley
(1984) estimated a growth of between 90 and 100 $hnin the Sundays Estuary
during the first year. Blaber (1973a) found th&salne netted individuals in the West
Kleinemonde Estuary were less than 150 mm SL. faalig their return migration to
sea, adults seldom return to estuaries due to engtig changes in dentition and food
requirements (Blaber 1974c). Individuals largemti®0 mm SL occur in intertidal

and subtidal areas over reefs and sandy subsiiatek 1982, Beckley 1984).

During this study mosRhabdosargus holubi captured in the large mesh seine net
were less than 100 mm SL (mean size = 85 mm SLiljewwhe modal size class of
individuals caught in gill nets was between 100 44® mm SL. Vorwerket al.
(2001) surveyed permanently and temporarily opeséd estuaries along the
southeast coast using a large mesh seine net amdi finat the mean length of
individuals caught in open systems (75 mm SL) wasalker than the mean length

caught in closed systems (78 mm SL). This wasbaitieid to individuals being
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trapped in closed estuaries for longer periodsiriguhis study the largest individual
(an adult of 176 mm SL) was caught in the large mssine net in July 2001,
following an extended period of mouth closure (8nthg). Size cohorts remained in
the estuary for between 1 year to 1 year and 11tmspwith growth of between 114
mm SL and 230 mm SL occurring during estuarinedegsie. The greatest calculated
growth (230 mm SL) was estimated following an egtmh period of mouth closure,
which prevented fish from leaving the estuary @uih fish larger than 176mm SL

were not sampled).

Lithognathus lithognathus juveniles are also well adapted to the estuarine
environment and have been recorded in salinitieging from 1 — 90 %o (Mehl
1973). Growth is fairly rapid in the estuarine eomment, with monthly growth
increments ranging between 5 and 13 mm (Blaber 4,9vi&hl 1973, Beckley 1984,
Bennett 1989, Whitfield and Kok 1992). Although theerwhelming majority ot..
lithognathus recorded in the East Kleinemonde and other estsiate less than 250
mm SL (i.e. less than two years old) (Blaber 1978&hl 1973, Beckley 1984,
Bennett 1989, Whitfield and Kok 1992), larger fisave been recorded in estuaries
(Bennett 1989, Bennett 1993a) and re-enter undtid& mouth conditions (Bennett
1993a). Results from this study suggest that jugdnilithognathus make extensive
use of the East Kleinemonde Estuary and remaimenestuary for between 2 to 4
years, even though they have the opportunity teeléa most years. During estuarine
residency growth of between 175 mm SL and 310 mmv&& recorded.

Cowley (1998) recorded small shoals of fish leaving East Kleinemonde Estuary
during large overwash events. However, neithenabdosargus holubi or
Lithognathus lithognathus appeared to make use of overwash conditions tee ldze
estuary and are capable of remaining in the estuatrlyconditions are favourable for
emigration. This may also account for the diffeesiobserved in the mean sizeRof
holubi caught in temporarily open/closed and permanaemgn estuaries (Vorwest
al. 2001)

South African estuaries are usually characterise lbongitudinal grading of fish
species (Ter Morshuizen and Whitfield 1998habdosargus holubi individuals were

captured in all regions of the estuary, but high@mbers were recorded in the lower
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reaches than in the middle and upper reaches. é@imaisults were recorded by
Cowley and Whitfield (2001a) during an earlier studf the East Kleinemonde
Estuary and by Vorwerlet al. (2001) in other Eastern Cape estuaries. This is
interesting asR. holubi is one of the species that has been found to beelyl
associated with macrophyte beds in the Knysna amart@ei estuaries (Whitfield
and Kok1992), the Kromme Estuary (Hanekom and Baird 1984) Kariega Estuary
(Ter Morshuizen and Whitfield 1994, Paterson anditiéld 2000) and the
Swartkops Estuary (Beckley 1983). Prior to 2003¢mphyte beds were found in the
middle and upper reaches of the East KleinemondeaBs Cowley and Whitfield
(2001a) suggested that the predominande. dblubi in the lower reaches of the East
Kleinemonde Estuary might be associated with epis@rfilamentous algal mats that
develop in late winter and early summer. Whitfi¢ltb84) found thatR. holubi
abundance in Swartvlei, an estuarine lake, wasesiglvhen an extensive mat of
episammic filamentous algae developed in the &ttarone, covering an area

previously occupied biotamogeton plants that had undergone senescence.

Lithognathus lithognathus was also recorded in higher numbers in the lowaches
of the East Kleinemonde Estuary and this has bt#ehwed to the abundance of sand
prawns Callianassa kraussi) in this region (Cowley and Whitfield 2001a). Alsd
interest was the smaller size lof lithognathus recorded in the lower reaches of the
estuary and may indicate that young fish use tladish areas of the lower reaches
more extensively as nursery areas than the middte wpper reaches. Whitfield
(1980) also found that juvenilé®omadasys commersonnii, which are benthic
invertebrate feeders, were common in the lowerhesof the Mhlanga Estuary and

were associated with sand prawn beds.

In summary, the life cycle characteristics, which aonsidered to affect the annual

success of these two species in temporarily opesed estuaries are listed below:
1. Rhabdosargus holubi has an extended juvenile recruitment period, while

Lithognathus lithognathus has a short, well-defined juvenile recruitment

period.
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2. Rhabdosargus holubi use overwash events as an alternative means taitrecr
into estuaries when closed, whilgthognathus lithognathus only access
estuaries during the open mouth phase.

3. Rhabdosargus holubi remain in estuaries for less than two years, andat
return to these systems, whilathognthus lithognathus may remain in

estuaries for up to four years and may return @etguveniles or adults.

Although both species are well adapted to the d@sizenvironment, the above
differences indicate tha®habdosargus holubi is better adapted to making use of
temporarily open/closed estuaries as nursery afidas dominance of this species in
the East Kleinemonde and other temporarily opeségdcestuaries can be attributed to
the extended breeding season of this species anability to use both overwash
events and mouth openings to recruit into estua@éser taxa which adopt a similar
strategy include many species of mullet (partiduldtyxus capensis, Mugil cephalus,
Liza dumerili andLiza macrolepis) and the Cape moonypnodactylus falciformis)
(Cowley et al. 2001, Kemp and Froneman 1994, Vivier and Cyrus1200This
recruitment strategy may account for the dominaotehese species in the East
Kleinemonde (Cowley and Whitfield 2002) and othstuaries (e.g. Marais and Baird
1980, Marais 1981, 1983, Kok and Whitfield 1986 rWerk et al. 2001).

In contrast, a number of aspects of the biologiitdiognathus lithognathus make it
vulnerable to decline as a result of human acéisitiSpecies with similar restricted
spawning periods includBomadasys commersonnii and Liza tricuspidens, both of
which were found in low numbers in the East Kleioaae Estuary (Chapter 3).
lithognathus is an important component in the catches of cbasthestuarine anglers
in the Cape (Dagt al. 1981, Coetzeet al. 1989, Bennett 1993b) However, long-term
catch data indicate major declines in this spedciath the catch rate of recreational
shore anglers declining by 90% since the mid 19{8ennett 1993b). Bennett
(1993a) found that the high degree of estuarineddgnce, confinement of juveniles
and subadults to the surf zone, large size at @b, and predictable aggregation of
mature individuals, make this species particuladinerable to estuarine degradation
and over fishing. This study has shown that thetsiearuitment period and inability
to access temporarily open/closed estuaries dawegwash events may be added to

this list of constraints to their overall populatisize.
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CHAPTER 5

CHOICE CHAMBER EXPERIMENTS

INTRODUCTION

Although the recruitment of larvae and juveniledoirestuaries has been well
documented, little is known about the factors gowey the immigration of marine
fishes into estuaries (Whitfield 1989a, Strydom 20(Beveral physical factors have
been proposed as stimuli which could elicit a r#grent response in estuary-
associated fish species, including current spesdhity, temperature, turbidity, food
gradients and olfactory cues (e.g. Norcross andvSh@84, Boehlert and Mundy
1988, Blaber and Blaber 1980, Kingsford and SuthE®94, Whitfield 1994a).
However, field studies have cast doubt over marth@de factors playing a role in the
recruitment process. For example, although the ddmce of larvae and juveniles in
estuaries along the southeast coast of South Afsicgtrongly associated with the
magnitude of axial salinity gradients within thesgstems (Whitfield 1994a), it is
unlikely that larvae are responding primarily tdirsity gradients when recruiting into
estuaries. Whitfield (1994a) found that pronounselinity gradients were absent in
the surf zone adjacent to estuaries where sucdéassfuitment was recorded and
hypothesised that axial salinity gradients withime testuaries were a surrogate
indicator of olfactory cues being carried into timarine environment influencing

marine fish recruitment into the study estuaries.

Turbidity does not appear to be a driving forceibehhe recruitment of most marine
fish into estuaries (Whitfield 1994a), but certapecies may be able to follow
turbidity gradients into estuaries (Cyrus and Btaldi®87a). Whitfield (1994a)

recorded equally successful recruitment into bdie Great Fish and Sundays
estuaries, even though a marked turbidity gradeas absent in the marine
environment adjacent to the Sundays Estuary bugepteopposite the Great Fish
Estuary. Marked turbidity gradients will also blesant in the marine environment
adjacent to closed estuaries. Water temperaturdiegits may also play a role in
influencing larval fish recruitment into estuari€Boehlert and Mundy 1988).

However, according to Whitfield (1994a) temperatisrenlikely to be a major cue in
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attracting larval marine fish to estuaries along sbutheast coast of South Africa, as
thermal gradients within these systems are ofteagudar and prone to wide
fluctuations depending on river flow, tidal reginegeanic upwelling, cloud cover,

etc.

Many researchers have suggested that olfactioneiptimary sense responsible for
the successful location of estuarine environmeBtelklert and Mundy 1988, Stabell
1992, Whitfield 1994a) as fish exhibit high chensmsitivity (Hara 1992). Chemical
signals are important in the spawning of a diveesge of fish species (Bjerseligs
al. 1995). Odour plays an important role in mate redomn for the swordtail
Xiphophorus cortezi (McLennan and Ryan 1997Anguilla rostrata elvers are
attracted to odours emanating from organic comptsném coastal rivers when
migrating to freshwater (Miles 1968, Sorenson 198 olfaction plays an essential
role in the homing migration of salmonids to theatal streams (Scho& al. 1976,
Halseret al. 1978, Johnsen and Hasler 1980, Dittreal. 1996, Montgomeryt al.
2001).

Whitfield (1994a) hypothesised that larvae and juies of estuary-associated marine
fish species may trace land-based cues back tstaarg by following the olfactory
concentration gradient and could orientate towaedsporarily open/closed estuaries
when closed, by using dissolved olfactory cues e the estuarine water that
seeps through the sand bar at the mouth of thestensy. Once an estuary mouth is
breached, riverine and estuarine waters are flusheédforming extensive plumes in
the marine environment that seem to be attractvee¢ruiting fish larvae (Strydom
2003). However, no published studies have testabtifiary-associated marine fish

species respond to olfactory cues.

The importance of olfactory cues to estuary-assedienarine fish species was tested
usingRhabdosargus holubi, as this species was numerically the most aburndarine
species caught in the East Kleinemonde and otmepdearily open/closed estuaries
along the south-eastern Cape Coast (Chapter 3ddition this species is able to
recruit into estuaries during both open mouth evemd wave overwash events and
was found to be the dominant species in the ich&dgon adjacent to the East
Kleinemonde Estuary throughout the year (Covaegl. 2001).

117



In order to ascertain whether recruiting larvae abée to distinguish water from
different sources, experiments were designed towaetherRhabdosargus holubi
can differentiate between marine, estuarine, cbasthriver water, and to determine

which type of water was most attractive to the f@sbn larvae of this species.

MATERIALS AND METHODS

Experimental design

Experiments were conducted at the Rhodes UniveMdyine Laboratory in Port
Alfred, South Africa in the spring (October/Novemp®f 2004 and 2005. The
laboratory is situated on the banks of the perm@yeopen Kowie Estuary
(33°36.28S, 2754.20E). Recently captured postflexighabdosargus holubi larvae
(10-15 mm SL) were tested in a choice chamber (Eigul) based on a design by
Atemaet al. (2002). The sharp boundary maintained in rectamgiiaice chambers,
which were first used by Hoglund (1951), providgsatic organisms with a choice of

two water sources (Kroon and Housefield 2003).

The choice chamber was constructed from plywoodsaadied with black waterproof
paint. The chamber size was 121 cm x 25 cm, witlater depth of approximately 6
cm (Figure 5.1). Depending on the experiment, tiffeignt sources of water (e.qg.
sea water and estuary water) were pumped, usingessible powerhead pumps,
from 1000-litre storage tanks into two 20-litre kets fitted with taps that delivered
the water at a flow of 2 cm’sinto the adjacent sides of the upstream end of the
choice chamber. The two water streams were sepanate parallel streams by a
central partition and each stream flowed througltlstd drinking straws to reduce
turbulence. The two streams then flowed througma fesh (~ 1 mm bar) into the
31 x 25 cm test area, where the flow maintainetiaapsboundary between the two
streams, despite the absence of a physical partithater then flowed through a
downstream containment net (~ 1 mm bar mesh) ahdwar a bevelled outfall weir.
To test the stability and sharpness of the demarcaff the two water types as they
flowed through the test area, dye tracers were.Usedv speed was then adjusted to
achieve optimum demarcation. Dye tests were refeladéore each test to ensure

proper separation of the water sources.
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Figure 5.1.Choice chamber used in the larval fish experiméiméased on the design
of Atemaet al. 2002).

Table 5.1.Initial physico-chemical properties of water usedxperiment 2.

Surf zone water |River water |Estuary water | Sea water
Turbidity (NTU) 4 1 15 1
Dissolved oxygen (mg") 4.8 5.0 4.5 6.0
Temperature (°C) 20.3 17.2 19.2 18.8
pH 9.8 8.9 9.9 9.2
Salinity (%o) 35 35 35 35

Water used in the experiments was collected angdtm 1000-litre storage tanks.
River water was collected just below the confluentehe Kowie and Lushington
Rivers (33°30.17°S, 26°44.40°E), approximately Bl dbove the head of the Kowie
Estuary (Figure 5.2). Estuary water was collecteminf the lower reaches of the
Kowie Estuary 5.2 km upstream of the mouth (33°3%0 26°51.41°E) during the
latter part of the ebb tide (Figure 5.2). Sea watas collected approximately 6 km
out to sea from the Kowie Estuary (33°38.11°S, 2@°5 E) where there is little or no

estuarine influence. Surf zone water was colleétech a rocky beach (33°36.31°S,
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26°53.33'E) 1.1 km from the Kowie Estuary mouthg(ffe 5.2). Water was stored
for between 1 to 4 days prior to use which reduesdperature differences between
the water sources. Prior to each experiment theagse and river water was adjusted
to a salinity of 35 %0 using artificial sea salt (R&ea Sali and Dopan Marine

Salt]) to eliminate salinity as an influencing factordaalso to prevent mixing of

different water types in the experimental choicarober. The physico-chemical
parameters of the water used in the second expetriwere measured prior to use in
the experiment and are given in Table 5.1. There htide difference in temperature,

dissolved oxygen, pH and turbidity between theedédht water types.

Southern
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Figure 5.2. Map of the Kowie River, Port Alfred, showing thec&tion of water
collection points for (1) sea water, (2) surf zovegter, (3) estuary water and (4) river

water.

Two separate experiments were conducted and egehieent consisted of a series
of tests in which larvae were given a choice betwdiferent water types. At the start
of each test, the experimental chambers were fillgith water from the larval
acclimation holding tank. Five to nine postflexianvae were introduced into the test
area of the choice chamber and given 5 min to meté at no-flow. Each test
consisted of two trials. In Trial 1, test wateratmaents (e.g. estuary and sea water)
were simultaneously released from the 20-litre bixland allowed to flow through
the adjacent sides of the test chamber for 3 minlvement of the larvae in the
choice chamber was quantified by counting the nurob@dividuals in each side of

the test area in the last minute of each trialhwaitrecording made of any changes in
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numbers on either side of the test area duringrthimite. In Trial 2, the two water
treatments were alternated to flow down oppositessiof the choice chamber. This
was done to check for the possible influence oémel stimuli, such as phototactic
responses, on side selection. Test water treatrflemtsed for another 3 minutes and
the movement of the larvae was again quantifiedhim last minute of the test

condition.

Experiment 1: Determining whether estuary recruited Rhabdosargus holubilarvae
are attracted to the odour of estuary and river water

In the first experiment, conducted in November 20pdstflexion larvae that had
recently recruited into the lower reaches of thewko Estuary were exposed to
estuary water, river water, sea water and a mixad@irever water and estuary water to
test the hypothesis that recruiting larvae areetid to olfactory cues. Five different
tests were conducted: (1) estuary water versusvadar, (2) river water versus sea
water, (3) river water versus estuary water, (4@miwater versus a 50:50 mixture of
river water and estuary water and (5) estuary wagesus a 50:50 mixture of river
water and estuary water. The mixture tests weradwcted to determine whether
larvae are attracted to olfactory cues in bothrriwater and estuary water or more

strongly attracted to either estuary or river water

Thirty-seven postflexiorRhabdosargus holubi larvae, between 13 mm and 15 mm
SL, were collected using a fine-meshed hand net fite lower reaches of the Kowie
Estuary. All fish were collected during Novembertime when recruitment oR.
holubi into Eastern Cape estuaries is at a peak (Beckd84). The larvae were
randomly assigned to three groups (Group A — 1¥akarGroup B — 13 larvae and
Group C — 12 larvae) to give three replicate grogmsl they were acclimated for
three days in water from the mouth region of thevi€oEstuary (salinity = 35 %)
prior to the experimentation. Larvae were fed twitzaly on Artemia spp. nauplii.

Each test was repeated three times using each gfdagpvae (Group A, B and C).

Experiment 2: Determining whether surf zone recruited Rhabdosargus holubi
larvae are attracted to the odour of estuary, river and surf zone water
In October 2005, postflexion larvae caught in thé sone were exposed to seawater,

estuary water, river water and surf zone watewuttstantiate the findings of the first
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experiment and to test whether larvae of this gseare initially attracted to estuary,
surf zone and possibly river water when accumudatin surf zones and migrating
into estuaries. Five tests were conducted: (1)aegtwater versus sea water, (2) river
water versus sea water, (3) river water versusegtiater, (4) surf zone water versus
sea water and (5) surf zone water versus estuatgrwhblo mixture tests were
conducted in experiment 2, as these tests werenahesive in 2004 and surf zone

tests were included.

Six postflexionRhabdosargus holubi larvae, measuring 10-11 mm SL, were collected
in October 2005 in the surf zone adjacent to thevi€dEstuary mouth using a floating
plankton sled. Only six larvae were used in theeexpent due to the difficulty
encountered in capturing and identifying the tagpecies. The sled was fitted with a
500-pum nylon mesh net, which sampled the uppemn30fcthe water column. The net
had a mouth area of 0.17°mnd was attached to a 3-m rope and towed thrcugh t
surf zone, parallel to the shoreline, in water ttaatged in depth from approximately
0.5 to 1.5 m. The larvae were acclimated in se@mwfat four days in a holding tank

prior to experimentation.

Data analysis

The null hypothesis of equal preference for eadh dfathe test area was evaluated
using the binomial distribution. According to Kro@nd Housefield (2003) most

statistical tests are based on the assumptionrti@idual data points are statistically
independent of each other. This assumption is oftelated in two-choice choice

chamber experiments where multiple records of aividual animal are treated as
independent data points. Kroon and Housefield (2@08ue that the best way to

overcome this problem is to average multiple resard the same subject. In these
experiments repeated measurements (i.e. over G@nd€c on the same subjects
within each trial were averaged to obtain the mparcent occurrence of larvae in

each half of the test area.
RESULTS

After approximately 3 minuteRhabdosargus holubi larvae swam, often in a shoal,

around the test area of the choice chamber. Whenet water was introduced into

122



the chamber individual fish initially darted in aodt of the two odour plumes and
usually orientated themselves in an upstream dbrecFish generally behaved as a

shoal, but there were also individuals who didpaoticipate in shoaling behaviour.

Experiment 1: Determining whether estuary recruited Rhabdosargus holubilarvae
are attracted to the odour of estuary and river water

Larvae in groups A, B and C (Figure 5.3a) showsdyaificant preference®(< 0.05)
for estuary water over sea water during both tiiaés when flows were assigned to
different sides of the choice chamber). When trsulte from both estuary water
versus sea water trials for all groups were avetdgevae showed a 75% mean
occurrence in estuary water. Similarly, larvaeioups A and C showed a significant
(P < 0.01) preference for river water over sea watainduboth trials (73% mean
occurrence in river water) (Figure 5.3b), whilevise in group B selected river water

significantly more often during Trial P(< 0.01), but not during Trial 2°(> 0.05).

The larvae were then given a choice between rivatewand estuary water to
determine which water elicited a stronger respobhaezae in groups A and B showed
a significant P < 0.05) preference for river water during one tead estuary water
during the other trial (Figure 5.4a). Only larvae Group C selected river water
significantly ¢ < 0.01) more often over estuary water during batisr(70% mean

occurrence in river water).

A 50:50 mixture of river water and estuary watersvtlaen tested separately against
river water and estuary water to test if larvae evarore strongly attracted to a
mixture of cues from river and estuary water thamdes in estuary and river water
alone. Larvae in all groups selected the mixed wsignificantly @ < 0.01) more
often during one trial and the estuary water duthregother trial (Figure 5.4b). When
river water was tested against a mixture of rivetew and estuary water, larvae in
groups A and B selected both water types signiflgafi® < 0.01) during different
trials. Group C selected the mixture significarf®< 0.01) more often during one

trial only (Figure 5.4c).
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Figure 5.3.Mean percent occurrence in each side of the clubiamber for each trial within (A) the estuary watersus sea water and (B) river
water versus sea water tests (Experiment 1). Rmderwas tested by a binomial tes®, £ 0.05, ** P < 0.01.
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Experiment 2: Determining whether surf zone recruited Rhabdosargus holubi

larvae are attracted to the odour of estuary, river and surf zone water

Larvae showed a significanP < 0.01) preference for estuary water over sea water
during both trials (81% mean occurrence in estuwater) (Figure 5.5). When given a
choice between river water and sea water the lasedexted river water significantly
(P <0.01) during one trial and sea water during theeotrial. When the results from
both river water versus seawater trials were awestdgrvae showed a 56% mean
occurrence in river water. Also, larvae showedgaificant ( < 0.01) preference for
estuary water over river water during both trig4% mean occurrence in estuary

water).

When given a choice between surf zone water andvsger larvae preferred(<
0.01) surf zone water during both trials (81% meaourrence in surf zone water).
When given a choice between surf zone water anthestvater larvae selected surf
zone water significantlyR < 0.01) more often than estuary water during batistr

(74% mean occurrence in surf zone water) (Figusg 5.
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DISCUSSION

Organisms using different habitats during differstaiges of their life cycle have to be
able to respond to different stimuli to locate rieabitats (Boehlert and Mundy 1988,
Rothlisberget al. 1995). Recruitment of estuary-associated marste th estuaries is
believed to be an active behaviourally mediateccgss (Norcross and Shaw 1984,
Boehlert and Mundy 1988, Norcross 1991, Strydon320Aat first, larvae must move
from an offshore planktonic habitat to nearshoesaar Although this process may be
passive initially, active migration to surf zonesthought to occur during the later
stages of larval development, as larvae developathkty to respond to physico-
chemical cues (Norcross and Shaw 1984, BoehlertMumtly 1988, Norcross 1991,
Strydom 2003). For fish species utilizing estuatfessurf zone is a transitory habitat,
although accumulation of postflexion larvae in the may be prolonged in what
has been suggested as an interim nursery areaeftairc estuary-associated taxa
(Whitfield 1989b). Once larvae have recruited te tmearshore environment (surf
zone) a new set of physical variables may influethedr accumulation at estuary
mouths and finally their movement upstream witlina eéstuary (Boehlert and Mundy
1988).

Although empirical evidence (Whitfield 1994a, Stoya 2003) suggests that olfactory
cues may be important in the recruitment of mal@neae and juveniles into estuaries,
no experimental work has been conducted to testiypothesis. The results from this
experiment provide the first experimental indicatiof the importance of olfactory
cues to migrating estuary-associated marine fisivala The experiment was
conducted using a rectangular choice chamber. Rgal@ choice chambers have
been used successfully in a number of experimenits/estigate the chemoresponses
of aquatic animals. The responses of fishes teedifft pH gradients (Atland and
Barlaup 1996), water quality (Kroon and Housefi2@D3), olfaction (Atemaet al.
2002, Benfield and Aldrich 1992), pheromones (Bjbus et al. 1995) and the
attraction of juveniles to conspecifics (Olsén adtitlund 1985, Olsén 1986, Baker

2003) have been monitored using rectangular clafieenbers.

In the first experiment, postflexioRhabdosargus holubi larvae, which had recently

recruited into the lower reaches of the Kowie Estushowed a preference for
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estuary and river water over sea water. Similanltesvere recorded by Benfield and
Aldrich (1992) who used a rectangular choice chamibassess the attraction of post-
larval brown shrimpPenaeus aztecus and white shrimgPenaeus setiferus to estuary
water from Galveston Bay, Texas. Both species, whie dependent on estuaries as
nursery areas, selected estuary water significandge often than sea water. Salinity
was eliminated as a factor by adjusting the tedtcmtrol water to the same salinity.
Benfield and Aldrich (1992) concluded that odouroige of several cues that post-

larval penaeids use during their recruitment irginaries.

Turbidities recorded during the experiments ranffjech 1-15 NTU. The range in
turbidity was, however, not large as values welevihin the lower end of the clear
to semi-turbid range (<10 — 50 NTU) identified byr@s and Blaber (1987a). In the
St Lucia Estuary, Cyrus and Blaber (1987a) recoedezhge of turbidities from 0.5 to
1472 NTU and althougRhabdosargus holubi juveniles showed a preference for clear
water (<10 NTU) they were also caught in intermedligater (10-80 NTU). In each
test, water treatments were changed so as to fiamndpposite sides of the choice
chamber. As the larvae showed no side preferendesalected river and estuary
water regardless of the side of the choice chartfiieruled out the possible influence
of external stimuli, such as phototactic responses,side selection. Larvae also
showed a strong response to water types regamfi¢ss presence and position of the

observer.

When Rhabdosargus holubi larvae were given a choice between estuary aref riv
water, or estuary and river water and a mixturetled two, the results were
inconclusive. In future studies it could be testdtether certain key cues are present
in both water types. Whitfield (1994a) recorded th@migration of larvae and
juveniles of estuary-associated marine fish speiitess the Kariega Estuary in the
absence of fresh water input, although at a coradide reduced rate. The findings
from this experiment therefore validate the notibat estuary water on its own is
sufficient to attract the larvae of estuary-asdeddish species to these systems. The
experiments also support the hypothesis that eddveish recruitment into estuaries
occurs when both estuarine and river water enerseéa since it has now been shown

that larvae are attracted to cues from both theaegtand the river catchments.
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In the second experiment, which was conducted tdirco the findings of the first
experiment, postflexion larvae, which were smaifesize (10-11 mm SL) and had
not recruited into an estuary were found to beiBaantly attracted to estuary water
and weakly attracted to river water. When giverhaiae between estuary water and
river water the larvae responded strongly to egtuaater. These results suggest that
migrating larvae in the sea respond primarily tescin estuary water, and to a lesser
extent river water, when recruiting into estuaraasl probably develop a stronger
attraction to river water once in the estuary, laseoved in the first experiment. It is
also important to note that estuarine water mayainrcues of riverine or catchment

origin.

Postflexion Rhabdosargus holubi larvae have been observed using various events
such as flooding tides (Beckley 1984, Whitfield 2@8Harrison and Whitfield 1990)
and overtopping events in temporarily open/closeidaies (Cowlet al. 2001) to
move into the mouth areas of estuaries. Once iesheary, larvae migrate to shallow
nursery grounds higher up the estuary where waigewts are reduced or absent
(Beckley 1984, Whitfield 1989a, Harrison and Wieildi 1990).

Larvae may be responding to freshwater-based olfaatues to migrate to these
shallow upstream areas within estuaries. Trangpithin open estuaries may occur
by selected tide transport, with larvae riding tipper water masses on the flood tide
(Rijnsdorp and Straten 1985). Barbin (1998) exanhitme role of olfaction in homing
migrations of American eeAfguilla rostrata) and found that olfaction was used for
the discrimination of the appropriate tide for spart to home sites within estuaries,

although olfaction was not the only orientation aged in estuaries.

When given a choice between sea water and surf waiter, Rhabdosargus holubi
larvae selected surf zone water over sea wateris dttraction to surf zone water
confirms previous studies that have shown thatlihlsitat is an important transit and
accumulation zone for the larvae of estuary-assetisspecies recruiting from
nearshore spawning areas into estuarine nurseas gBoehlert and Mundy 1988,
Harris and Cyrus 1996, Harrigt al. 2001, Cowleyet al. 2001, Strydom 2003).
Accumulation in surf zones may be prolonged for em@pecies as immigration to

estuaries may occur at ages of 60-90 days (BoedmeriMundy 1988), and it has been
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suggested that many species spend some of thélamwas stage of their development
in surf zones (Whitfield 1989b, Harris and Cyru989 Strydom 2003). LarvaR.
holubi comprised more than 77% of the overall catch endtarf zone adjacent to the
temporarily open/closed East and West Kleinemonskeidfies in the Eastern Cape
(Cowleyet al. 2001).

Larvae of estuary-associated species, includghgbdosargus holubi, have been
observed actively accumulating in areas of low enfrrvelocity in the surf zone
(Whitfield 1989b, Watt-Pringle and Strydom 2003hdathe attraction of larvae to
cues in surf zone water suggests that these la@eesponding to olfactory and
other physical cues to accumulate and maintaintipasiwithin the surf zone.
According to Watt-Pringle and Strydom (2003) maimitey a shoreward position
allows larvae to access shallow-water long-shoreeats moving along the coast, and

thus to gain access to estuaries.

When given a choice between estuary water andzend water larvae preferred surf
zone to estuary water. These results suggest libaetlarvae (10-11 mm SL) were
still using the surf zone as an accumulation aréa. larvae caught in this study were
of a size consistent with larvae caught in othef sanes. Watt-Pringle and Strydom
(2003) recordedRrhabdosargus holubi with a mean size of 10.2 mm SL in the
Kwaaihoek surf zone and Cowleyal. (2001) recorde®. holubi with a mean size of
11.3 mm SL in the Kleinemonde surf zone. Attractionestuary water may get
stronger with fish size, although there is no sufwpg evidence. In addition, the
swimming abilities of larval fish have been shownitcrease with their size, thus
enabling larvae to orientate their movement towdagsurable habitats (e.g. Fuiman
and Webb 1988, Chick and Van Den Avyle 2000, Montgoy et al. 2001, Hunt von
Herbing 2002).

The results of this study have indicated for thistfiime the importance of olfactory
cues to migrating larvae of an estuary-associatadne fish species. Olfactory cues
have been classified as long-distance signals wmingovater (Dusenbery 1992). Fish
have a well-developed sense of smell, with an aifgdoulb similar in organisation to
that of higher vertebrates (Hara 1992). Some fighable to detect and respond to

olfactory signals as weak as™®I (Hara 1992) and are able to discriminate between
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different odours in mixtures (Kleerekloper 1967). many fish species, olfactory
signals have been shown to be important in the repmézation of spawning,

predation, alarm signalling, feeding and migrafipltLennan and Ryan 1997).

Some late-stage reef larvae have similar sensqgluiities to adult fish and actively
control their dispersal, at least during the lattiiges of development (Dudleyal.
2000, Montgomeryet al. 2001). Atemaet al. (2002) using a rectangular choice
chamber showed that larval apogonids were abledognise different water masses
by their odour and prefer ‘reef water’ to oceanewaln addition, apogonids and other
settlement-stage reef larvae had well-developedtrifsosto process olfactory
information. Wrightet al. (2005) showed that both pre- and post-settlemesa ceef
damselfish Pomacentrus nagasakiensis) were able to detect amino acids in water,
which could be a useful cue for larvae attemptimdptate a reef. Lindsay and Vogt
(2004) working with newly hatched zebrafidbafio rerio) found that chemosensory
systems of olfaction and taste are developed duhadirst week after fertilisation.
Day 4 after fertilisation larvae responded sigmifily to water containing amino acid
stimulants compared to water with no stimulantsmilirly, Sweatman (1988)
provided evidence that larval damselfishBsscyllus aruanus (L.)) find corals with

resident conspecifics using dissolved chemical.cues

The results of this study suggest that late-stapeaey-associated marine larvae are
also able to recognise different water masses giiglbased on odour. The migration
of larvae from offshore spawning grounds to esheamnursery areas has long been
recognised as a poorly understood mechanism o$gmah associated with estuaries
(Boehlert and Mundy 1988) and this study providgpeeimental evidence of the
importance of olfactory cues to migrating larvaestfexion Rhabdosargus holubi
larvae may use, along with other physical factoi&ctory cues to migrate to and
maintain position within surf zones, and later twwanulate and move into estuary
mouths and then into shallow estuarine nurserysatgdawever, with movement into
each new habitaR. holubi larvae appear to be responding to different coatimns

of olfactory and physical cues. Further researchihi;m and other estuary-associated
marine species is required to study the detailseofuitment mechanisms and cues

employed by these species to locate estuarine nyuaseas.
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CHAPTER 6

GENERAL DISCUSSION

Although estuaries are amongst the most fluctuagiggatic environments on earth
(Day et al. 1989) they are important nursery areas for nungefish species (Dando
1984, Wallaceet al. 1984) and are known to be more productive thamcaat
freshwater and marine environments (Woodwedl. 1973, Haedrich and Hall 1976).
Changes in environmental conditions within an astumay be fairly predictable, or
they may be caused by short and/or long-term umgiedde climatic fluctuations, all
of which have large effects on the abundance astdlalition of estuarine fish stocks
(Flint 1985, Kupschus and Tremain 2001, Desmendal. 2002). Variation in
estuarine fish communities has been well studied spatial and seasonal scale, with
most investigations ranging in duration from 1-2uge These studies provide a short-
term insight into the overall structure, abundaaued distribution of fish communities
in various estuary types. However, far less is kmalout estuarine fish community
structure, particularly in temporarily open/closstuaries (TOCES) over the medium
to long-term (Table 6.1). Only two published stsdikave been conducted on
estuarine fish communities in TOCEs over a peribtiQoyears or more (Desmormtl

al. 2002, Poizatet al. 2004). The information gained from the 11-yearstEa
Kleinemonde Estuary study is therefore very sigaifit, being the first long-term

investigation on estuarine fish communities in at8African TOCE.

Long-term studies (10-40 years) are unusual irctrestal and estuarine environment
(Flint 1985, Wolfeet al. 1987, Jackson and Jones 1999) but they are pivotal
understanding how fishes use the estuarine enveahand are influenced by various
factors (Flint 1985, Jackson and Jones 1999, Dedmrtaal. 2002, Poweet al. 2002).
Long-term studies also allow for an understandifglow and complex processes
such as stability and succession (Methven 2001, adlow for a partitioning of the
effects of season, episodic events and long-temmatk trends on variability in the
fish fauna (Wolfeet al. 1987). Long-term trends may be subtle and carlyehsi
masked by large year-to-year variability. As a emugence, short-term sampling may
lead to normal year-to-year changes being erromgaitributed to environmental
change (Hurstt al. 2004). Breeret al. (2004) proposed a monitoring protocol for
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South African estuaries and stressed the need toitondkey indicators over an
extended time period (>5 years) to highlight loag+t trends and identify possible
cause and effect relationships. The compilatioasftinuous long-term records can
then be used to support decision-making and managem

Short-term studies have also focussed extensivelyhe recruitment of fish larvae
and juveniles into estuaries (e.g. Beckley 1985yl&viaand Burke 1990, Neira and
Potter 1992, Harris and Cyrus 1995). However, theirg of early stage estuary-
dependent marine fishes is amongst the most impordémd least understood
mechanism in the life cycles of these species (fiéhdt 1989a, Whitfield 1994a,
Boehlert and Mundy 1998).

research needs, information is needed on the fadriring the recruitment of larvae

According to Strydom(Q2)) when assessing future

and juveniles into estuaries.

Table 6.1.A review of published information on fish commuedt in temporarily

open/closed estuaries (TOCES).

Reference Estuary Duration
Blaber (1974a) West Kleinemonde Estuary, SouthcAfri 2 years
van der Elst (1978) Kobole Estuary, South Africa ngte survey
Bennett (1989) Kleinmond Estuary, South Africa 1@nths
Humphrieset al. (1992) Wilson Inlet, Australia 12 months
Whitfield and Kok (1992) Swartvlei Estuary, Soutfriéa 18 months
Potteret al. (1993) Wilson Inlet, Australia 18 months
Pollard (1994) Lake Wollumboola, Australia 3 years
Potter and Hyndes (1994) Wilson Inlet, Australia mMdnths
Younget al. (1997) Moore River Estuary, Australia 12 months
Griffiths and West (1999) Bellombi Laggon, Fairye€k and Werri Lagoon, |12 months
Australia
Cowley and Whitfield (2001b)| East Kleinemonde, $obfrica 2 years
Griffiths (2001) Shellharbour Lagoon, Australia mbnths
Pampoulieet al. (2001) Vaccares Lagoon, France 5 years
Vivier and Cyrus (2001) Nhlabane Estuary, Southoafr 5 years
Cowley and Whitfield (2002) | East Kleinemonde, Soéfhica 4 years
Desmondet al. (2002) Los Pefiasquitos Lagoon, San Diego 11 years
Raz-Guzman and Huidobro ([Laguna Salinas del Padre, Mexico 12 monthg
(2002)
'Young and Potter (2002) Wellstead Estuary, Australi 21 months
Vorwerket al. (2003) Eastern Cape estuaries, South Africa sisigleey
Poizatet al. (2004) Vaccares Lagoon, France 10 years
Harrison (2005) South African estuaries single ayr
Lukeyet al. (2006) Grant’s Valley Estuary, South Africa 4 muont
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The overall aim of this study was to improve ouderstanding of fish recruitment
processes into small TOCEs and to describe lomg-teiterannual changes in
richness, abundance, diversity and structure ofichthyofaunal community in the
East Kleinemonde Estuary. In the latter objectienphasis was placed on
investigating linkages between environmental vadesband changes in fish
composition and abundance within the estuary. T$tisdy also included an
assessment of the year-to-year recruitment suafesgo estuary-dependent marine
species that adopt different recruitment stratedreaddition, laboratory experiments
were designed to assess some of the factors gogetime immigration of marine fish
larvae into estuaries, with particular focus oned®ining whether recruiting larvae

are able to distinguish water from different sosrfeabitats).

Most fishes have complex life cycles and occupfediint niches at different stages of
their lives. The movements and migrations assotiatgh this process have been
debated in detail by numerous authors (e.g. Noscansl Shaw 1984, Beckley 1985,
Boehlert and Mundy 1998). The term recruitmentfteroused in different contexts.
Beverton and Holt (1957) defined recruitment a® “@mtrance of new individuals in
the area where fishing occurs.” However, the de@inimost applicable to estuary-
associated fishes is that given by Gulland (1988p wlefined recruitment as the
migration to/from nursery areas or a change intaabise. The size and structure of
estuarine fish populations are determined by tlbeurenent of marine, estuarine and
freshwater spawning species, although in the Edsh&monde Estuary the juveniles
of marine-spawning species dominate the ichthyadawvith estuary-dependent
marine species comprising 64% of the species redomhd estuarine-spawning
species only 18% (Chapter 3). Similar findings @rms of marine migrant fish
dominance have been reported from TOCEs and pemtignepen estuaries
worldwide (Loneragamt al. 1989, Whitfieldet al. 1994, Pottekt al. 1997, Griffiths
2001, Castillo-Riverat al. 2002, Harrison 2005).

The main feature of the life cycle of most maripensning species entering southern
African estuaries is an obligate juvenile phase |[@¢a 1975). Spawning occurs in
the nearshore marine environment and once theegrefi larval stage is complete,

fish movement becomes very active and individualterethe surf zone (Whitfield
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1998). For many estuary-associated taxa the suré 2® an important transit and
accumulation zone (Boehlert and Mundy 1988, Haamd Cyrus 1996, Cowlest al.
2001, Harriset al. 2001, Strydom 2003) and may even be regardechdaterim
nursery area (Whitfield 1989b). Larvae then mownglthe coast within the surf zone
(Strydom and d’Hotman 2005) and accumulate at esto@uths before moving
upstream into estuarine nursery areas (BoehlertMumitly 1988). After a residence
time of between 1 to 3 years fish return to the wba&re they join adult stocks
(Whitfield 1998).

Numerous researchers have suggested that olfastitwe primary sense responsible
for the successful location of estuarine environtsiéa.g. Whitfield 1994a, Cowlest

al. 2001, Strydom 2003). However, a review of theditere (Table 6.2) indicates that
no empirical evidence has been provided for estaaspciated marine fish species
using olfaction as a mechanism to locate estuasiaters. Studies on catadromous
and anadromous species (eels and salmon) and genaeithe other hand, have
confirmed the importance of olfaction in the migpas of these fishes between

marine and riverine environments (Table 6.2).

This study provides the first empirical evidencetloa use of olfaction in guiding an
estuary-dependent marine spawning fish to its pymaursery area. Laboratory
studies conducted on postflexidtihabdosargus holubi larvae (Chapter 5) revealed
that they are able to recognise different watersessSeveral authors have proposed
a likely recruitment pattern displayed by estuasgexiated marine-spawning fish
species. The findings of this study are in agreemeéth the pattern proposed by
Whitfield (1994a), with additional refinements. Bdson the evidence presented in
Chapter 5, the proposed recruitment pattern adopyjedharine-spawning estuary-
dependent species is as follows; initially, laneae attracted to surf zone water and
maintain position within this zone but may movestatly along the coast. Only later,
when accumulating and migrating into estuaries, lareae attracted to estuarine
water as opposed to other water types. Once ieghery, larvae usually continue to
move up the system towards littoral nursery areas ae now mainly attracted to
river water cues. Larvae and early juveniles prgpbabke olfaction, along with other
cues such as salinity, temperature and turbiditgdignts to ‘fine tune’ their

movements to specific nursery areas within estsari@lfactory cues may be
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particularly important in orientating towards ugstm nursery areas in TOCEs where

strong horizontal gradients are often absent. €kalts from this study are illustrated

in Figure 6.1.

Table 6.2. A review of published information on the importanaf olfaction to the

recruitment of estuary-associated taxa.

Reference | Country Estuarine | Spawning Reference to olfaction Empirical
dependenceg evidence
guild
Boehlert and |Americg Estuary- Marine [Olfactory cues were identdd as one No
Mundy (1988) dependent| spawning |several point source stimuli that could
elicit behavioural responses by larvag.
Whitfield South [ Estuary- Marine [Suggested that olfaction assists the No
(1994a) Africa | dependent| spawning [immigration of postflexion larvae intg
estuaries
Cowleyet al. | South | Estuary- Marine [Larvae accumulate in the surf zone and No
(2001) Africa | dependent| spawning |may be responding to olfactory cues
Strydom (2003) South [ Estuary- Marine [Suggested that olfaction assists the No
Africa | dependent| spawning |immigration of euryhaline marine fish
larvae into estuaries
Benfield and |Americg Estuary- Marine [Attraction of postlarval prawn larvaeto Yes
Aldrich (1992) dependent| spawning |estuary water was tested in a choice|
chamber.
Miles (1968) | AmericgCatadromous Marine [American eels showed positive Yes
spawning |rheotaxis to fresh water
Johnsen and|Americg Anadromous FreshwatefChemical cues are used by salmonin Yes
Hasler (1980) spawning [their upstream migration
Sola and Tosi| Italy |Catadromous Marine [Migrating glass eels were shown to he Yes
(1993) spawning |attracted to bile salts and taurine
Dittmanet al. |Americg Anadromoug FreshwatefJuvenile Coho Salmon learn odours| Yes
(1996) spawning |associated with their home stream
Barbin (1998)| AmericgCatadromous Marine [Anosmic yellow-phase American eels Yes
spawning |were followed through an estuary
Barbinet al. [AmericgCatadromous Marine |Anosmic silver-phase American eels| Yes
(1998) spawning |were followed through an estuary
Vrieze and |Americg Anadromousg FreshwatefMigrating lamprey showed a strong Yes
Sorensen (2001) spawning |attraction to stream water vs lake water
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Figure 6.1. Determinants of fish community structure in thestE&leinemonde
Estuary during open mouth conditions (red arrowsyl anovement of estuary-

associated marine fish larvae into estuaries (@ftmws).

Under closed mouth states in TOCEs (refer to Figu2g, the larvae and juveniles of
estuary-dependent species could orientate towhedse testuaries by using olfactory
cues present in the estuarine water that seepsgihrthe sand bar at the mouth
(Whitfield 1994a). Evidence from this study (Chap® and other studies (Whitfield
1992b, Cowleyet al. 2001, Vivier and Cyrus 2001, Kemp and Fronemam2b@ve
shown thatRhabdosargus holubi and certain other species are able to recruit into
closed estuaries during bar overwash events. IpRatiolubi appears to make more

extensive use of overwash events to recruit int€ESthan open mouth events. Back
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extrapolated growth for seven distirRt holubi cohorts, caught between 1994 and
2006 in the East Kleinemonde Estuary, showed tivat recruited during overwash
conditions and only two recruited under open maghditions (Chapter 4). Cowley
et al. (2001) also suggested that the timing of peakalaabundance in late winter in
the Kleinemonde surf zone may be an adaptatiorake tdvantage of overwash

events generated by strong south-westerly windkisittime of the year, rather than

openings.
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Community structure
determined by the
recruitment of (A) freshwater,
(B) estuarine and (C) marine
spawning species

A) Closed conditions result in
inundation of marginal vegetation,
stable water levels and an absence
of water currents providing
favourable conditions for breeding
of Oreochromis mossambicus and
recruitment is therefore enhanced.

B) Recruitment of estuarine
spawning species is greater during
the closed phase as eggs and
larvae are retained in the estuary,
conditions are physically more
stable, and marginal vegetation is
inundated. Freshwater input
leading to mouth opening may
also enhance populations through
nutrient input.

C) The recruitment of marine
spawning species is lower when
the mouth is closed (particularly
during spring). Species such as
Rhabdosargus holubi and various
mullet are able to recruit via
overwash fransport but other
species such as Lithognathus
lithognathus and Pomadasys
commersonnii are unable tfo
recruit, resulting in lower marine
species richness and a less stable
marine community.

Figure 6.2. Determinants of fish community structure in thestE&leinemonde

Estuary during closed conditions (red arrows) aralement of estuary-associated

marine fish larvae into estuaries (blue arrows).
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Doherty (1981) proposed that local reef fish popafes might be sufficiently limited
by the supply of recruits that competitive interaics rarely determine subsequent
population size. This recruitment limitation hypesis may be even more relevant to
migrant marine fish populations in TOCEs. If no mvash or open mouth events
occur during peak recruitment periods then recreiittminto closed estuaries is
prevented (refer to Chapter 4). In a survey of Bl estuaries in KwaZulu-Natal,
Begg (1984) found that prevailing mouth state hasligmificant influence on the
abundance of marine-spawning species. Significdatlyer marine-spawning species

were found in temporarily open/closed estuariens thgpermanently open estuaries.

Numerous authors have suggested that the timingtido and frequency of mouth
opening events play an important role in deterngnfish species composition,
diversity and seasonality within TOCEs (Wallace araoh der Elst 1975, Beckley
1984, Kok and Whitfield 1986, Young al. 1997, Griffiths 1998). According to
Potteret al. (1993) researchers have not yet determined whaihgfterm changes in
fish communities of TOCEs reflect the period thatse estuaries were landlocked
(isolated from the sea). This study has providedfitst real opportunity to test this
important hypothesis because it has combined atlermg dataset of fishes in a TOCE

with a matching long-term dataset on estuary metéte.

The timing of mouth opening did have a significaffect on species composition in
the East Kleinemonde Estuary with MDS grouping geato two distinct groups
(Chapter 3). More species were recorded during syghat succeeded spring
(September to November) mouth opening events thayears following no mouth
opening events in spring. Mean annual CPUE forisgdbat recruit predominantly in
spring were higher in ‘spring opening’ years. Spedhat are known to recruit during
both overwash and open mouth conditions were ciemgig recorded each year,
irrespective of a ‘spring openingLiza richardsonii has been recorded entering
Western Cape estuaries throughout the year (Befhf88, Whitfield and Kok 1992)
and this species was recorded in greater numbehe ikast Kleinemonde during non

‘Spring opening’ years.

Two different periods of stability were identified the East Kleinemonde Estuary.
(1995-2000; 2001-2005). During the 2001-2005 peddugher value for Kendall’'s
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coefficient of stability YV) was recorded and there was also an increaséeiraimual
community stability (IMD) and seriation (IMS) frothe ‘other’ years to the ‘spring’
years (Chapter 3). These results suggest that optimmouth opening for fish
recruitment is during spring (September-November) Gape TOCEs and the
predominance of spring opening events between 28812005 may have allowed for

the regular recruitment of a wide variety of marspecies into the estuary.

Other long-term studies have also noted seriakpadtof community change (e.g.
Potteret al. 1997, 2001, Warwickt al. 2002). Potteet al. (2001) collected fish from
the intake screens of the Oldbury Power StatiothenSevern Estuary, UK, between
1972 and 1977 and between 1996 and 1999. Ordinafiabundance data revealed
that the relative contribution and abundance ofousr species changed between the
two decades and this was related to reductionseinischarges of industrial effluents.
Similarly, Warwicket al. (2002) revealed a serial pattern of community gean the
macrobenthic community in the Tees Estuary, UKhwitmajor shift in composition
in 2004 coinciding with the construction of a bgean the estuary.

The dynamic nature of individual populations in tast Kleinemonde Estuary was
also highlighted as the abundance of all speciesd/anarkedly between years. For
example, maximum abundance fBhabdosargus holubi (264 fish/haul in 2003),
Myxus capensis (83 fish/haul in 2004) an@ilchristella aestuaria (1662 fish/haul in
2005) was several times greater than in the yddesast abundance (21 fish/haul for
R. holubi in 2001, 0.2 fish/haul foM. capensis in 1995 and 97 fish/haul foB.
aestuaria in 1996). This was because the recruitment sthsngt juveniles varied
among years and the years when recruitment wasegtearied among the different
species. Similarly, Cowley and Whitfield (2001lbuhd that populations of marine-
spawning species in the East Kleinemonde Estuarglaaracterised by a high degree
of interannual variability. For example, the tgtapulation size of all marine fishes in
the estuary increased by almost eight fold from arksnecapture experiment
conducted between October 1994 and December 1988 @00 individuals) to a
mark-recapture experiment conducted between Oct@B86 and February 1996
(~133 000 individuals). The large interannual Vaitiy was attributed to both abiotic

(estuary mouth state) and biotic conditions.
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Recruitment variability of estuarine fishes appdarbe a common feature worldwide
(Philippartet al. 1996, Potteet al. 1997, 2001, Poizat al. 2004). Potteet al. (1997)
found that the abundance of the main species canghe Severn Estuary, UK, was
at least one order of magnitude greater in yearmadimum abundance than in years
of least abundance. Potgral. (1997) attributed this to recruitment variabili¥ear-
class strengths of different species are largelgrdened at the early life-history
stages through mechanisms that are poorly understdabling 1995, Costat al.
2002). As a result, egg and larval survival is ipafarly important in determining
fluctuations in recruitment (Jobling 1995). The ieonmental factors that are most
likely to effect egg and larval survival includeeténg conditions, disease outbreak

and predation rates (Jobling 1995).

In TOCEsS, particularly the East Kleinemonde Estuamguth state is also extremely
important in determining the abundance (and vdrigpiof fishes (Cowley 1998).
This study made use of long-term records of daibuth conditions and linked them
to the recruitment of distinct year class cohomtgwo species with contrasting life-
history characteristics. Significant recruitmentLathognathus lithognathus into the
East Kleinemonde Estuary only occurred in yearsnathe mouth was open between
late August and January. This species has a relatoonstant and limited breeding
season, with spawning by adults taking place inrtbarshore environment off the
Eastern Cape coast primarily between June and Adiehl 1973). Recruitment and
CPUE of small and larger juvenile lithognathus increased from 2002 onwards when
the mouth opened consistently during spring, thiesving recently spawned fish to
enter the estuary on an annual basis (ChapterhéyeTwere also years of little or no
recruitment when the mouth failed to open duringrgp(1997 and 1999) or where
there was recruitment failure from the marine emwmnent (2000). Recruitment
failure into TOCEs may have major implications fois species that is an important
and overexploited component of the recreationdiefig. Year-class strengths of
adults available to the fishery may decrease inyth&rs following closed mouth
conditions in spring, thus adding to the pressussted on the existing stock.

In contrast, 0+ Rhabdosargus holubi juveniles (<60 mm SL) were recorded
consistently in summer and winter samples overpirgod studied. Recruitment by

this species appeared to be uninterrupted and wadatermined by seasonality of
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mouth opening events. This sparid overwhelminglynoated the marine-spawning
component of the East Kleinemonde Estuary and ceeg63% (range = 34-92%) of
the catch composition sampled with the large meshesnet (Chapter 3). The
dominance of this species in the East Kleinemomdieacgher TOCESs can be attributed
to the extended breeding season as well as itisyatioilrecruit during both overwash

and open mouth conditions (Chapter 4).

In the East Kleinemonde Estuary the timing of mayplening events (abiotic factors)
and life-history pattern (biotic factors) togethefluenced species composition and
abundance. Species with medium to extended breestingons that recruit during
overwash and open mouth conditions or breed inetsteiary dominated catches
numerically (Table 6.3). In contrast, species wihtricted spawning seasons, most of
which only recruit into estuaries during open moatinditions, were found in low
numbers within the estuary (Table 6.3). Life-higtpattern has also been identified as
an important factor determining species composiéiod abundance in other estuaries
(Loneraganet al. 1989, Pottert al. 1990, 1993, 1997, Jones al. 1996). In the
permanently open Port River-Barker Inlet, spedied énter estuaries as juveniles but
are not entirely dependent on estuaries as nueseds, dominated the littoral fish

assemblage of this estuary (Jackson and Jones.1999)
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Table 6.3 Reproductive seasonality and recruitment behaviiuthe 10 most

abundant species caught in the East Kleinemondagst

Species Spawning period* Recruit during Life Rank
overwash events | history

Gilchristella aestuaria Breeds all year rour |Extende: NA la 1
Atherina breviceps September - Februaiyedium NA la 2
Rhabdosargus hol ubi July - February Extended Yes lla 3
Glossogobius callidus October - November| Short NA Ib 4
Myxus capensis March - November | Medium Yes Vb 5
Monodactylus falciformis |October - February | Mediun Yes lla
Oreochromis mossambicus |September - FebruafWedium NA v 7
Liza richardsonnii September - March | Extended No lic 8
Liza dumerili December - February Short Yes lla D
Lithognathus lithognathus |June - August Short No lla 1

* Short 1 — 3 months
Medium 4 — 6 months
Extended > 7 months

In the East Kleinemonde Estuary, interannual changethe abundance of certain
estuarine-spawning species appeared to be relatedntfall and thus river pulses. A
peak in CPUE of 1662 fish per haul was recordedsitechristella aestuaria in 2005.
This coincided with the highest annual rainfall oeted during the 11-year study
(which fell between December 2004 and December R08&cording to Whitfield
(2005), river pulses are particularly important imfluencing the abundance of
estuarine resident species. The filter-feedigestuaria is the most abundant species
in the East Kleinemonde Estuary and forms an ingmorlink in the food chain in
South African estuaries as it is preyed upon byousr predatory fish (Whitfield and
Blaber 1978). Martiret al. (1992) recorded an order of magnitude increasthén
abundance o06. aestuaria in the St Lucia Estuary following minor floodinbat led

to the mouth of the estuary opening. This waslaited to the phytoplankton bloom
and increased zooplankton stocks associated wehfltioding. However, major
flooding in estuaries can result in a decreasesinagine resident species. Strydem
al. (2002) recorded an absence of yoh@estuaria in the water column of the Great
Fish River during periods of high flow and attriedtthis to large numbers of eggs

and larvae being swept out of the estuary.
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Cowley (1998) found that mouth opening is importmtthe reproductive success of
estuarine spawning species in the East Kleinemé&stigary. Reproductive activity is
halted during low level water conditions followireg mouth opening event while
closed mouth conditions result in more stable ptalsconditions, elevated water

levels and habitat inundation resulting in an iaseein breeding success.

Temporal changes in the abundance @feochromis mossambicus, the main
freshwater species in the East Kleinemonde Estweeye not a major topic of this
thesis. However, a new study was instigated in 2@05nvestigate spatial and
temporal trends in the abundance of juveniles isf $pecies (Ellender 2006). Mouth
phase has been found to affect the abundanc®.ofmossambicus in TOCEsS
(Whitfield and Blaber 1979). Closure of estuaridtem results in inundation of
marginal vegetation, stable water levels and arerates of water currents, which
together result in more favourable breeding coadgi(Whitfield and Blaber 1979).
In the East Kleinemonde Estuary a mouth openingntevecorded during peak
breeding season (spring and summer) resulted iecaedse in the abundance of
juvenile O. mossambicus in late 2005. This was linked to a cessation it helilding

and spawning behaviour (Ellender 2006).

On a broader scale, climate change may have a wdngglications for estuarine fish
population dynamics. Climate change has the patenti affect estuarine use by
fishes through habitat alteration (for example merease in the frequency of storms
may lead to a loss of habitat) and major aspectfisbf physiology, for example
salinity and temperature tolerances of fishes, Wwhagll result in changes in the
distribution of species (Elliot 2002). Clark (200pjedicts that the most obvious
changes associated with increased sea surface renmes around South Africa will
be shifts in the distribution of individual specmsspecies assemblages. Tropical fish
species will occur in greater numbers and the idigional ranges of temperate
species may be reduced. The combined result willchanged fish population
dynamics within the estuaries affected by climdtange, particularly those systems

in the vicinity of biogeographical boundaries.

Harrison and Whitfield (2006) found that the ocemee and abundance of fish fauna

in South African estuaries are linked to two priynamariables: temperature and
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salinity. Although warm-water endemic species dated the ichthyofauna of the
East Kleinemonde Estuary both in terms of the nundjespecies recorded and
abundance there were also five tropical speciesrded in catches from 1999
onwards (Chapter 3). The distribution of these mE®eds strongly linked to
temperature and they are normally only recordeduibtropical estuaries (Harrison
and Whitfield 2006).

The appearance of tropical species in catchestegsulh an increase in species
richness over the study period (Chapter 3). The® d&lso been an increase in sea
surface temperatures recorded off East London andAHred (Chapter 2). Although
tropical species are still recorded in low numberthe East Kleinemonde Estuary, in
time there may be changes in the population dymamidhe estuary. Clark (2006)
anticipates changes in the interactions betweenperiss and its competitors,

predators, prey and/or pathogens as a resultroatti change.

One of the eight recognised threats to biodiveisitifastern Cape estuaries is change
to biochemical and estuary mouth characteristicgs@a by increasing riverine
offtake. Abstraction and other water use changesgtrality, quantity and timing of
water reaching estuaries (Breah al. 2004). This study has highlighted the
importance of the timing of mouth opening to trehfcommunity in a typical TOCE
and also goes a long way towards understandingnéeral variability within an
Eastern Cape TOCE, which is a goal set out forntmmitoring of South African
estuaries (Breeat al. 2004). If upstream water abstraction continuoysivents the
opening of Eastern Cape estuaries during spring #m@ecies richness in these
estuaries will decline to the detriment of impottaiishery species such as
Lithognathus lithognathus and Pomadasys commersonnii. These species are already
overexploited and their restricted spawning seasams inability to recruit into
estuaries during overwash events make them eslyecidherable to reduced open

mouth conditions and degradation.

It is recommended that the findings of this studyificorporated into a management
protocol for the East Kleinemonde Estuary withtertindicators being identified and
monitored. Key indicators identified for monitoring South African estuaries include

land use, co-operative governance and co-managgiBexenet al. 2004) and these
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need to be incorporated into the East Kleinemondamitoring protocol. Further

studies should also be conducted on the cueingstiag/-dependent and estuary-
associated marine fish into estuaries. These cowtlide an assessment of the
importance of conspecifics already in the estuaryntigrating larvae and the
attraction of larvae to water from different estesy e.g. water from estuaries with
excessive freshwater abstraction from the catchrmergus water from undisturbed
estuaries. Although Cyrus and Blaber (1987a, 198/87c) have conducted
pioneering studies on the turbidity preferencesalécted southern African estuary-
associated fishes, further work also needs to bedwwded on other possible

recruitment cues such as salinity and temperatuie@wide variety of species.
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APPENDIX 1

State of the East Kleinemonde Estuary mouth frommckld 993 to September 2006
(Cowleyet al., unpublished data).
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