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Abstract

Abstract

The ichthyofaunal community structure, populatigmamics and movement
patterns in the small temporarily open/closed (TQGEant’s Valley estuary, situated
along the Eastern Cape coastline, were investigatedthe period May 2004 to April
2005. Community structure in the littoral zone wassessed, while growth of
selected ichthyofaunal species was investigatesigushe MULTIFAN model.
Population size was assessed using mark recaptuoelsnand movement within the
estuary using the Hilborn (1990) model. Total iglutaunal densities and biomass
within the littoral zone ranged between 0.31 to481fish m? and 0.20 to 4.67 g wwt
m?, with the highest values typically recorded durthg summer. Results of the
study indicated that the ichthyofaunal communityucure within the estuary was
closely linked to the mouth phase and the estabkstt of a link to the marine
environment via overtopping events. In the absesic@ny link to the sea, the
ichthyofaunal community was numerically dominatgddstuarine resident species,
mainly Gilchristella aestuariaand to a lesser extent, by the river goBjgssogobius
calliduswhich collectively compriseda. 88% of all fish sampled. The establishment
of the link to the marine environment contributedan increased contribution of
marine breeding species (elghabdosargus holupbiMyxus capensiand Atherina
brevicep$ to the total ichthyofaunal abundances. In cairéotal ichthyofaunal
biomass was almost always dominated by marine brgexpecies by virtue of their
larger sizes. Results of hierarchical cluster ssedydid not identify any spatial
patterns in the ichthyofaunal community within th#oral zone. Results of
MULTIFAN analysis indicated estuarine resident figbecies bred over an extended

period with peaks occurring in the summer montlmversely, marine breeding fish




Abstract

were shown to recruit into the estuary followingedepping and breaching events.
Results of the mark-recapture experiment indicatpdpulation ota. 12 000 (11 219

— 13 311) individuals greater than 50mm SL. Matmeeding speciesR( holubi,
Monodactylus falciformis and two mullet species) numerically dominated the
ichthyofauna, possibly as a result of their effextise of overtopping events. The two
mullet speciesiM. capensisandLiza richardsonii,and the Cape stumpno$e,holubi
moved extensively throughout the estuary, while temaining species exhibited
restricted movement patterns possibly due to tleéepence for refuge and foraging
areas associated with reed beds. The observednmeoweatterns of individual fish

species appeared to be associated with both fardgihaviour and habitat selection.
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Chapter 1:

Introduction

The South African coastline stretches éar 3000km from the Orange River mouth
on the west coast to Kosi Bay on the east coastedan the mean seawater
temperatures and annual rainfall, the coastline lmarnbroadly divided into three

climatological regions; the subtropical region, tharm temperate region, and the
cold temperate region (Allanson and Baird, 1999ridan et al, 2000) (Figure 1.1).

The two zones situated on the Indian Ocean, thércpibal region north of the

Mbashe River, and the warm temperate region solitheo Mbashe River to Cape
Point near Cape Town, are influenced by the warnmlidas Current (Figure 1.1). The
Benguela Current influences the cool temperateregiong the west coast (Allanson
and Baird, 1999). Within these three climatic regicare 250 functional estuaries

(Whitfield, 1995).

South African estuaries fall into many differerasdification system, with the
simplest classification being those that are ndgmaben or normally closed (Figure
1.2). Open estuaries can be further subdividezlbatred (with sand accumulation at
the mouth exposed above high tide) or non-barraethdwt the sand accumulation)
estuaries. Open barred estuaries are further sdedivnto river dominated and tidal
dominated estuaries. Normally closed estuaries@adivided into perched and non-

perched estuaries (Harrisehal, 2000) (Figure 1.2).
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Figure 1.1: Biogeographical regions and predominant oceaniceats along the
coast of South Africa. (After Allanson and Baird999.
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1.1 Temporarily open/closed estuaries (TOCE)

TOCE account forca. 70% of all functional estuaries along the Soutfrican
coastline (Whitfield, 1992). These estuaries &a@acterised by a sandbar across the
mouth that acts as a barrier between the marinestudrine environment. TOCE are
generally characterised by a virtual absence ofzbotal temperature or salinity
gradients. This is due to the small catchment Gjeaerally < 500kf), which limits
freshwater inflow and strong persistent coastaldaiwhich facilitate mixing of the
water column (Froneman, 2002a). Physical and atenvariables within these
systems are strongly influenced by seasonality r@gibnal climate. Day (1981a)
found that the annual water temperatures in counptrate estuaries ranged between
11 and 24°C, while in the warm temperate zone aeste water temperatures ranged
between 18 and 30°C. Finally, in the subtropicatez annual temperatures varied
between 19 and 28°C (Day, 1981a). Variations Imisa are generally associated
with rainfall patterns with highest salinities gesl®y recorded during the dry season

and lowest during the rainy season (Day, 1981&/iliers et al, 1999).

South African TOCE can be placed into two differggbmorphic categories;
perched and non-perched systems (Harrisbmal, 2000). Perched TOCE, which
predominate along the southeastern coastline afhseou Africa (KwaZulu-Natal),
have an elevated berm barrier resulting in the mateels within the estuary being
higher than the levels of most high tides (Figurg).l Breaching occurs in these
systems when freshwater inflow exceed the outputsevmporation, seepage,
evapotranspiration and human use (Harrigbnal, 2000). The resulting breach

coincides with a rapid cutting down of the bermrigsrand outflow
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Figure 1.3: Cross-sectionatiagram of perched temporarily open/closed estuary.
Under balanced conditions (A), the stream flow &tched by evapotranspiration and
seepage. Overwashing (B) may elevate water lempts salinity and increased
streamflow (C) may promote breaching. When bredadi® the water levels are
lowered and tidal flow may take place if the bewewd! is sufficiently low. (After
Harrisonet al 2000).
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of water, which can drain the system within a fevus. Due to the presence of the
elevated sandbar at the mouth, overwash of maraters/across the sandbars seldom
takes place. As a consequence, salinities withircheel systems are typically

mesohaline to oligohaline (< 10%.) (Harrisenal, 2000).

In non-perched TOCE, water levels within the estwae similar to that of the
marine environment. These systems have a tendencyertop with marine water
during spring-high tides or during severe stormegtipularly during winter (Figure
1.4). The establishment of frequent links to therime environment via overtopping
results in these systems having a relatively comstarface area and volume, and
often provide a more stable habitat than perchadges (Harrisoret al, 2000). The
increased frequency of overtopping events can itotg to the salinity in non-
perched estuaries typically being >10%. (Harriginal 2000). However, salinity
values may be <5%. during periods of high rainfatile during periods of drought,
hypersaline (>40%0) conditions may predominate tghmut the system (Day, 1981a;

Harrisonet al, 2000).

1.2 Sediments

Bottom sediments within the upper and middle reacbe TOCE are comprised
mainly of clays, mud and organic matter of riveriokgin, whereas in the lower
reaches, coarse marine sediments prevail (Day 198itwerk et al 2001; Tweddle,

2003).
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A L
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near marine AN
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Figure 1.4: Cross-sectional diagram of a non-perched tempygranden/closed
estuary. Under balanced conditions (A) stream fiswbalanced by losses through
evapotranspiration and seepage. Under high waseyer{B) overtopping introduces
marine water into the system. Under improved isplubm overtopping (B) and
stream flow (C) the system my breach. The deptkhefchannel is low since the
estuary water level is close to sea level. (Aftarri$onet al 2000).
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1.3 Light Environment

Turbidity within TOCE is largely determined by mbuwtatus and freshwater inflow
into the estuary. During the open phase or follmvireshwater inflow into the
estuary maximum turbidity values are recorded, Wwhiange between 30 and 90
NTUs. Conversely, when the estuary is closed,iditsbis reduced to <15 NTU

(Froneman 2002a; 2002b).

1.4 Phytoplankton and zooplankton communities

Phytoplankton and microphytobenthic algae reprearrimportant carbon source for
both invertebrates and vertebrates in estuarieserd®m and Whitfield, 1997;
Froneman, 2001). In agreement with studies comdudh permanently open
estuaries, phytoplankton biomass and productionivitOCE have been shown to be
positively correlated to freshwater input, whicmdze attributed to increased nutrient
and macronutrient availability that promotes thevgh of phytoplankton, particularly
diatoms (Adamset al, 1999; Nozaiset al, 2001; Froneman, 2002a; Froneman,
2002c; Perissinottet al, 2002; Perissinottet al, 2003). During the closed phase
when macronutrients concentrations are low, tdtgtgplankton biomass is generally
low (<5 mg chl a if) and is dominated by small picoplankton (sn), reflecting
reduced production resulting from nutrient limitetti(Nozaiset al, 2001; Froneman,
2002a). During this phase, microphytobenthic atgaicentrations attain their highest
values (Perissinottet al, 2002; Froneman, 2002a; Froneman, 2002c). Fanpba
during the closed phase, microphytobenthic algamiiss can be one to three orders
of magnitude higher than the phytoplankton bion{dkwaiset al, 2001). The large
concentrations of microphytobenthic algae within OB can be linked to the

favourable light environment and the virtual abseatcurrents which allows for the
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establishment of dense algal mats (Perissinetttal, 2002). The inflow of riverine
water into the estuary coincides with a dramaticrel@se in the microphytobenthic
algae biomass resulting from increased turbidity amsuspension of sediment

(Nozaiset al, 2001; Froneman, 2002c).

Zooplankton communities, within TOCE, are dominatedmerically and by
biomass, by mesozooplankton (<2000um). Copepotieajener&@seudodiaptomus
and Acartia contribute >95% of total abundance and biomasso{@vimige, 1999;
Froneman 2004). Total abundance and biomass oflaaddpn in TOCE has been
shown to vary in response to freshwater inflow, dfoavailability and the
establishment of a link to the marine environmeatowertopping or breaching events
(Froneman, 2004). Mesozooplankton abundance veaweshighly variable with
abundances ranging from <1® 10 individuals- m™ and biomass from 10 to 1fhg
dwt - m? (Perissinottcet al, 2002; Froneman 2002a; 2004). The lowest aburelan
and biomass are typically found when the estuasy ireached (Froneman 2004).
The zooplankton diversity in TOCE has been showbetdower than that recorded in
permanently open estuaries within the same georapgion largely reflecting the
reduce contribution of marine breeding species iwithese systems (Wooldridge,
1999; Froneman, 2001; 2002a; 2004). However, Voflg breaching and
overtopping events, diversity of the zooplanktorthiw TOCE is similar to that

recorded in the larger permanently open systenm@man 2004).

1.5 Aquatic vegetation communities

Areas of vegetation within estuaries provide stradt complexity and habitat for

estuarine fauna (Whitfield, 1983; Adanet al, 1999). Estuarine reed beds and
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submerged macrophytes have a diverse and abunddaf Wwith stems that provide
surfaces for the attachment and growth of otheromamt epifauna (Adamst al,
1999; Weis and Weis, 2003). Salt marshes areraipemt feature of TOCE found in
warm temperate and cold regions, but are absent &stuaries in the subtropical
zone. The macrophytes found in TOCE are genetalgrant to salinity changes
(Adamset al 1999). The common species found in TOCE in thst&n Cape are
Phragmites australisRuppia cirrhosaand Potamogeton pectinatufMadsen and

Adams, 1989; Adamest al, 1999; Collotyet al, 2002).

1.6 Ichthyofaunal communities

Considerable research effort has been undertakegheoiththyofaunal communities
within permanently open estuaries along the sootAdétican coast over the past three
decades (Blaber, 1976; Whitfield, 1980a; Beckle983;, Beckley, 1984; Blaber,
1987; Whitfield and Kok, 1992; Ter Morshuizen anditfield, 1994; Bairdet al,
1996; Harris and Cyrus, 2000; Whitfield and Hamis@003). Worldwide, estuaries
support a huge diversity of marine fish speciesntény 1938; Whitfieldet al, 1989;
Neira and Potter, 1992a; Thiel and Potter, 200aretpuizaret al, 2004), many of
which are present as juveniles highlighting the ontgnt role of estuaries as nursery

areas.

Based on their estuarine dependence, Whitfield§1L®8s classified the fish
species in South African estuaries into five udilian categories (Table 1.1). This
classification method is an updated, southern Africapproach, but is easily
compared to the classification methods employeusiralia and indeed elsewhere in

the world (Potter and Hyndes, 1999; Thiel and Po@01).
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Table 1.1: The five major categories of fishes that utilizeithern African estuaries.
(After Whitfield 1998).

Categories Description of Categories

Estuarine species which breed in southern Africaraests Further subdivided into:
la. Resident species which have not been recorded sgaimmmarine or freshwater environments.
Ib. Resident species which also have marine or freshiwegeding populations.

Euryhaline marine species which usually breed at séathé juveniles showing varying degrees
of dependence on southern African estuaries. Furttelivsded into:

Ila. Juveniles dependent on estuaries as nursery areas.

IIb. Juveniles occur mainly in estuaries, but also fbansea.

Ilc. Juveniles occur in estuaries, but are usually mbrsdant at sea.

Marine species which occur in estuaries in small numbatsare not dependent on these systems.
Freshwater species, whose penetration into estuadesdemined primarily by salinity tolerance.
Catadromous species which use estuaries as a transibetuteen the marine and freshwater
environments, but also may occupy estuaries in cerégiions. Further subdivided into:

Va. Obligate catadromous species which require a frashywhasein their development
Vb. Facultative catadromous species which do not reguireshwater phase in their development.

11



Chapter 1: Introduction

The five categories are: () estuarine residenmith Atherina brevicepsGilchristella
aestuariaand Glossogobius callidusommonly occurring in South African TOCEs;
(I1) marine migrants, withiza richarsonij Mugil cephalusandRhabdosargus holubi
often accounting for much of the ichthyofauna otitBoAfrican TOCE; (lll) marine
stragglers, rarely found in TOCE; (IV) freshwatepesies, with Oreochromis
mossambicysoften present in South African TOCE; and (V) datanous fish, with
the freshwater mulletyxus capensjften found in great numbers in South African

TOCEs (Whitfield, 1998; Vorwerkt al, 2001).

1.7 Ichthyofauna in TOCE

The ichthyofaunal community structure and distiidmutin TOCE has over the past
few years received considerable attention (Cowety al, 2001; Cowley and
Whitfield, 2001; Vorwerket al, 2003; Tweedle, 2004). Results of these studiee h
shown that ichthofaunal community structure is didko the mouth phase and the
establishment of a link to the marine environmeiat avertopping (Cowleyet al,
2001, Kemp and Froneman, 2004) (Figure 1.6). Tiesgmce of a sandbar at the
mouth of the estuary which limits recruitment ainme breeding fish species into the
estuary results in TOCE generally having lower gggediversity than that recorded in
permanently open systems within the same geograpgion (Strydonet al 2003).
Fish species diversity within TOCE estuaries in tBo@frica has been shown to
increase with overtopping and breaching eventsltregufrom the recruitment of
marine breeding species into the estuary (Bend®89; Whitfield et al, 1989;
Griffiths and West, 1999; Tweedle, 2004). In tlhhsence of a link, the ichthyofaunal
community is largely represented by estuarine ezgidpecies (Gobiidae, Clupeidae

and Atherinidae), which often numerically dominatamples (Vorwerlet al, 2001,

12
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2003; Kemp and Froneman, 2004; Tweedle, 2004). example, Vorwerket al
(2001) found that estuarine species accounte¢doB5% of the catch in the small
temporarily open/closed Klein Palmiet estuary alting Eastern Cape coast (Table
1.2). On the other hand, the ichthyofaunal biontasgs to be dominated by marine
breeding species by the virtue of their larger sigé/hitfield, 1989a; Cowley and

Whitfield, 2002).

Overtopping and breaching events result in an as®d contribution of
marine breeding species within the estuary refigatecruitment of juveniles from the
marine environment into the estuary (Betlal, 2001; Strydom, 2003; Kemp and
Froneman, 2004) (Figure 1.5). Persistent linkstite marine environment via
overtopping also contributes to the build up othglmfaunal abundance within TOCE
(Bell et al 2001; Kemp and Froneman 2004). Within individsydtems, shifts in the
abundances and biomass of ichthyofauna are lirkeelcruitment of marine breeding
species into the estuary, seasonal breeding pattérastuarine resident species and
habitat availability, including submerged macrogsytreed beds and sediment type
(Whitfield, 1983; Beckley, 1985; Marais, 1988; Stoyn et al, 2003). While the
overtopping events contribute to the build up dthyofaunal abundance and biomass
within TOCE, the breaching events coincide with mndatic decline in total
ichthyofaunal biomass as the biologically rich astue waters are exported into the
marine environment (Griffiths, 1999). Of those esine species exported during the
open periods, only the gobies have been showntecreit into the estuaries, having
passively been exported as preflexion larvae atidedy re-recruiting as post-flexion

larvae (Whitfield, 1989b; Neira and Potter, 1992b).
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Juvenile Habitat Adult Habitat
Coastal
Permanently Marine
Open Movement tc Environment

Estuary the adult

habitat

Recruitment

Intermittently

Open Movement tc
Estuar the adult
habitat
&%
&X . o
Qgpue
£ Recruitment

Figure 1.5 Representation of connections between the addljuvenile populations
for estuarine dependent marine breeding fish impeently open and intermittently
open estuaries. Black arrows represent permar@miection routes, grey arrows
represent intermittently open connections and tlwted arrow represents a
connection via overtopping.
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1.8 Environmental influence on the fish communities

Environmental factors such as temperature andityahave been shown to strongly
influence fish communities within both permanenthypen and temporarily
open/closed southern African estuaries (Daly al, 1981; Whitfield, 1999a).
Temperature has been shown to have a strong ici#uem abundance, while estuaries
with salinities near seawater tend to have higpeciges richness and total biomass as
they contain more marine fish species (Szedimayer Able, 1996; Marshall and
Elliot, 1998). However, species most commonly odogrin South African estuaries
have been shown to be tolerant to a range of 8abniespecially to lower salinities
(Whitfield et al 1981) (Figure 1.6). Fish abundance, however jmexiduring periods
of high freshwater inflow when salinities decreasebidity increases and there is a
higher likelihood of being washed out to sea (Mardi983; Ter Morshuizent al,
1996; Whitfield and Harrison, 2003). There is fluether effect of the scouring
during increased riverine flow as detritus is resw¥rom the estuary eliminated the
food source for detritivores, such as the mulleafdis, 1983). Due to the absence of
any distinct horizontal gradients in temperaturd salinity, ichthyofaunal community
structure demonstrate virtually no horizontal pae(Potteret al, 1993; Vorwerket

al. 2001; Tweddle 2004). A notable exception is rded at the mouth of these
systems, which are typically characterised by ame@msed contribution of marine
breeding species (Loneraganal, 1989; Neira and Potter, 1992a; Poteal, 1993;

Tweddle 2004).

There is a lack of seasonal variation in the @ismmunity structure of TOCE
as there are fewer opportunities for recruitmetd these estuaries (Griffiths, 2001a).

Seasonal breeding patterns of the estuarine spgwpiecies tend to lead to variations

15



Chapter 1: Introduction

in fish populations, within estuaries, over a yeand often show distinct summer
peaks in fish abundances (Gunter, 1938; Whitfig@99a). Furthermore, distribution
patterns of fish species tend to vary seasonaltii shanges in salinity, temperature

and with opening events (Morgt al, 1992; Neira and Potter, 1992a)

1.7. Thesis aims

Within the Eastern Cape region, the research ahyofiaunal community structure in
TOCE has largely focussed on medium sized systesm$ate area > 15ha), such as
the East Kleinemonde (Blaber, 1973; Blaber, 19@awley and Whitfield, 2001;
Cowley et al, 2001; Bellet al, 2001) and the Kasouga (Jubb, 1979; Froneman,
2002a; Froneman, 2002c; Tweedle, 2004). Informatan the ichthyofaunal
communities within the smaller (surface area < SHALCE within the region is thus
lacking. The absence of this data is surprisingegithat small TOCE are the
prevalent type of system recorded along the coas(Harrisonet al, 2000). The
main aims of this investigation are, therefore, to;
1. Investigate the seasonal and spatial pattertieiichthyofauna within the
littoral zone of a small Eastern Cape estuary,
2. Assess the population dynamics of the most comiisb species within the
estuary, and to
3. Examine fish population size and fish movemexttgons within this small

temporarilyopen/closed system.
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Family

Anguillidae
Ariidae

Atherinidae
Carangidae

Cichlidae
Clariidae
Clinidae
Clupeidae
Elopidae
Gobiidae

Haemulidae

Species

Anguilla mossambica
Galeichthys feliceps
Atherina breviceps

Caranx sexfasciatus

Lichia amia

Oreochromis mossambicus
Clarias gariepinus

Clinus supercliosus
Gilchristella aestuaria
Elops machnata
Caffrogobius gilchristi
Caffrogobius nudiceps
Glossogobius callidus
Psammogobius knysnaensis
Pomadasys commersonii
Pomodasys olivaceum

Hemiramphidae Hemiamphus far

Hyporhamphus capensis

Monodactylidae Monodactylus falciformis

Mugilidae

Pomatomidae

Soleidae

Sparidae

Syngnathidae
Teraponidae

Liza dumerilii

Liza macrolepis

Liza richardsoni

Liza tricuspidens

Mugil cephalus

Myxus capensis
Valamugil buchanani
Valamugil cunnesius
Pomatomus saltatrix
Heteromycteris capensis
Solea bleekeri

Diplodus sargus capensis
Lithognathus lithognathus
Rhabdosargus globiceps
Rhabdosargus holubi
Sarpa salpa

Syngnathus acus
Terapon jarbua

Tetraodontidae Amblyrhychotes honckenii

o

Salinity (%o)

20 w4c

60

8Q

—
o
‘on}

—

Figure 1.6 Salinity ranges of fish species commonly foumd Bastern Cape
estuaries. Arrow represents seawater. (After \Wtdakfet al. 1981, modified after
Vorwerket al.2001 and Whitfield 1998).
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Table 1.2:Fish species present in South African and worldweheporarily open/closed (TOCE) and permanenthndii®) estuaries.

Estuary Location Size Status # of Marine Estuarine  Freshwater Marine species % Reference
Fish Species species  species species of total abundance
Eastern
Grant's Valley Cape 3ha 10 15 9 5 1 8.6% This Study
Eastern
Klein Palmiet Cape lha 10 8 5 3 0 5.2% Vorwerk et al 2001
East Eastern
Kleinemonde Cape 17.5ha 10 19 12 6 1 17.7% Vorwerk et al 2001
Eastern
Mpekweni Cape 57.6ha 10 25 19 5 1 11.4% Vorwerk et al 2001
Eastern
Bira Cape 122.3ha 10 29 21 7 1 25.3% Vorwerk et al 2001
Eastern
Great Fish Cape 192.7ha PO 29 17 8 4 48.0% Vorwerk et al 2001
Eastern
Keiskamma Cape 197ha PO 30 20 10 0 26.5% Vorwerk et al 2001
Western
Bot Cape 1360ha 10 14 6 6 2 3.0% Bennett et al 1985
Swan Australia 5300ha PO 71 53 14 4 78.4% Loneragan et al 1989
Wellstead Australia 250ha 10 13 9 4 0 14.3% Young and Potter 2002
Elbe Germany 11700ha PO 58 38 2 18 99.0% Thiel and Potter 2001
Severn UK 55700ha PO 78 62 3 13 98.4% Potter and Hyndes 1999
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Chapter 2:

Study site

The Grant's Valley Estuary (33°412.1"S, 26°4212.6’E) is located
approximately 5 km east of Kenton-on-Sea in thedtasCape, South Africa (Figure
2.1). This small estuary (length 900m; maximumttviti4m) has a catchment area of
aboutcal3 knf. The estuary is shallow (<1.5m) with a surfaceaaofca. 3 ha
(Froneman 2002b). Clay sediments dominate the uppdrmiddle regions of the
estuary, while in the lower reaches the sedimentapcise mainly coarse marine
sands (P.W. Froneman, personal communication).er@evarm dams impound the
system, highly impacting fluvial input into the eaty. The catchment area of the
estuary is mainly covered in coastal thicket, altffoin the upper reaches the estuary
coastal grassland predominate (Figure 2.1). Reed, mainlyPhragmites australis
occur on the east bank in the lower reaches anavéfs¢ bank in the lower, middle
and upper reaches of the estuary. The middle esadfi the estuary are also

characterised by beds of the submerged macropPgtamogeton pectinatus
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3C°S

South
Africa

Indian
Ocean

2C°E 3C°E

Coastal
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Coastal thicket

Beach

Indian
Ocean

Figure 2.1: Map of Grant’'s Valley estuary, Eastern Cape, BoAfrica. The six
sampling sitesW)(1 to 6), the four mark recapture regionistp IV) separated by
block nets (dotted lines) and reed be I3 &re shown.
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Figure 2.2: Aerial photographs of the lower reaches of Gexalley estuary.
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Figure 2.3: Aerial photographs of the middle and upper readabfeGrant’s Valley
estuary.
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Chapter 3:
Spatial and temporal patterns in the ichthyofaunal
community within the littoral zone of the intermitt ently open

Grant’s Valley estuary

3.1 Introduction

Studies indicate that the ichthyofaunal communitycture of TOCEs is linked to the
establishment of a link to the marine environmeathreaching or overtopping events
(Neira and Potter, 1992b; Vorwert al, 2001; Cowleyet al, 2001; Vivier and
Cyrus, 2002; Kemp and Froneman, 2004). In theratesof this link, TOCEs show a
lower diversity and become dominated by estuamse&lent species (Neira and Potter

1992b; Griffiths 1999; Griffiths and West 1999).

With the exception of the mouth region, fish comitiga within 10 estuaries
appear to be well-mixed with no clear spatial patdn the distribution of species.
This absence of any spatial patterns can be linkele virtual absence of horizontal
gradients in temperature and salinity within thegstems (Vorwerket al, 2001;

2003; Froneman, 2002c).

The aim of this study was to investigate the spaina temporal patterns in
the ichhyofaunal community composition within thiétokal zone of the small

intermittently open Grant’s Valley estuary.
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3.2 Materials and Methods

3.2.1 Sampling procedure
Selected physico-chemical and biological variablese measured monthly at six

sites along the length of the estuary over theopest May 2004 to April 2005.

3.2.2 Physico-chemical
Temperature and dissolved oxygen concentratioeact site were measured using a
YSI 550D0 dissolved oxygen and temperature metdmi/ was measured using an

Atago S-10 hand-held refractometer.

3.2.3 Water column chlorophyll-a (chl-a) and midngppbenthic chl-a concentrations
Water column chl-a concentrations at each statienewneasured from 200mL of
water collected at 0.5 m depth that was filteredhgh a GF/C glass fibre filter
(Schleicher & Schuell Microscience). The filterene then placed in 8 mL of 90%
acetone and stored in a freezer at —20°C in th& dar 24 hours. Chl-a

concentrations were then determined fluorometgcamploying a 10-AU field

fluorometer (Turner Designs). Chl-a concentratiomse expressed as mg chl-&.m

Microphytobenthic algal concentrations were obtdifimm benthic cores (2 cm in
diameter) that were extracted in 90% acetone andcesdrations determined
fluorometrically employing the method described\aho Chl-a concentrations were

expressed as mg#of chla.
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3.2.4 Submerged macrophyte cover

The percent cover of submerged macrophytes atstatibn was estimated visually.

3.2.5 Zooplankton

Net tows were conducted at night using a modifieB-2Vnet (nominal mouth size
0.05 nf; mesh size 6qum) towed at the surface (approx. 1 m depth). Téewas
fitted with a flowmeter (General Oceanics) to detee the amount of water filtered
during each tow. The sample collected was immeljiaiixed in 10% buffered
(hexamine) formalin for the analysis of zooplanktmaomass in the laboratory. Total
dry weight (Dwt) of zooplankton at each station wiasermined from %2 subsamples
obtained using a Fulsom plankton splitter afterrodeying at 60°C for 24h using a
Sartorius microbalance. No correction factor floe toss of tissue for the sample

preserved with formalin was applied. Data was esped as mg Dwt

3.2.6 Ichthyofauna

Fish were collected, at each site, with a seinefmeh x 1 m with a 50@um mesh)
that was pulled parallel along the shore of theagtfor a distance of 8m. This gave
an effective sampling area @b 40 nf. Fish collected were preserved in 10%
buffered (hexamine) formalin solution and transpdrto the laboratory. In the
laboratory, fish were identified to species lewstgndard length (SL) measured and
weighed (g). Fish were identified to species asSmaith and Heemstra (1986). Fish
abundance and biomass values were standardizezkpressed as individualsn or

g wwt- m>.
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The fish collected were then classified accordmghe estuarine dependence
categories given by Whitfield (1998) (Table 1.1)The catadromous (type V)
freshwater mulletMyxus capensjswas grouped with the type IlI, because dams

restricted migration to the freshwater parts ofdpstem (Vivier and Cyrus, 2002).

3.2.7 Numerical analysis

Multivariate statistical analysis of the fish abande data was undertaken using the
statistical package Plymouth Routines In Multivegi&cological Research (PRIMER
v5). Abundance data was logarithm transformedhaedarchical cluster analysis was
employed to determine the temporal and spatialepst in fish community
composition. Groups were identified using hieraahcluster analysis. Sources of
dissimilarity between were tested using SimilaRgrcentage (SIMPER) programme
and while significant differences between the gsouwgere tested using Analysis of
Similarities (ANOSIM) programme. Ichthyofaunal digity during each month was

calculated using three commonly used methods (R8@é4):

Shannon-Wiener Diversity Index

H :Z_pi Inp,

wherep; is the proportion of individuals in species

Simpson’s Index
2
D=1- Z P
Margalef's Richness Index

(S-1)
Rvg="In N
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whereSis the number of species present, and

N is the total number of fish.

3.2.8 Statistical analysis

Monthly fish abundances and salinity values weralym®ed for differences using
ANOVA and significant values analysed with Newmaets post hoc test.
Comparisons between the biological and phyico-cbhahvariables were made using
Pearson’s correlation analysis. The analyses w@rducted employing the statistical

package, Statistica 6.1.

3.3 Results

3.3.1 Physical and chemical environment

A major breaching event occurred on the 22nd ofebdzer 2004, with a channel
connecting the estuary to the sea for a periodalys.dA minor breaching event also
occurred in April 2005 during which time the chahogened to the sea foa. 1 day.
Overtopping events occurred immediately prior t® dimset of the survey, on 28 July

and 25 October 2004, and on 10 January and 6 N2&@h (Figure 3.1.).

There were no significant spatial patterns in #gmmgerature and salinity for
each month (p > 0.05). As a consequence dataaitt enonth was pooled. Water
temperatures exhibited a strong seasonal patteéimtiné minimum values recorded in
winter (13°C) and the maximum values in summer 928). Intermediate
temperatures were recorded in autumn and sprinipitavalues demonstrated a
distinct temporal pattern. During the first fiveonths of the survey (May —

September 2004) mesohaline conditions prevailedutiitout the estuary with
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salinities ranging between 13 and 17%.. The onké¢herainy season at the end of
September contributed to oligohaline conditionssig¢ing throughout the estuary for

the rest of the study with salinities values ragdietween 3 and 10%o. (October 2004

Temperature (in C)
Salinity

2004 Month 2005

Figure 3.1: Monthly temperature ¢ ) and salinity ( ) (+ SD) from Grant's Valley
estuary. Arrows indicate overtopping events andodaeindicates the mouth status as
either openld ) or close&( ).
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to April 2005). Variations in salinity during tretudy were linked to overtopping

events and breaching events (Figure 3.1.).

3.3.2 Zooplankton and chl-a

The total water column chl-a concentration rangetiveen 0.42 and 8.32 mgnm™
and zooplankton biomass between 29.7 and 152.6 mig-Dn>. Highest water
column chl-a concentrations and zooplankton bioemssere recorded after the onset
of the rainy season in September 2004. From 8dEe the water column chl-a
concentrations were always >4 mg chlfa® and zooplankton biomass >50mg Dwt
m3. Prior to September 2004, water column chl-a eatrations ranged from 0.42 to
2.51 mg- m* and zooplankton biomass between 29.7 and 43.9 wig B> (Figure
3.2.). Total zooplankton biomass was significamityrelated to water column chl-a

concentrations (p<0.01).

Microphytobenthic algae biomass ranged between &@7chl-a nf and
146.50 mg chl-a M and demonstrated an inverse pattern to total veateimn chl-a
concentrations with the highest values recorddtieabeginning of the survey and the
lowest after the estuary breached in Septembeuf&ig.2.). A significant negative
relationship was found between water column chhd aicrophytobenthic algal

concentrations (p<0.001).

3.3.3 Submerged macrophyte cover
The percentage cover of the submerged macrophptsaised during the study,
largely reflecting the expansion of fennel pondwe@btamogeton pectinatus

throughout the estuary. Overall vegetation comerdased fronsa. 5% coverage at
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Figure 3.2: Mean monthly zooplankton biomass (a), microphgtahic algaex) and
water column chl ao() (b) in Grant's Valley estuary. Error bars regmet one
standard deviation.
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the beginning of the study wa. 46% at the end of the study (Figure 3.3.). The
increase was particularly evident within the midddaches of the estuary where it
attained levels of up to 75% of the total areati@ta 2, 3 and 4). In the lower and
upper reaches of the estuary, submerged vegetetioer, although variable never

exceeded 30% of the total surface area.

3.3.4 Ichthyofaunal abundance and biomass

During the study period, 14 469 fish were sampblgatesenting nine families and 11
species. The mean fish abundance was 5.63 indilidun with a high of 21.45
individuals- m* in December 2004 and a low of 0.31 individuais® in July 2004.
The mean monthly fish biomass was calculated & §:5m, with a high of 4.67 g
m2in January 2005, and a low of 0.20 g? in July 2004. A peak in abundance was
seen in the summer months of November and Dece@i®t, while a minor peak
was also observed over the period February to A2005 (Figure 3.4.). Total
ichthyofaunal abundance was significantly correlate percent cover of submerged
macrophytes (p<0.05). Peaks in the abundance dhenbreeding species occurred
in May and August, while July and April had the st abundances of marine fish

(Figure 3.5.).

Of the 11 species captured, the six most commortieneGilchristella
aestuaria Myxus capensjs Oreochromis mossambicusRhabdosargus holubi
Atherina brevicepsndGlossogobius calliduaccounted foca. 98% of the small fish
sampled. In particular, the estuarine roundheri@a@estuaria accounted for 86.9%

of the total fish captured with peaks in abundarmesirring over the periods
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Figure 3.3: Average monthly vegetation cover (+ SD) in GraMadley estuary.
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November to December 2004, with densities of 1In8 20.6 individuals
respectively, and February to April 2005, with dées of 7.9, 5.6 and 8.2 individuals
m? respectively.Gilchristella aestuariaabundances ranged from 0.12 individual$ m

in July to 20.60 individuals thin December and SL ranged from 9mm to 54mm.

The freshwater mulletyl. capensiscomprised 5.9% of the total fish captured.
Abundances oM. capensisranged from 0.08 individuals fnin November to 0.98
individuals n in August, and SL from 15mm to 115mm. PeaksMin capensis
abundances occurred in May and August 2004 anénnaly and March 2005, all
corresponding to overtopping events, or the majeathing event in January 2005.
Mozambique tilapia©O. mossambicyscontributed 2.8% of the total fish captured,
with abundances ranging from 0.00 to 0.35 indivisua? and SL from 7mm to
66mm. Peaks i®. mossambicugabundances occurred at the onset of the study and
during the period November 2004 to February 20@ape stumpnoseR. holubi,
accounted for 1.4% of the total fish caught, wilumdances ranging from 0.00 to
0.44 individuals rif (20mm to 96mm SL). Peak in the abundanc®&.diolubi was
recorded in September 2004. Cape silversifebreviceps contributed 1.3% of the
total fish captured with abundances from <0.01viiutdials n? to 0.44 individuals M
(12mm to 51mm SL). The peak in the abundanc@.dfrevicepswas recorded in
November 2004. River gobie§. callidus accounted for 1.1% of the total fish
captured, abundances of 0 to 0.15 individuafs (8mm to 98mm SL). Peaks (.
callidus abundance were recorded in December 2004 andryaaruch February 2005.
Southern mulletLiza richardsonj Cape moonyMonodactylus falciformiswhite

steenbras,Lithognathus lithognathys Cape sole,Heteromycteris capensisand
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thornfish, Terapon jarbuashould be considered rare, as they contributedthess2%

of the total fish captured.

3.3.5 Estuarine Utilization categories

During the first five months of the survey, catggtir(marine breeding fish species)

numerically dominated the catch contributing betwed9.3% and 69.7% to the

samples. Following the onset of the rainy seaseeptember 2004), category |

(estuarine residents) species were the most numemniributing between 65.6% and
98.1% of the total catch (Figure 3.6.). On theeothand, marine breeding species
always dominated the total biomass (Figure 3.6n).e&ception was recorded during
the final month of the survey where estuarine esigpecies contributed most of the

total ichthyofaunal biomass (Figure 3.6.).

3.3.6 Ichthyofaunal diversity

The total number of species recorded ranged fraowaof 5 in July and October
2004 to a high of 9 in November 2004 and March 2088 indices, except
Margalef's, showed a very similar diversity pattefliigure 3.7). The diversity
indicesvalues increased following the breachingnewe late December 2004, while
the minor increases were associated with the oueirtg events in July and March
(Figure 3.7). When analysed for heterogeneityhlibe Shannon-Wiener index and
the Simpson index are lowest in April 2005 (H =10.D = 0.04) and highest in May
2004 (H = 1.40; D = 0.65). When analysed for specichness, the Margalef index
showed a low in April 2005 (& = 0.69) and a high in September 2004;{R 1.18)

(Figure 3.7).
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3.3.7 Community analysis

The Bray-Curtis similarity of total ichthyofauna wimlance showed no significant
spatial patterns. As a consequence, data for eacthnvas pooled. Three distinctive
groupings, designated Groups 1 to 3, were idedtifigth the hierarchical cluster
analysis (Figure 3.8a) and multidimensional scalifigure 3.8b). SIMPER analysis
showed differences between the groupings coulceharbe attributed to changes in
the relative abundances Gt aestuaria and to a lesser extent freshwater muliét,
capensisand Mozambique tilapi@. mossambicydo total ichthyofaunal abundance
rather than the presence or absence of indiviquedies. Group 1 consisted of those
sampling months which were characterised by the emigal dominance ofG.
aestuaria Group 2 comprising the months May, June, Aug8sptember, October
and January, and was characterised by an increasgdbution of marine breeding
fish species to the total ichthyofaunal abundantas. final group, Group 3, was an

outlier and comprised the July 2004 survey.

3.4 Discussion

Small 10 estuaries are generally characterisedheyabsence of horizontal patterns in
temperature and salinity, which can be linked talsmatchment size which limits
freshwater inflow into the estuary, shallow deptid astrong coastal winds which
facilitate the horizontal and vertical mixing ofethvater column (Pottest al, 1993;
Froneman, 2002a). The physico-chemical environriret® estuaries can be highly
variable over time, reflecting the influence ofdhevater input via run-off and the
establishment of a link to the marine environmeatorertopping or breaching events
(Kok and Whitfield, 1986; Vivier and Cyrus, 2002puring the present study, the

inflow of marine water into the estuary following vestopping and
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breaching events generally coincided with the iaseein salinity.

Freshwater input has been shown to be a major rfactmtrolling
phytoplankton and zooplankton biomass in both paendy open and IO estuaries
(Froneman, 2000; 2002a). The increase in totataclsbncentration following
freshwater inflow into the estuary was associateth van increase in primary
production which was sustained by the increase acronutrient concentrations
derived from the riverine inflow (Froneman, 200@02c; Perissinott@t al, 2002).
The elevated zooplankton biomass during the ldisdfr of the survey can likely be
attributed to elevated chl-a concentrations (Fraaen2002c). Total zooplankton
biomass was significantly correlated to water coluchl-a concentrations (p < 0.05).
On the other hand, the onset of the rainy seas@eptember 2004 coincided with a
dramatic decline in microphytobenthic algal biomgEgure 3). The observed
pattern can likely be attributed to currents andh® change in light environment
conferred by increased turbidity, which limits tgewth of the microphytobenthic

algae (Nozaigt al, 2001).

Permanently open estuaries are typically charaeterby high ichthyofaunal
diversity which can be linked to the permanent ligk the marine environment
allowing continuous recruitment of marine breedisgecies into the system
(Whitfield, 1980b; 1983; Marais, 1988). Worldwidegermanently open estuaries are
dominated in abundance and in biomass by marinerspg fish species (Loneragan
et al, 1989; Potter and Hyndes, 1999; Thiel and Po@0.1; Vorwerket al, 2001).

In southern African 10 estuaries, estuarine spag/sjpecies numerically dominate in

numbers which can be attributed to the sandbahetmouth, which limits the
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recruitment of marine species into the system (€@gvdnd Whitfield, 2002). The
relatively small size of estuarine resident spegeserally results in a relatively low
contribution of these species to the total ichthyofal biomass in 10 estuaries. For
example in the East Kleinemonde Estuary, SouthcAfralthough estuarine species
contributed 84% of the total abundance, they cosepril2% of the total biomass
(Cowley and Whitfield, 2002). Similarly, in the Mo River Estuary, Australia,
estuarine species contributed 95% of the totalndance, but only 44% of the
biomass (Youngt al, 1997) During this study, estuarine species dmunied 89% of

the total abundance and only 24% of total biomass.

The periodic contact with the marine environmertdriscial for recruitment of
marine breeding fish into 10 systems (Kok and W@lidf, 1986; Vivier and Cyrus,
2002). Overtopping events during the first fourmms contributed to the relatively
high contribution of marine spawning fish speciesthe total catch in the estuary
(Figure 3.6). Although the overtopping events weassociated with significant
increases in ichthyofaunal abundances, they caréibless to the accumulation of
fish biomass in the estuary. This is the consecgi@rf overtopping events allowing
mainly small larval and juvenile fish (< 50 mm Sb)recruit into the estuary (Kemp

and Froneman, 2004).

During the present stud@. aestuariawas the major contributor to the total
ichthyofaunal abundance during the closed phase extdeme dominance in
abundance in this estuary, severely impacted hggerty of the system during the
spring/summer period. Prolonged separation frdm tmarine environment

culminates in estuarine resident fish species nigalgr dominating the fish
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communities of IO systems in both South Africa #utralia. The observed pattern
can be attributed to the decline in abundance ofn@apawned fish species within
these systems (Bennedt al, 1985; Neira and Potter, 1992b; Pote&tral, 1993;
Griffiths, 2001a; Vivier and Cyrus, 2002). The orapreaching event that occurred
between late December to early January coincid¢ll avdecrease in the abundance
of G. aestuaria coupled with an increased contribution of theinebreeding species
to the total ichthyofauna (Vivier and Cyrus, 20&2rydom, 2003). Previous studies
have demonstrated that breaching events are assbaiath a dramatic decline in
estuarine vertebrate biomass (Beneettl, 1985; Griffiths and West, 1999). On the
other hand, the breaching events allow marine limgésh to recruit into the estuary,
which facilitates an increase in the ichthyofaumiersity. The shift in the
ichthyofaunal composition following the breachingeet was evident from the results
of the numerical analysis, which identified threa@imgroupings, one numerically
dominated byG. aestuaria while the second group was characterised by eeased
contribution of marine spawning fish species to thil ichthyofaunal abundance.
The third group, the July sample, was characteigetdoth low fish abundance and
biomass. These results indicate that breaching amtopping events play an
important role in structuring the ichthyofaunal abances, biomass and species

composition in the Grant’s Valley estuary.

It is apparent, however, that seasonality may aadially contribute to
temporal patterns in ichthyofaunal composition. e TMozambique tilapia,O.
mossambicys a freshwater species, attained maximum abundahgeng the
spring/summer period while it was virtually abselitring the winter months. The

observed pattern is unlikely due to salinity changeO. mossambicuss strongly
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euryhaline and has been found in salinities ran@fiagn O to 100%. (Morgaret al,
1997; Whitfield, 1998).0Oreochromis mossambicase, however, strongly influenced
by water temperatures, with optimal temperaturemfr@d0 to 35°C, and mass
mortalities occurring at low temperatures, 10 t6C8ruton and Taylor, 1979; Jubb,
1979). The temporal changes in tBe mossambicupopulation in Grant's Valley
estuary is therefore related to seasonal patterrntemperature rather than marine

access events.

In summary, the results of this study indicatet thlae ichthyofaunal
community structure within the littoral zone of ti&rant's Valley estuary was
strongly linked to the establishment of a link tee tmarine environment through
overtopping or breaching events. In the absencthese links, total ichthyofaunal
abundance and biomass was dominated by estuarsmgemé species, mainl.

aestuaria
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Chapter 4
Growth patterns and population dynamics of selectedish
species in the temporarily open/closed Grant's Vadly

estuary

4.1 Introduction

Recruitment of marine breeding species can onlymoadhen the estuary floods and
the mouth breaches or when rough seas cause wawe®ttop the sandbar into the
estuary (Cowleyet al, 2001; Bellet al, 2001; Kemp and Froneman, 2004). These
recruitment events allow larval and juvenile fishr the marine environment into
TOCEs, which is imperative as marine breeding gsecften dominate these systems
in species number, abundance and biomass (CowteWWdmitfield, 2001; Cowley and
Whitfield, 2002; Lukeyet al, 2005). These marine fish species utilise estaaas
nursery grounds due to increased food availabditg refuge from predation with
recruitment of into TOCEs dependent on seasonaédaong patterns and the
availability of larvae within the marine environmextjacent to the estuary (Neira and

Potter, 1992b; Griffiths 2001b; Strydoen al, 2002; Strydom 2003).

The growth and length of age of ichthyofauna in 'E3QGan be accurately
estimated because the time of recruitment, padiutiuring the closed phase, can be
determined for marine breeding fish species (Ghfi 2001b). This is in contrast to
permanently open systems where continuous recrattrttee estimation of these

parameters more difficult.
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To date, no studies have accessed the growth amgthleof age of
ichthyofaunal communities within South African TOSEThe aim of this study was
to assess the growth patterns and population dysaofithe six most numerically
abundant fish species, which account dar 98% of total ichthyofaunal abundance,

within Grant’'s Valley estuary.

4.2 Materials and Methods

The length-frequency distributions of the six mostmmonly captured fish species,
Gilchristella aestuaria Glossogobius callidysMyxus capensjsAtherina breviceps

Rhabdosargus holuband Oreochromis mossambicusere compiled by month.
Those months where fewer than five individuals wsampled were not included in

the analysis.

Growth curves were fitted to the monthly lengthginency distributions using
MULTIFAN (Fournier et al, 1990). This model analyses multiple length-frery
distributions simultaneously using robust maximikellhood aproach to estimate the
number of age classes represented by the dataputhber of fish in each age class,

and the von Bertalanffy growth parametegsandK.

The maximum likelihood function used the modelasdd ol andL. and

the negative log-likelihood functiorr) to be minimised is:

Na N

£ =-12>">"log,(271(&, +01/N, )

a=1i=1
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- N, log, (9)

& - ((5ia _Qa )2
* ;;logelex% 2(&, + 0.1/ N, )52}+ 0'01}

whereN, is the number of length frequency data sets,

N, is the number of length intervals in each length frequency data set,

¢, 1s the parameter determining relative variance of thepBagerrors within the
ath length frequency data set and is calculated gs= (Sm (1—@0)

O is the parameter determining the overall variance ofahgBbng errors in theth

length frequency data set,

6“, is the observed proportion of fish in th# length frequency data set having a
length lying in the length interval

Q,, is the predicted probability that a fish picked at random froase in theth

length frequency data set has a length lying in the length inierval

The main assumptions of the MULTIFAN model are as follows:

1) Fish grow according to the von Bertalanffy growth model (VBGM),

u, =L, [L-e™)(Ricker, 1975)

where y; = the expected length at age

L., = the asymptotic maximum length;

K = the rate at which the length approachgs
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This growth function can be reparameterised as:

1— ek _
HUig =L+ (Lo~ Ll)L_e_Tj_l):l (Schnute and Fournier, 1980)

whereL; is the mean length of the first age class in tmepde,
LmaxiS the mean length of the last age class in thgpkg and

N; is the number of age classes present.
L; to Lmaxdisplays linear growth iK is very small, otherwise growth is curvilinear.

2) Proportions at age of the fish in each lengts<lx, are considered normally

distributed about a mean length, and a standard deviatios,., such that
q — 1 J‘Xi+W/2eXp _(Xi _Iuja)2 dx
ija 2 1277.0.. X —w/2 Zajza

wherew is the width of the length frequency intervals.

3) The standard deviations of the actual lengttmutithe mean length-at-age are a
simple function of mean length at age, involvingotwarameters); and X, the
standard deviation of the first age class and tiee dependent increase in standard

deviation, respectively (Fourniet al, 1990). Such that:

1-e (D
Jja = /]1 exp{/12|:—l+ 2(1_e_mji|}
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The most parsimonious models, with the fewest dgeses and the most
variability explained, were constructed by condugta systematic search of plausible
number of age classes. Each age class testeditectmusta model fit and the
maximum log-likelihood £) was calculated. Likelihood ratio tests were usetest
for significant improvement in model fit. Twiceetltifference in the log-likelihood is
2 distributed with the respective degrees of freeddinequal to the difference in
parameters. Following Fouriet al (1990), ifp(y? df) < 0.10, then a significant
improvement in the statistical fit was gained lmtraducing an additional age class in

the model.

4.3 Results

The Cape stumpnosi, holubi, population (20 to 96mm SL) was shown to haveteigh
age classes using the MULTIFAN model (Table 4.1peak in density was found in
September 2004 (n = 105) (Figure 4.1) while minicebtures occurred in July (0),
October (2), March (4) and April (1). VBGM resutén a von Bertalanffy growth

constantK) of 0.313 and an asymptotic length.f of 9.14cm (Table 5.2).

Five age classes were noted in fddrevicepspopulation (11 to 51mm SL)
(Table 4.1). A peak in density was found in Novemb@04 (n = 61) (Figure 4.2),
while minimal captures occurred in October 2004 &etbruary, March and April
2005 (alln =1). VBGM resulted inkaof 0.190 and &., of 7.44cm (Table 5.2). The
peak in density recorded in November 2004 occuioldwing an overtopping event

and corresponded with the introduction of a newocbimto the estuary (Figure 4.2)
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Six age classes of th8. aestuaria(9 to 54mm SL) were identified (Table
4.1). Small newly recruited fish (SL < 15mm) wessrpled from October 2004 to
April 2005 with a peak in density in December 2@Q4= 4945) (Figure 4.3). VBGM
resulted in & value of 0.342 and la, of 4.39cm (Table 4.2). Two new cohorts were
followed from November 2004 (1) and February 20@% (vith the first cohort

showing a shift in size frequencies correspondintpé January breaching event.

Five age classes were noted fr capensis(15 to 115mm SL) (Table 4.1)
during the study, with a peak in abundance occgfinnAugust 2004 (n = 61) (Figure
4.4). VBGM resulted irK andL., valuesof <0.0001 and >30cm, respectively (Table
4.2). Recruitment into the estuary was seen teespond to the overtopping events
preceding the sampling trips in May, August, Novemand March and with the

breaching event in late December 2004.

The river gobyG. callidus population (9 to 98mm SL) had four age classes
(Table 4.1). Peaks in abundance were recorded inad December 2004 (n = 30;
29) and February and March (in both n = 30) (Figuf. Minimal captures occurred
in July and October 2004 (n = 1; 0) and April 2@a5= 1). AK of 0.030 and &, of

>20cm were recorded (Table 4.2).
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Table 4.1 The log-likelihood function and number of paramet@n parenthesis) for
the six most commonly captured fish species in Gsaralley estuary as determined
by the MULTIFAN model. Best-fit age-class model shown in bold and undedin

Age classes Atherina Gilchristella Glossogobius Myxus Oreochromis Rhabdosargus
breviceps aestuaria calidus capensis  mossambicus holubi
3 141.65 - 74.12 - -245.95 -
(20) (24) 18)
4 103.43 - -14.59 -468.12 -256.88 -95.95
27) (33) (39) (24) 27)
5 -60.77 -656.64 -20.75 -693.13 -256.70 -234.52
(34) (50) (42) (50 (30) (34)
6 -72.27 -3229.53 -21.93 -691.82 -21.93 -297.71
(41) (61) (51) (61) (51) (41)
7 -69.68 -3231.94 - -706.26 - -353.08
(48) (72) (72) (48)
8 - -3231.22 - - - -389.60
(83) (55)
9 - - - - - -403.64
(62)
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Figure 4.1: Monthly length-frequency distributions (SL) Bfhabdosargus holubn
Grant’'s Valley Estuary (bars). Curves represem phnedicted length frequency
distribution estimated using the MULTIFAN model.
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Table 4.2: MULTIFAN parameter estimates for the six most comigaaptured fish
species in Grant’'s Valley estuaty, LmaxandL. are the mean standard lengths of the
first and maximum age classes and the asymptoticnmoan length (in cm)K is the
von Bertalanffy growth constan#; and A, are the two parameters involved in
determining the stardard deviations about the mleagth-at-ages; and is the
parameter determining the variance of the sammmngrs in all the length frequency
data sets (Fourniet al, 1990).

Atherina  Gilchristella Glossogobius Myxus  Oreochromis Rhabdosargus

breviceps aestuaria calidus capensis mossambicus holubi

Age classes 5 6 4 5 4 8
L, (cm) 1.61 1.53 1.95 1.95 1.39 1.24
Lmax (€M) 4.71 3.87 8.89 7.20 5.10 8.26
K (cmemonth™) 0.190 0.342 0.030 1.75E-06 0.170 0.313
L.. (cm) 7.44 4.39 >>20 >>30 10.68 9.14
M 0.209 0.249 0.713 0.459 0.439 0.289
A2 1.45E-06 3.60E-08 0.014 0.378 4.30E-07 6.80E-07
o 0.217 0.147 0.228 0.139 0.116 0.145
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distribution estimated using the MULTIFAN modelStraight lines represent newly
recruited cohorts; 1 — from November with the shét associated with the loss of
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February.
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Four age classes of the Mozambique tilapiamossambicuygpopulation (7 to
66mm SL) were identified (Table 4.1). A peak in atdance was recorded in February
2005 (n = 81) (Figure 4.6) while minimal capturescarred in July, August,
September and October 2004 (n = 4; 3; 0; 0) and 20605 (n = 3). After May 2004
the population declined dramatically. Recruitmehtnew cohorts occurred at the
beginning of the summer in November and Decembigu(€ 4.6). AK of 0.170 and

aL. of 10.68cm resulted from the best-fit model (Tah[2).

4.4 Discussion

Within Grant’'s Valley Estuary the common estuarimeeding species;. aestuaria
and G. callidus and the freshwated. mossambicysshowed well-defined seasonal
patterns in recruitment with peaks occuring durihg warmer spring and summer
months when the estuary was closed. As the reoveuit of these species extended
throughout this period multiple age-groups weredent. Gilchristella aestuaria
recruit throughout the summer (Whitfield, 1998;y8tsm et al, 2002) and multiple,
and abundant cohorts were established, with thk pEauitment period early in the
summer. In contrasG. callidus was shown to occur in much smaller abundances,
with a peak in recruitment later in the summer. THezambique tilapia,O.
mossambicygpopulation was greatly reduced in abundancesduhie winter months
due to the species intolerance to low temperatiihgsb, 1979). During the summer,
when optimal water temperatures prevailed (Brutod @aylor, 1979), two distinct

cohorts recruited.
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Previous studies have demonstrated that fish #q@bduce within estuaries
tend to be small, short lived species with highufetities (Haedrich, 1983; Dando,
1984). Gilchristella aestuariawere shown to be fastest growing within Grant's
Valley estuary, with an estimated von Bertalariffyvalue of 0.342. Gilchristella
aestuariaare highly productive, reaching their maximum siaerelatively early ages
and have been found to mature within seven monthspproximately 28mm SL
(Bigelow et al, 1995; Whitfield, 1998). Within intermittently ep estuaries, quick
growth and early maturity alloks. aestuariato be extremely productive and as a
consequence they often numerically dominate ththydfaunal assemblages within
TOCEs (Whitfield, 1998; Styrdonet al 2002). During this studys. aestuaria
accounted for 86.9% of the total fish sampled (S&apter 3). Oreochromis
mossambicuave been shown tattain sexual maturity within one year at 80 to
120mm SL (Whitfield, 1998). Maximum predicted sie€ this species is much
smaller than in warmer regions, as the majorityndfviduals live for about one year
due too temperature induced mortality (Bruton amdttB1975; Bruton and Taylor,
1979; Jubb, 1979). The estimate growth rat&otalliduswas lowest amongst all
estuarine fish species examined. This differs fmevious reports, which suggest
that G. callidus is a short lived, quick maturing, and highly protive species
(Whitfield, 1998). The reduced estimated growtkeraf G. callidus within the
estuary suggests that other biological and phygicéd factors may be important.
Field studies indicate thds. callidus preferentially inhabit muddy substrates with
reduced vegetation cover (A.K. Whitfield, persomalmmunication). During the
course of this investigation percentage vegetatiover of submerged macrophytes
increased fronca. 5% toca. 45% (see Figure 3.3). After the breaching evemnich

of the G. aestuariapopulation was flushed out of the estuary. Thisassistent with
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other research that showed increased river flonah@sgative impact 0@. aestuaria
abundances (Strydoet al, 2002). Re-recruitment did not occur as the pstmn

declined and no new recruits were recorded in Jsr2G05.

The marine spawning fish species need a connetticiorm between the
marine environment and the estuary in order toure¢nto the system. Myxsis
capensisR. holubiandA. brevicepshave all been demonstrated to utilize overtopping
events to recruit into TOCEs (Kemp and Fronema@420weedle, 2004). With an
extended breeding season and peak recruitmentdgedoinciding with increased
incidents of overtopping eventldl. capensiss well suited to recruit in TOCEs (Bok,
1979; Kemp and Froneman, 2004). The analysis sh@ngobd correlation between
overtopping events recorded during the study ared @btablishment of new age
classes oM. capensis A similar but weaker pattern was observedAobreviceps
There was a weak correlation between the estabdéishrof new age classes and
overtopping events foR. holubi within this estuary as recruitment during this
sampling year was minimal. Recruitment during awgping events is a passive
process and recruitment into the estuary is deperate the availability of larvae in
surf zone adjacent to the estuary (Betl al, 2001; Strydom, 2003; Kemp and
Froneman, 2004). Thus, seasonal breeding pattfnsarine fish can highly
influence the successful recruitment of the ichaliof into TOCEs (Whitfield, 1998;
Kemp and Froneman, 2004). Marine fish specied) asi. capensiswith extended
breeding and recruitment periods are availableha gurf zone to recruit into the
estuary for much of the year, while species withrendefined peaks in reproduction
including A. brevicepsand R. holubi may be less available for recruitment during

these rare overtopping events (Whitfield, 1998).
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Breaching events are regarded as the main soureemfitment for larval and
juvenile marine fish in TOCEs (Neira and PotterQ2l9, Younget al, 1997). During
this study, the breaching event in late Decembgrcated with the establishment of a
new age class foM. capensis The breaching events in TOCEs also provide the
opportunity for large juvenile marine species ire thstuary to join the adult

populations in the marine environment.

The results of the analyses should be viewed wélition, as there are a
number of potential sources of error. The usehef 3m seine net to sample fish
within the littoral zone of the estuary may havsuteed in the under-sampling of the
larger individuals due to net avoidance. The atseafi this data would undoubtedly
result in changes in the estimates of growth pararsend asymptotic length. None
the less, the analysis does provide evidence ointpertance of overtopping events
in the recruitment of marine breeding species iGi@nt's Valley estuary. The
analysis does appear to have given reasonable lyrestimates fol. aestuariaA.
breviceps,0. mossambicuandR. holubi. The population dynamics of fish species
found within small TOCEs varies dependent on thHiéastyles. Those spawned
within the estuary show distinct cohorts and sptimgummer peaks in abundance.
While those spawned outside of the estuary showhgatohorts related to marine

access and peaks in recruitment occur in correlatith overtopping events.
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Chapter 5:
Fish population size and movement patterns in the

intermittently open Grant’s Valley estuary

5.1 Introduction

Information on fish population sizes within an esiuis crucial for the understanding
the ecology of the system and relates directlyhwrtmanagement. Mark-recapture
studies have shown that population size within T®@Ehighly variable (Cowley and
Whitfield, 2001). This variability has been attribd to differences in recruitment
opportunities (i.e., length of open phase, numbienwertopping events, habitat
availability) and biological factors such as preoatBlaber, 1973; Neira and Potter,

1992a; Cowley and Whitfield, 2001; Belt al 2001).

The movement and habitat selection of organismsinviheterogeneous
landscapes can be studied using ecological moldatsatidress population dynamics
and spatial distributions (Lima and Zollner, 199&)pcal fish movement can be seen
as a measure of habitat selection and foraging vii@lma in fish species with
immigration rates as an indicator of habitat gyaliGiliam and Fraser, 1987;

Bélanger and Rodriguez, 2002).

At present, very little is known about fish popidat sizes and movement

within southern African intermittently open estesi The aim of this study was to
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examine the fish population size and fish movemeatterns within this small

intermittently open system.

5.2 Materials and methods

5.2.1 Sampling procedure

This study was conducted during the closed phaskeoéstuary between April 2004
and July 2004. Sampling occurred four times; inik\gune and twice in July. Block
nets (10 to 20 m long x 1.5 m, 50 mm mesh) wereeulaacross the estuary at three
different areas dividing the estuary into four idist areas and preventing inter-area
movement. Area 1 was the mouth region, closeshéoadcean (Fig. 2.1). Itis a
shallow (0.5 m maximum depth) region characteribgdthe virtual absence of
aquatic macrophytes. The mean salinity for themawas 16.75 + 0.5%., and water
temperature ranged from 14.0°C in July 2004 to “I8.& May 2004. Area 2 is a
deeper region of the estuary (1.5 m maximum depiith a bed of the reed
Phragmites australifocated along the upper western bank. The meanitgdbr this
area was 16.5 + 0.6%o, and water temperature rafrged 13.3°C in July 2004 to
18.8°C in May 2004. Area 3 was of medium deptim(inaximum depth), and was
devoid of reed beds, but with 5-10% cover of thebnserged macrophyte
Potamogeton pectinatus The mean salinity for this area was 16.75 + 0.%&d
water temperature ranged from 13.5°C in July 2@048t5°C in May 2004. The mean
depth of Area 4 was approximately 1.5 m. An extenseed bed was located on the
upper, western bank. The mean salinity for thimamas 16.75 + 0.5%., and water

temperature ranged from 13.2°C in July 2004 to"1®id May 2004.
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Fish in the four areas were sampled during daylghtrs (between 09h00 and
15h00) with a seine net (30m x 2m with a 15 mm medihe net was deployed in a
semi-circle and hauled along the area by thre@uo people, ensuring the footrope
was dragged along the bottom to minimise fish escap Each haul across the
complete width of the estuary encompassed ca. 300 @rea 1 and ca. 400%rfor
the other areas.Two to three net hauls were conducted within emela for each of

the four sampling periods.

Fish captured were transferred to 200 L well &efqtolycarbonate containers
filled with estuarine water from the region sampledll fish that were caught were
identified, placed on a fish board, measured fandgard length (SL) to the nearest
millimetre, and marked by means of clipping a snfjh depending on the region
where the fish was originally sampled (Left pelfiit for area 1, right pelvic fin for
area 2, left pectoral fin for area 3, and righttped fin for area 4). The fin rays were
clipped off in one straight cut using stainlesekseissors, leaving the base of the fin
for regrowth. For sole,Heteromycteris capensishere are no pectoral fins to clip;
therefore, the fringing dorsal fin was clipped amdy the total population size was
estimated. If a fish was recaptured in an aref@réiht from where it was originally
captured, it was returned to the recapture areanihimize stress, all fish captured
were returned to the estuary within 60 min of cegtd’o maximise survival only fish
>50 mm SL were fin clipped. This size represeheslength of fish that could not
escape through the 15 mm mesh size of the seineNwemortality from clipping and

handling was recorded during the four surveys.
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5.2.2 Data analysis

Population size estimates were determined usirgg ttifferent mark-recapture
estimators. The first two, the Schnabel (1938) @erived (Cowley and Whitfield
2001) estimators, did not assume movement witheregtuary, while the third, based
on a Hilborn (1990) estimator, assumed that fiskedowithin the four demarcated

areas.

In all models, the following assumptions were madé¢: there was no
recruitment into, or emigration out of the popuwati 2) marked fish did not lose their
marks and were easily recognisable on recapturen&ked and unmarked fish
suffered the same mortality; 4) marked fish randomixed with unmarked fish; and

5) marked fish and unmarked fish are equally vahkr to sampling.

5.2.3 Non-movement models

5.2.3.1 Schnabel estimator

The maximum likelihood estimate of the total numbegfish, N , from the Schnabel

(1938) estimator is

N=12__ (Seber, 1982)

wheren, is the number of fish sampled on tff& occasion,m, is the number of
marked fish in theé™ sample, andM, is the cumulative number of marked fish in the

population, and is the total number of time periods in the stutariance estimates

were obtained from the methods of Robson and R¢dig64).
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5.2.3.2 Derived method

The derived method was used to obtain a population estienate for those species
where no recaptures or few recaptures were obtainddhe percentage catch
representation of these species was compared witbrdarol species’ from which
calculated population size estimates were obta(i@mvley and Whitfield, 2001).
The basic assumptions of the derived method wetédt)all species have an equal
probability of capture, and 2) that the speciesenndvestigation have the same
distribution as the ‘control species’ (Cowley andhitileld, 2001). For example, if 50
individuals of a non-recaptured species were caudlO individuals of the ‘control
species’ (with a calculated population estimat@@d0) were caught during the same
mark-recapture period, then the derived populas@e for the species with no
recaptures would be 100 [i.e., 50/1000x2000] (Cgwand Whitfield, 2001).
Multiple control species were considered for diferspecies of fish, and the species
with the highest recapture rate for that group wsesd. The use of multiple control
species gave estimates closer to the modelled astmior well-recaptured species.
Liza richardsonii was used as the control species for all the mudletcies,
Glossogobius callidusras used as the control species for the benttic(§obies and
the sole), andRhabdosargus holulwas used as a control species for the remaining

species (sparidé/onodactylusandOreochromi.

5.2.4 Movement model
A modified Hilborn (1990) estimator was used tareate both the number of fish in
the estuary, and the probability of moving from @rea to another. Species with

good recapture rates (>10%) and the all the spemmeshined were modelled and
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estimated using this method, while species withelorecapture rates were combined

into families when possible for movement analysis.

5.2.4.1 Predicted number of marked fish

The predicted number of marked fish (with area-gjgemarks) that were marked in

areai and moved to arejain thet™ sampling occasionM. . , is calculated from the

it

surviving number of marks in that area and the yawérked fish introduced to all

areas that move to or stay in areét is assumed that fish that were marked in each

area move instantaneously according to the estinam®vement matrix&)ij.

Therefore,

A

Mii 1 = My, +Zj=1M P

5.2.4.2 Predicted recaptures

If there is a constant catchability over all areaen the number of recaptures per area

J that were originally marked in areduring the previous sampling occasion is

Rj,t = pM jit-1

5.2.4.3 Total number of fish

The total number of fish in argaat timet is calculated from the total number of fish

examined for marks at tintén area and the estimate of catchability such that
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whereT is the total number of time periods in the study.

5.2.4.4 Parameter estimation

The probability of captured, and a movement matrix from aret areg, ®, , were

ij !

estimated by minimising a Poisson likelihood of then

-InL= _; Ij Ifei,t _R,t In(lii,t)_ In(Ri,t!)

The movement matrix was simplified by noting thae tlast column vector is

calculated from all the column vectors as

®, =1-

A-1

i
i=1

It is assumed that the row vectors of the movemaatix sum to unity and that all

parameters are positive.

5.2.4.5 Parameter variability

Parameter variability was estimated using parambtotstrapping (Efron, 1979) as it
is noted that the observed recaptures are Poidstibdted. During each bootstrap
iteration the observed number of fish marked irheaeai that moved to areawere
Poisson deviates drawn from the original observechiyer of recaptures that were
marked in areda and moved to arela The bootstrapping procedure was iterated 500
times, and the 100(1 &) % confidence intervals calculated using the peilee

method (Buckland and Garthwaite, 1991).
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5.3 Results

5.3.1 Population estimates

A total of 3498 fish from six families and 12 spestiwere marked during the study.
In total, 448 recaptures were made, a recaptueeafall2.8%. While seven species
were recaptured, most recaptures were from threeiega Rhabdosargus holubi
Monodactylus falciformisandGlossogobius callidugTable 5.1). No recaptures were
recorded forOreochromis mossambicuslugil cephalus Diplodus sargus capensis
Caffrogobius gilchristiandPsammogobius knysnaensiBor those species where no
recaptures were recorded, population size was afgdnusing the derived method.
The estimated total number of fish using the Schhaiethod (S) was 12262 (95%
Cl= 11219 — 12922; CV= 4.2%) individuals, and 12258% CIl= 11373 — 13311,

CV=4.2%) using the Hilborn method (H) (Table 5.2).

Rhabdosargus holubi50 — 180 mm SL; mean = 74.9 mm) was the most
abundant species captured in the estuary duringttitly and accounted for 40.6% of

the captures. Population estimates for this spewotge 3970 (S), and 4162 (H).

The Cape moonyMonodactylus falciformjs(50 — 126 mm SL; mean = 66.1
mm) was the second-most-caught species in the stuidy 602 individuals,
accounting for 17.2% of the fish captures. Popaaestimates were 1875 (S) and

1617 (H).
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Table 5.1 Total fish captures in the Grant’s Valley Estuastween April and July
2004. Sampling Effort (E) is represented by the benof seine hauls in each area.
(EUC: Ib — estuarine species that breed manly tnae®s; Ila — marine species with
juveniles dependent on estuaries as nurseries: libarine species with juveniles
occurring in estuaries; llc — marine species williepiles occasionally occuring
estuaries; IV — freshwater species; Vb — faculeatiatadromous species)

Species Number caught and marked Percent Estuarine Utilization
recaptures  Category (EUC)
1(E=8) 2(E=10) 3(E=9) 4(E=8) Total (%) (Whitfield 1998)
SPARIDAE
Rhabdosargus holubi 67 545 286 524 1422 17.2 ITa
Lithognathus lithognathus 3 26 60 30 110 13.6 ITa
Diplodus sargus capensis 0 4 0 0 4 0.0 IIc
MONODACTYLIDAE
Monodactylus faliciformes 2 165 29 406 602 13.1 IIa
MUGILIDAE
Myxus capensis 0 37 62 164 263 8.3 Vb
Liza richardsonii 0 49 50 53 152 8.5 IIc
Mugil cephalus 1 3 1 3 8 0.0 ITa
Juvenille Mugilidae 285 108 43 84 520 1.0 -
GOBIIDAE
Glossogobius callidus 2 98 118 103 321 26.5 Ib
Caffrogobius gilchristi 0 1 0 1 2 0.0 Ib
Psammogobius knysnaensis 1 0 0 0 1 0.0 Ib
CICHLIDAE
Oreochromis mossambicus 19 13 20 21 73 0.0 v
SOLEIDAE
Heteromycteris capensis 3 4 10 2 20 15.0 ITb
TOTAL 383 1053 679 1391 3498 12.8
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Table 5.2 Estimates of abundances for fish species in theniGr Valley Estuary
using three mark-recapture techniques, with 95%fidence intervals (Cls) and
coefficients of variation (CV) in parentheses.

Species Schnabel (Cls; CV) Hilborn (Cls; CV) Derived
SPARIDAE
Rhabdosargus holubi 3970 (3602 —4203; 4.3%) 4162 (3781 - 4659; 5.2%) -
Lithognathus lithognathus 369 (250 - 724; 32.1%) 409 (285 -671; 24.0%) 307
Diplodus sargus capensis - - 11
MONODACTYLIDAE
Monodactylus faliciformes 1875 (1641 - 2216; 7.9%) 1617 (1355 - 1974; 10.0%) 1681
MUGILIDAE
Myxus capensis 1113 (844 — 1790; 24.8%) - 945
Liza richardsonii 546 (385 - 985; 50.2%) - -
Mugil cephalus - - 29
unidentified juvenile mullet 3276 (2180 - 6558; 32.3%) - 1868
All mullet 7626 (5916 - 11496; 17.2%) 8042 (6151 - 11683; 17.0%) -
GOBIIDAE
Glossogobius callidus 660 (591 - 780; 7.7%) 655 (572 -782; 8.2%)
Caffrogobius gilchristi - -
Psammogobius knysnaensis - - 2
CICHLIDAE
Oreochromis mossambicus - - 207
SOLEIDAE
Heteromycteris capensis 28 (21-111;51.7%) 29 (15 - 67; 45.4%) 41

ALL SPECIES

12262 (11219 —12922; 4.2%)

12258 (11373 - 13311; 4.2%)
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Freshwater mulletMyxus capens)s(52 — 270 mm SL; mean = 107.1 mm)
was the most common mullet species in the estuRgcaptures occurred on all the
sampling trips, with 21 recaptures recorded. Theufaiion estimates for this species

were 1113 (S).

The River goby G. callidug (50 — 133 mm SL; mean = 81.1 mm) was the
third most abundant species of fish captured in éstary with 321 captures,
composing 9.2% of the overall abundan@ossogobius callidualso had the highest
recapture rate (26.5%) with 85 recaptures resultimgppulation estimates of 660 (S),

and 655 (H).

Juvenile Mugilidae, those mullet too small and inun@ to identify
accurately, were most likely juveniM. capensisandL. richardsoniiwith occasional
M. cephalus A total of 511 juvenile mullet (50 —123 mm SLeam = 62.9 mm) were
caught and 5 recaptures were recorded throughewttldy. The resulting estimate
of total numbers was 3276 (S). The mullet were lwoed into the one group for
increased accuracy of results. The total mullgtutetion was estimated at 7626 (S),

and 8042 (H).

The remaining speciesLiga richardsonij Lithognathus lithognathysH.
capensis Oreochromis mossambicuugil cephalus Diplodus sargus capensis
Caffrogobius gilchristiand Psammogobius knysnaensaptured accounted for ca.
10% of the total numbers with 371 captures and &&ptures. Of these, only

richardsonii L. lithognathus and O. mossambicusseem to have any significant
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contribution to the population. However, no conas can be made from the limited

recaptures.

One longfin eel Anguilla mossambiga was captured during the April
sampling period. Occasional schools of estuarinandherring Gilchristella
aestuarig and Cape silversidétherina brevicepswere caught during this study, but

these fish were considered too small to mark.

5.3.2Movement data.

For the movement model, only two recaptures ocduimearea 1 and both were fish

marked from area 2. The other three areas alhfey recaptures, from all the areas
(area 2 = 147; area 3 = 183; area 4 = 116). DRispatterns in movement were

observed for the fish community sampled (Table.5@j the 383 fish marked in area
1, 47 were recaptured with the model estimating @%heir movement into area 3,

with less movement into area 2 (28%) and minimal/emeent to area 4 (6%). No

fish were predicted to remain in area 1, as noptecas from this area were found in
this area. Fish from area 2 (1053 marked, 212ptacad) were equally estimated to
remain in the area and move to area 3 (both 46%b) mvinimal movement to area 4

(8%) and area 1 (1%). Fish from area 3 (610 mar&édecaptured) remained in the
area (39%), moved to area 4 (40%), while some mewtro area 2 (19%), and no

movement to area 1 was estimated. Fish markedrea 4 (1398 marked, 105

recaptured) tended to remain in the area (60%)levdaime movement was estimated

into areas 2 and 3 (19% and 21%), and no movemasiestimated into area 1.

74



Chapter 5: Fish population size and movement petter

The Mugilidae, a combined category of all specreshe family, tended to move
widely through the estuary (Table 5.4), but receptrates were particularly low
(1.8%). Mugilidae were caught throughout the estweth some residency patterns
shown for areas 2, 3 and 4. Area 1 had many capiar@pril (n = 279) and very few
captures (n = 4) during the other sample periddge benthic specie§. calliduswas

a particularly resident species (Table 5.5) witijhhproportions remaining in areas 3
and 4 (74% and 75%). Those marked in area 2 did/ shovement to areas 1 and 3
(10% and 52%), but none were found to move to dredMonodactylusalciformis
also exhibited resident behaviour and was partiuldominant in vegetated areas
(Table 5.6). Vegetated areas 2 (n = 165) and 4 406) had much higher captures
then areas 1 (n = 2) and 3 (n = 29). Movemeninedés also showl. capensis
remained in area 2 (66%) and area 4 (67%). Onettier hand thoskl. capensis
marked in area 3 showed complete movement to ar€0@%). Only oneM.
capensismarked in area 1 was recaptured, and it was reeptn area 3. Cape
stumpnoseR. holubi, were captured throughout the estuary, and reseptccurred
in all areas, except area Rhabdosargusolubi showed some resident behaviour in
area 2 (43%) and area 4 (41%), but movement froma @ to area 3 (52%), and
movement from area 4 to area 3 (36%) and area @) 2&s considerable. Those
captured in area 1 were found to move to area )38d area 3 (59%), while those
captured in area 3 had a tendency to move to a(d8%), with significant numbers
remaining in area 3 (26%) or moving to area 4 (2¢¥&ble 5.7). White steenbras,
L. lithognathus were captured in all areas. The majority of ¢hptures occurred in
area 3 (N = 65). All recaptures occurred on tmalfisampling date. Those fish
captured in area 1 and area 2 showed a strong nemteattern to area 3 (100% and

80%), while fish captured in area 3 showed resig¢88%) and movement to area 2
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Table 5.3 Estimated movement probabilities for total fishpplation, using the
Hilborn (1990) method, in the Grant's Valley Estpawith the 95% confidence
intervals in parentheses. Probability of captuse; 0.073 (Cl = 0.066 — 0.080).

Destination Area

Source Area Area 1l Area 2 Area 3 Area 4
Area 1 0.00 0.28 0.66 0.06
(0.00 - 0.01) (0.15 - 0.40) (0.52-0.78) (0.02-0.14)
Area 2 0.01 0.46 0.46 0.08
(0.01 -0.02) (0.43 - 0.56) (0.36-0.48) (0.04-0.12)
Area 3 0.00 0.20 0.39 0.40
(0.00 - 0.01) (0.13-0.30) (0.27-0.48) (0.29 - 0.52)
Area 4 0.00 0.19 0.21 0.60
(0.00 - 0.01) (0.12 - 0.25) (0.20-0.35) (0.45-0.62)
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Table 5.4 Estimated movement probabilities for the Mugilidpplation, using the
Hilborn (1990) method, in the Grant's Valley Estpawith the 95% confidence
intervals in parentheses. Probability of captupe; 0.018 (Cl = 0.012 — 0.025).

Destination Area

Source Area Area l Area 2 Area 3 Area 4
Area 1l 0.00 0.33 0.33 0.33
(0.00 - 0.50) (0.00 - 1.00) (0.00-1.00) (0.00-1.00)
Area 2 0.00 0.62 0.25 0.12
(0.00 - 0.00) (0.25 - 1.00) (0.00-0.60) (0.00 - 0.40)
Area 3 0.00 0.00 0.42 0.58
(0.00 - 0.00) (0.00 - 0.00) (0.14-0.75) (0.25-0.86)
Area 4 0.00 0.17 0.25 0.58
(0.00 - 0.00) (0.00 - 0.42) (0.00-0.52) (0.27-0.86)
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Table 5.5 Estimated movement probabilities for th@&lossogobius callidus
population, using the Hilborn (1990) method, in Beant's Valley Estuary with the
95% confidence intervals in parentheses. Prolabili capture, p= 0.156 (Cl =

0.123 - 0.189).

Destination Area

Source Area Area 1 Area 2 Area 3 Area 4
Area 1 0.00 0.67 0.33 0.00
(0.00 - 0.00) (0.00 - 1.00) (0.00 - 1.00) (0.00 - 0.50)
Area 2 0.10 0.38 0.52 0.00
(0.00 - 0.24) (0.16 - 0.62) (0.31-0.77) (0.00 - 0.00)
Area 3 0.00 0.00 0.74 0.26
(0.00 - 0.00) (0.00 - 0.00) (0.52-0.91) (0.09 - 0.48)
Area 4 0.00 0.13 0.11 0.76
(0.00 - 0.00) (0.03 - 0.25) (0.02-0.21) (0.63-0.89)
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Table 5.6 Estimated movement probabilities for thdonodactylus falciformis
population, using the Hilborn (1990) method, in Beant's Valley Estuary with the
95% confidence intervals in parentheses. Probghilft capture, p= 0.127 (Cl =

0.101 - 0.156).

Destination Area

Source Area Area 1 Area 2 Area 3 Area 4
Area 1 0.00 0.00 1.00 0.00
(0.00 - 0.25) (0.00 - 0.25) (0.25-1.00) (0.00 - 0.25)
Area 2 0.00 0.66 0.17 0.17
(0.00 - 0.00) (0.51-0.79) (0.07-0.29) (0.06 - 0.30)
Area 3 0.00 0.00 0.00 1.00
(0.00 - 0.00) (0.00 - 0.00) (0.00-0.00) (1.00 - 1.00)
Area 4 0.00 0.33 0.00 0.67
(0.00 - 0.00) (0.16 - 0.52) (0.00-0.00) (0.48-0.84)
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Table 5.7 Estimated movement probabilities for tReabdosargus holulgopulation,
using the Hilborn (1990) method, in the Grant's &l Estuary with the 95%
confidence intervals in parentheses. Probabilityapfture, p= 0.095 (0.083 — 0.108).

Destination Area

Source Area Area 1l Area 2 Area 3 Area 4
Area 1 0.00 0.33 0.59 0.07
(0.00 - 0.00) (0.12-0.52) (0.41-0.77) (0.00-0.17)
Area 2 0.00 0.43 0.52 0.05
(0.00 - 0.00) (0.36 - 0.51) (0.43-0.59) (0.02-0.09)
Area 3 0.00 0.48 0.26 0.26
(0.00 - 0.00) (0.29 - 0.65) (0.11-0.43) (0.12-0.42)
Area 4 0.00 0.23 0.36 0.41
(0.00 - 0.00) (0.11-0.37) (0.20-0.51) (0.26 - 0.57)
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(67%). No L. lithognathus originally captured in area 4 were recaptured, so

movement from this area cannot be estimated (TaBle

5.4 Discussion

5.4.1 Population Estimates

Mark-recapture techniques are widely used to estinamimal population sizes.
These techniques have been utilised for fish pdiouis since the early #0century,
using various methods and resulting in estimatesswivival, movement and
population size (Schnabel, 1938; Darroch, 195811%#ber, 1965; Buckland, 1980;
1982). Closed populations, described as populatibat remain unchanged during
the period of investigation, tend to have simpkmeation models since the effects of
the migration, mortality and recruitment are coesédl negligible (Seber, 1986).
With immigration restricted by the mouth closuredamortality minimized by the
virtual absence of piscivorous fish and birds, wéorent was the only potential
source of error for the mark-recapture populatistingates. Recruitment of
ichthyofauna into the estuary likely occurred dgrithe overtopping events that
occurred during the study (unpublished data). Técsuitment is, however, unlikely
to have introduced a high degree of error as wg oanhsidered fish >50 mm SL
during the study and overtopping typically movestgtexion larvae (SL < 10 mm)
and juvenile fish (SL 10 — 40 mm) into the estuaiiKemp and Froneman, 2004).
Tag loss and fish mortality related to handlingessr have also been identified as
important sources of variability in mark-recaptstadies (Hansen, 1988; Moffedt
al., 1997). Fin clipping probably reduced these proid as the study was conducted

over a relatively short period of time and littlerm fin regrowth was observed.
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Table 5.8 Estimated movement probabilities for thethognathus lithognathus
population, using the Hilborn (1990) method, in Beant’s Valley Estuary with the
95% confidence intervals in parentheses. Probghilft capture, p= 0.077 (Cl =

0.039 - 0.116).

Destination Area

Source Area Area 1 Area 2 Area 3 Area 4
Area 1 0.00 0.00 1.00 0.00
(0.00 - 0.25) (0.00 - 0.25) (0.25-1.00) (0.00 - 0.25)
Area 2 0.00 0.20 0.80 0.00
(0.00 - 0.00) (0.00 - 0.67) (0.33-1.00) (0.00 - 0.00)
Area 3 0.00 0.67 0.33 0.00
(0.00 - 0.00) (0.20 - 1.00) (0.00-0.80) (0.00 - 0.00)
Area 4 0.00 0.00 0.00 0.00
(0.00 - 0.00) (0.00 - 0.00) (0.00 - 0.00) (0.00 - 0.00)

82



Chapter 5: Fish population size and movement petter

In the absence of any recaptures, the derived mdetised to estimate fish
population sizes should be considered with cauffdowley and Whitfield, 2001).
Population estimates for those specids;ephalusD. capensisC. gilchristi, andP.
knysnaensjswhere no recaptures were made are thereforey likelbe inaccurate.
Many O. mossambicusvere captured, but none were recaptured. Previegesarch
has shown that adulD. mossambicusexhibit mass mortality in low temperature
waters (e.g., during winter) (Jubb, 1979). As asamuence, the estimates of the
population size oD. mossambicusre likely to be low. It is notable that a simila
study conducted in 10 estuaries within the samegggahic regionO. mossambicus

contributed < 2% of the total catch (Vorwezkal, 2001).

Species richness during this study was similah& of Cowley and Whitfield
(2001) in the nearby IO East Kleinemonde estuatyere 12 and 10 species were
found in two different surveys, using similar gead sampling strategy, compared to
the 15 species found in this study. Larger |@a&$és and estuaries connected to the
sea more often, such as the East Kleinemonde, glsbolw a greater species richness
than the smaller, isolated Grant’s Valley estulgifa and Potter, 1992b; Vivier and
Cyrus, 2002). Vorwerket al. (2001) found 20 species of fish in the East
Kleinemonde, including?. breviceps O. mossambicysG. aestuaria G. callidus P.
knysnaensiandH. capensis By contrast, in larger, permanently open systesitisin
the same geographic region, up to 30 species magcoeded (Vorwerlet al, 2001).
Although that study employed both seine nets atichgts, the use of the block nets
with the small area of the Grant’s Valley estuamgtyably increased the probability of
this study capturing all species within the systeAustralian studies (Griffiths and

West, 1999; Griffiths, 2001c) found similar fishveisity (16 species) in the small (2
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ha) Australian IO Shellharbour Lagoon with similamilies dominating (sparids,
mullets and gobies) while the smaller Bellambi Langd1.4 ha) contained only five
species. The lower fish species diversity in sri@llestuaries in can be linked to
limited recruitment and lower habitat availabilifBennett, 1989; Whitfieldet al,

1989; Griffiths and West, 1999). However, juvetith of economic importance are

often amongst represented species (Griffiths andt/1699).

Estuarine utilization categories divide fish sped@o groups based on their
level of estuarine dependence (Wallateal, 1984; Whitfield, 1998). The two most
numerically abundant fish species found in the Gsavialley estuary R. holubi and
M. falciformis) are classified by Whitfield (1998) as category fiah, marine
spawners dependent on estuaries for nursery aédke 12 fish species sampled in
this study, eight of the species spawn in the neagimvironment and have an obligate
estuarine phase (type Il or type V). The remairfimgr species, of which only the
River Goby,G. callidus, makes a considerable contribution to overall nersjpare all
species that can breed within the estuary (type type V) (Whitfield, 1998). In
small 10 Australian estuaries, marine breeding fishnot appear to gain access to
estuaries during overtopping events due to thergéabsence of marine fish larvae
within the marine waters adjacent to the systen#ss a consequence, estuarine
breeding fish numerically dominate the ichthyofawifathose systeméNeira and
Potter, 1992a; Potteet al, 1993; Younget al, 1997; Griffiths, 2001b). Marine
spawned species have, however, been shown to thetr estuaries during opening
events (Griffiths and West, 1999; Griffiths, 20022§)01c). In the Grant’'s Valley
estuary, it is only overtopping that maintains th@minance of marine breeding

species during the extended closed periods.
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The numerically dominant fish species within thea@is Valley estuary,
namelyR. holubj M. falciformisand the mullet species, are all characterised &y th
ability to withstand a wide range in salinity cotmmls (Blaber, 1974b; Dagt al,
1981; Bennett, 1985; Branoét al, 1985), and demonstrate an extended breeding
period (Wallace, 1975; Bok, 1979; van der Horst BEn@smus, 1981; Lasiak, 1984).
These fish have also been shown to utilise ovemgppvents to recruit into the
estuary during the extended closed phase (KempFaodeman, 2004). Another
abundant specie&;. callidus which prefers freshwater but can breed in estgars
found over a wide range of salinities, but are aimuever found breeding in the
marine environment (Whitfield, 1998%lossogobius callidusvas found to be the
dominant goby species, and abundant, in other pd@lestuaries (Vorwerlet al,
2001). Fish species highly tolerant to environrakahanges may be the only species
that can thrive in small 10 estuaries as theseesysthave lower buffering capabilities
and are more likely to experience rapid changes taeger systemgGriffiths and

West, 1999)

There have been no similar population studies coteduin small 10 estuaries.
Studies conducted in the larger, |0 East Kleinemoestuary indicated a population
estimate of ichthyofauna equivalent to 18 000 fish 0.10 fish- m?) in a study with
a similar recapture rate and 133 00 (0.76 fish- m?) in a second study
characterised by an increased frequency of overngpgvents, but with a much lower
recapture rate (Cowley and Whitfield, 2001). Bwirast, during this study the mean
fish density was estimated e&. 0.41 fish if. The higher densities in the Grant's
Valley estuary, as compared to the first study, banlinked to extended mouth

closure and the recruitment of fish into the estuduring overtopping events that
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leads to a build-up of fish biomass in the systémcontrast in the East Kleinemonde
estuary, mouth-breaching events occur more fregquenan in the Grant’'s Valley
estuary (Cowley and Whitfield, 2001; Kemp and Froaa, 2004), resulting in
emigration of fish from the estuary to the marimyionment. During the second
study, the increased overtopping could accounthfedarger fish abundance. Cowley
and Whitfield’s (2001) mullet numbers are more @mwative since they included
mullet >100 mm while this study included mullet >60n. In an Australian study
(Young et al, 1997), densities ranged from 0.53 to 11.87 fishimthe much larger
IO Moore River estuary. Densities in permanepihen systems tend to be higher
than IO estuaries as recruitment can constantlyrobait little quantification has been

shown (Whitfield and Kok, 1992).

Rhabdosargus holupM. falciformis, andM. capensisare dominant species found
in both the study by Cowley and Whitfield (2001)tle East Kleinemonde and in the
current study on the Grant's Valley estuary. Wittspect to total estimated
abundanceR. holubiwere found to be less dominant in the present stwtigre they
accounted for 30% of the total, than in the Eagtiddmonde where thegccounted
for between 70 and 80% of the total ichthyofaun@he absence oPomadasys
commersonniiand the piscivoroud.ichia amia in this study emphasized the
differences between the two estuaries (Cowley ahdfidd, 2001). The presence of
R. holubi, L. lithognathus and the mullet show the importance of IO estsade
significant fish habitats for a number of ecolodficamportant fish (Bok, 1979; 1984;

Bennett, 1993).
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5.4.2 Fish movement studies

Habitat selection by fish species has been shovioe tan important influence on fish
assemblage structure in estuaries (Whitfield, 1999Bhannel depth, seagrass beds,
rocky outcroppings, light penetration levels, seslitntype, and the presence of
aguatic macrophytes have all been shown to infleetistribution of fish in estuaries
worldwide (Connolly, 1994; Whitfield, 1999b; Griffis, 2001a). Immigration rate
has been shown to be a good indicator of habitatityufor those fish exhibiting
exploratory behaviour (Bélanger and Rodriguez, 200Rurthermore, estuary size
also tends to structure fish assemblages (Anganeizzl, 1994) as fish habitat
preference and food source vary with size (Whitfil998). Movement of the fish
community within the estuary during the presendgtwas seen to be minimal as the
majority of fish were found to remain within thesarof the estuary where they were
captured although a slight upstream movement camn seen. This upstream
movement may be a seasonal shift to deeper watersydhe colder winter. Notable
exceptions to this observation were the mullet, @agde stumpnos&. holubi, which

appeared to demonstrate a high degree of interrao@ament.

For the mullet species, gut content analysis sstudielicate that mullet
consume mainly microphytobenthic algal and diat¢Biaber, 1987). The mullet, as
detritivores make an important link in overall fiphoduction (Ray and Straskraba,
2001). Maximum biomass of microphytobenthic algee generally recorded in the
mouth region of the estuary where optimum cond#iofor growth prevail
(Perissinottoet al, 2003; Nozaiset al, 2005). The high degree of movement
demonstrated by mullet may therefore be attribtioefbod availability and foraging

behaviour. The most dominant mullet species inesteiary is the catadromoivs
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capensis Catadromous mullet have been shown to show argkrupstream
movement pattern in estuarigslmeida, 1996), which may affect the movement of
mullet even though they cannot reach freshwatertduepoundments and restricted
fluvial flow. Rhabdosargus holuldid show some preference for areas with high
densities of submerged vegetation, as large jusenieed on epiphytic diatoms
covering aquatic macrophytes (Whitfield, 1998). eTadbsence of macrophytes in
shallow mouth region during the study would malkat #rea a less suitable habitat for
these fish. The remaining species appeared to be restrictedpaxific areas,
particularly those areas characterised by submenggcrophytes or reed beds. A
number of previous studies have demonstrated iblatbiomass is greatest in those
regions of the estuary where reeds or submergedopiages persist (Weis and Weis,
2003; Adamset al, 2004). The increase in biomass is thought t@ besult of the
reed beds providing refuge against predators cdupléh their role as detritus traps
providing improved foraging regions (Griffiths, 2I18) Weis and Weis, 2003;

Nagelkerken and van der Velde, 2004).
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Chapter 6:

General discussion

Results of this study indicate that the ichthyoflutommunity structure within the
littoral zone of Grant’s Valley estuary was strgngihked to mouth phase and the
establishment of a link to the marine environmeiat wwertopping, and to a lesser
extent, seasonality (Chapter 3). In the absencéhede links, the ichthyofaunal
community was numerically dominated by estuarinsident species, mainl{.
aestuariaandG. callidus which could be attributed to the multiple recruetmh events
of these species during the closed phase (ChapterTfhe establishment of a link to
the marine environment via breaching or overtoppregulted in an increased
contribution of marine breeding species (drgholubi, M. falciformis M. capensis
and L. richardson) to the total ichthyofaunal assemblage within #@stuary. This

resulted in increased ichthyofaunal diversity.

Seasonal changes in water temperatures also apptareontribute to the
temporal change in the ichthyofaunal community doiehe temperature induced
mortality of Mozambique tilapia). mossambicugChapter 3). There were no spatial
patterns in the ichthyofaunal community, which barlinked to the virtual absence of
horizontal gradients in temperature and salinityhini TOCEs (Froneman, 2002a).
The observed pattern in ichthyofaunal communityuddtire within the small
intermittently open Grant’'s Valley estuary was greement with studies conducted
in larger TOCEs (e.g. East Kleinemonde and Kaso(@ayjvley and Whtifield, 2001;

Tweedle, 2004) within the same geographic region.
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Overall, the ichthyofaunal diversity in the GranValley estuary was much
lower than that of the permanently open systentgs (ariega and Great Fish) (Ter
Morshuizen and Whitfield, 1994; Vorwesk al. 2001). The reduced diversity can be
ascribed to the presence of a sandbar at the muiich limited recruitment of
marine breeding species into the system (Whitfié2D9b). Not all estuarine
dependent marine fish species have been showrutdleatilize overtopping events
to recruit into TOCE (Vivier and Cyrus, 2001; Kerapd Froneman, 2004). As a
result, the estuarine dependent marine fish spéoigsl within TOCE is a subset of

the community typically recorded in permanently mpstuaries in the same region.

Results of the mark and recapture study indicaettie small Grant's Valley
estuary sustained a population of approximatelyO00P individuals >50mm SL
(Chapter 5). The large number of fish can likelyatigibuted to the accumulation in
abundance due to the recruitment of marine breesiyegies into the estuary during
overtopping events. It is worth noting that thémeates of abundance per unit area
(0.41 fish- m?) exceeded those found in the larger East Kleinmoestuary (0.10
fish - m?). The elevated values can likely be attributedh® reduced frequency of
breaching events in the Grant's Valley estuary. thifi TOCE movement of fish
within these systems appears to be species spanificlependent on habitat selection
and foraging behaviour (Whitfield, 1999b). Althdughe fish community did be
enlarge, not show spatial patterns for the smalieed fish, larger marine species

showed some habitat preferences within the estuary.

This study has investigated spatial and temporéépes; growth and recruitment;

and movement and population size of the ichthydadaarthe littoral zone of the small
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temporarily open/closed Grant’s Valley estuary gsiobust models and year long
data. The study has highlighted a number of ardeevfuture research is urgently

required:

(1) Increased coastal development coupled with alatimate change is likely to
coincide with the dramatic reduction in freshwatgtow into these systems. The
reduction in freshwater pulses in this semi-argioe is likely to be associated with a
decreased frequency of breaching events (Reddet®@g; Whitfield and Bruton,
1989). The impact of long-term separation of thsua&ry from the marine
environment to South African TOCE is importantheit biodiversity;

(2) Research on overtopping as a means of recmitrak fish from the marine
environment into South African TOCE has been re®d to a single study in the
subtropical region (Vivier and Cyrus, 2001) and tstadies in the warm temperate
zone (Bellet al, 2001; Kemp and Froneman, 2004). Results oktlsaslies indicate
that these events play an important role in strirguichthyofaunal communities
within TOCE. To date, no research has been undartéo assess if marine species
within TOCESs can utilize these events to returtheomarine environment;

(3) Breaching events are associated with the exglorharine breeding fish within
TOCE into the marine environment (Harrison and Wi#id, 1995; Younget al,
1997). The large number of TOCE recorded alongsthathern African coastline
suggests that these systems play an importanirréthe dynamics of the ichthyofauna
within the near-shore environment.

(4) Food webs within TOCE are poorly understoodordresearch on the nutrient
flow within these systems can be undertaken as ¥oelos can show the community

structure and trophic levels within estuaries. tlkemmore, how the changing
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environmental conditions (i.e. shifts in salinitydatemperature) may result in shifts in

the food web.
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