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ABSTRACT 

There is a paucity of published infonnation on fish utilization of salt marshes outside North 

America. This dissertation represents the first intensive examination of the ichthyofauna associated 

with salt marshes in southern Africa and examines the species composition, diversity, size 

structure, distribution and estuarine dependence of fishes that utilize salt marshes in the Kariega 

Estuary. The research was concentrated on Taylor's salt marsh, with comparative studies being 

conducted on other salt marshes and habitats within the marine dominated Kariega Estuary. The 

possible importance of salt marshes as feeding and refuge areas for fishes was examined, as was 

the role of salt marshes in the food web of the estuary. 

The fishes frequenting salt marshes in the Kariega Estuary were predominantly the juveniles of 

marine species, with Mugilidae being the dominant family. The ichthyofauna was distributed 

primarily in the intertidal creeks with very few specimens captured on the vegetated Spartina 

maritima and Sarcocomia perennis flats. The different reaches of the intertidal creek were 

characterised by distinct fish assemblages. 

The fish assemblages associated with the intertidal salt marsh creeks were significantly different 

from those found in the eelgrass beds, the other dominant intertidal habitat in the Kariega Estuary. 

The eelgrass beds were dominated by estuarine fish species and had a higher density and standing 

stock of fishes when compared to the salt marsh creeks. The diversity of fishes in the two habitats 

was however similar. 
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The intertidal salt marsh creek ichthyofauna also differed significantly from that found in the main 

estuary channel. The creek ichthyofauna was dominated by 0+ juveniles while the main channel 

had many subadult and adult fishes. The channel habitat also had numerous large piscivorous 

fishes which were absent from the salt marsh creeks. The low number of piscivorous fishes, 

together with limited fish predation from other sources, may be the reason why salt marshes 

provide a refuge for juvenile fishes that frequent these habitats. 

Unlike previous studies on North American, Australian and European salt marshes, the dominant 

fish species that frequented Taylor's marsh were not recorded feeding extensively on the marsh, 

and those that did had a limited distribution. The role of fishes in the transfer of energy off the 

Kariega salt marshes is therefore likely to be minimal. 

A stable carbon isotope study on the dominant primary producers and consumers within the 

Kariega Estuary revealed that detritus originating from the high lying salt marsh plants 

Sarcocornia perennis and Cheno/ea diffusa was not utilized by fishes in the Kariega Estuary. 

Preliminary results indicated that the cord grass Spartina maritima may be an important energy 

source to the fishes in the Kariega Estuary, but further research is needed to confinn this. 
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Chapter 1 

General introduction 



1.1 RATIONALE 

A number of studies have been conducted on the fish composition and community structure in the 

different habitats of South African estuaries. The main channel habitat has been the focus of 

numerous gill net studies (Marais 1983a, Plumstead eta!. 1985, 1989a,b) which investigated the 

utilization of South African estuaries by fishes. Ichthyoplankton in the main channels and mouths 

of a number of estuaries have also been examined in an attempt to elucidate the recruitment 

processes and factors which influence the abundance of larvae in estuaries (Melville-Smith & 

Baird 1980, Melville-Smith eta!. 1981, Whitfield 1989a, Harris & Cyrus 1995). Eelgrass beds 

have also received attention with studies assessing the fish species associated with Zostera 

capensis in the Swartkops Estuary (Beckley 1983), the differences in the fish assemblages in 

eelgrass beds and adjacent bare areas (Hanekom & Baird 1984) and the longitudinal distribution 

offish communities found in eelgrass beds (Ter Morshuizen & Whitfield 1994). The distribution 

of fishes in the different reaches of South Afiican estuaries has also been studied in a wide range 

of estuarine types, e.g. in the littoral reaches of an estuarine coastal lake (Whitfield 1993) and in 

the upper reaches of a freshwater dominated system (Ter Morshuizen et al. 1996). While there 

is extensive ichthyological infonnation from a variety of habitats, nothing is known about the 

fishes that utilize salt marshes, even though they fonn an important intertidal habitat in temperate 

South African estuaries. Salt marshes in this region occur in estuaries and protected embayments 

along the south eastern, southern and western coasts of the subcontinent (Adams & Bate in 

press). Their distribution along the east coast decreases markedly north of the Kei River where 

the more subtropical climate favours the development of mangroves (O'Callaghan 1994). Salt 

marshes in South Africa cover approximately 17 000 ha with more than 75% of this area being 

confined to the following systems: Langebaan, Knysna, Swartkops, Berg and Olifants 

(O'Callaghan 1994). 

Ichthyofaunal research on Australian and European tidal marshes and creeks is also in its infancy 

with only a few studies having been undertaken (Australia - Morton eta!. 1987, 1988, Connolly 

in press, Connolly et al. in press~ Europe - Kelley & Reay 1988, Drake & Arias 1991a,b, 

Cattrijsse et al. 1994, Mathieson et al. in press a,b). In contrast, extensive research on the 

ichthyofauna associated with North American salt marshes has been undertaken, with the initial 

research dating back to the first half of this century. Since the 1970s there have been numerous 
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investigations covering the composition and abundance of fishes in a range of tidal fresh and salt 

marshhabitats(Subrahmanyam&Drake 1975, Cain&Dean 1976, Bozeman&Dean 1980, Smith 

eta!. 1984, Chamberlain & Barnhart 1993, Knieb 1997a). The research has not only been 

descriptive, but many of the factors that influence the utilization of tidal freshwater marshes, salt 

marsh creeks and salt marsh flats have been investigated (Rountree & Able 1993, Baltz eta!. 

1993, Knieb & Wagner 1994, Rozas 1995, Knieb 1997b). Building on the knowledge base 

described above, studies have also been undertaken to determine how these habitats can be 

managed, to assess mitigation efforts and to ascertain the most appropriate methods for restoring 

damaged areas (Moy & Levin 1991, Rulifson 1991, Rozas 1992a, Herke et al. 1992, Roese & 

Konikoff 1995). Research has now reached the phase where concepts that have been expressed 

repeatedly in the literature, but in many cases are unsubstantiated, are being questioned and tested, 

e.g. that the shallow water habitats of salt marshes act as refuges from predators (Rountree & 

Able 1997). 

This thesis is the first ichthyofaunal investigation of salt marshes in southern Africa and 

commences with a characterization of the fish assemblages that frequent this habitat. In particular, 

this dissertation will examine the species composition, estuarine dependence and size structure 

of the fishes that frequent salt marshes and their associated habitats in the Kariega Estuary. In 

addition, the salt marsh fish assemblage will be compared to those of other intertidal and subtidal 

habitats, thus providing a wider perspective regarding the relative importance of various habitats 

to the Kariega Estuary ichthyofauna. The results of this study will provide the basis for further 

ichthyofaunal research in the salt marshes of southern Africa. 

An area of salt marsh research that has received considerable attention is the transfer of energy 

and nutrients between marshes and adjacent estuarine systems. The tidal ' outwelling' of a marsh' s 

primary production appears to be system specific with some systems showing considerable export 

while others sb.ow little exchange of either energy or nutrients (Nixon 1980, Odum 1980, Dame 

et al. 1986, Taylor & Allanson 1995). Very few of these flux studies considered the role that 

nekton may play in the energy transfer between habitats but rather concentrated on the tidal fluxes 

of material and nutrients (Deegan 1993, Knieb 1997b). The above omission is surprising since 

ichthyofaunal salt marsh research has shown that many fish species move into salt marshes and 
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their intertidal creeks, feed and then return to the subtidal estuarine environment, thus resulting 

in a possible nett export of energy from these systems (V aliela et al. 1977, Weinstein et al. 1980, 

Talbot & Able 1984, Allen et al. 1995, Knieb 1997b). Research in South Africa has shown that 

there is little tidal expqrt of organic material from salt marshes in the Kariega and Swartkops 

estuaries (Baird & Winter 1992, Taylor & Allanson 1995) but no studies have been undertaken 

on the fishes that frequent these marshes and the role they may play in exporting energy from 

these systems. 

Intrinsic to the argument regarding the importance of any nett export of primary production off 

salt marshes is whether the vascular detritus produced by marsh vegetation is utilized by 

invertebrates and fishes. However a debate has raged over the importance of vascular plant 

detritus, in particular Spartina, to food webs in estuaries (Haines 1977, Haines & Montague 1979, 

Peterson et al. 1980, Sherr 1982, Couch 1989, Currin et al. 1995). Preliminary isotope research 

in the Kariega Estuary indicated that the dominant intertidal vegetation (Zostera capensis and 

Spartina maritima) was not an important energy source to some of the invertebrate fauna studied 

(de Villiers 1990). 

This thesis.aims to provide an insight into the role that South African salt marshes play as refuge 

and feeding areas to the fishes that frequent them. The capacity that fishes might have in exporting 

energy and nutrients off salt marshes in the Kariega Estuary will be investigated, and an isotope 

study on the dominant primary producers and nekton in the Kariega Estuary will examine the 

possible role that the salt marsh plants have in the food web of the system. 

1.2 THESIS STRUCTURE 

The structure of this thesis is such that, while all chapters are linked to one another, each will 

stand alone (i.e. deal with a different topic). Each chapter will have its own introduction to the 

questions being asked, the materials and methods used in answering the questions, the results and 

discussion. Where different chapters have used the same materials and methods, reference will be 

made to their initial description. 
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Chapter 1 - General introduction: This chapter provides the rationale for the study, the thesis 

structure, and a general description of the Kariega Estuary, with an emphasis on Taylor's salt 

marsh which was the site for the majority of the research. 

Chapter 2- The fishes associated with Taylor's intertidal salt marsh creek: This chapter aims 

to determine the abundance and diversity of fishes found in a South African intertidal salt marsh 

creek, examine the ichthyofaunal community structure, determine any seasonal changes in the fish 

assemblage and compare the standing stock and density of fishes found in Taylor's creek with 

reported values for other estuarine habitats. This chapter was published in the Transactions of the 

Royal Society of Southern Africa (Paterson & Whitfield 1996). 

Chapter 3- The distribution of fishes within Taylor's salt marsh system: Chapter 2 examined 

the fishes that were associated with the intertidal creek that drains Taylor's salt marsh but did not 

document the distribution of fishes in the different habitats found within the marsh. In order to 

understand fish utilization of a salt marsh, an insight into the distribution patterns of fishes within 

the entire system is required. This chapter examines the distribution of fishes in the various 

habitats which make up Taylor' s salt marsh e.g. intertidal creek, Spartina maritima flats, 

Sarcocornia perennis flats and high marsh pools. The fish assemblages associated with the lower, 

middle and upper reaches of the intertidal creek were also compared. 

Chapter 4- Ichthyofauna associated with Taylor's intertidal salt marsh creek and eelgrass 

beds: In order to appreciate the role that salt marshes play in the overall ecology of the 

ichthyofauna in the Kariega Estuary, it was necessary to compare the fish assemblages associated 

with this habitat to others within the system. Eelgrass beds form the other major intertidal habitat 

in the middle reaches of the Kariega Estuary and it has been shown that eelgrass beds in estuaries 

act as nursery areas for many estuarine and marine fish species. The aim of this chapter is to 

compare the density, standing stock and composition of fish assemblages found in Taylor' s 

intertidal salt marsh creek with those found in the adjacent eelgrass beds, thus highlighting any 

habitat preferences exhibited by the different fish species. This chapter has been accepted for 

publication in Environmental Biology of Fishes (Paterson & Whitfield in press). 
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Chapter 5 - Spatial variation in the fish assemblages associated with three intertidal salt 

marsh creeks and their adjacent eelgrass beds: While Chapters 2 and 4 established the 

similarities and differences between the fish assemblages associated with Taylor's intertidal salt 

marsh creek and adjacent eelgrass beds, the work was limited on a spatial scale to only one marsh 

system. This chapter aims to establish whether the conclusions reached in this earlier work are 

also valid for other intertidal creeks and eelgrass beds within the Kariega Estuary. 

Chapter 6 - A comparison between the fishes associated with the benthic and epipelagic 

channel habitats and those found in Taylor's intertidal salt marsh creek: As in Chapter 4, 

there is a need to place the ichthyofauna that utilize salt marshes and their intertidal creeks into 

context within the wider Kariega Estuary fish assemblage. Rather than comparing two intertidal 

habitats, as in Chapter 4, this chapter compares the fishes found in Taylor' s intertidal salt marsh 

creek with those associated with subtidal benthic and epipelagic habitats found in the main channel 

of the Kariega Estuary. 

Chapter 7- The role of the Kariega salt marshes as feeding and refuge areas for fish: The 

previous chapters deal with characterizing the fishes that utilize salt marshes and their different 

habitats or with comparing these results to other habitats within the Kariega Estuary. This chapter 

aims to provide some insight into why fishes utilize salt marshes and the role that salt marshes and 

their intertidal creeks play as refuge and/or feeding areas. 

Chapter 8 -A stable carbon isotope study of the food web in the Kariega Estuary, with 

particular emphasis on the fishes: Following on from the feeding aspect of Chapter 7 this 

section aims, with the use of stable isotopes, to ascertain the extent to which the dominant salt 

marsh plants are utilized as an energy source by the nekton in the Kariega Estuary. This chapter 

was published in Estuarine, Coastal and Shelf Science (Paterson & Whitfield 1997). 

Chapter 9 - Concluding discussion: The final chapter compares the characteristics (e.g. 

diversity, distribution, feeding, predation) ofthe ichthyofauna associated with theKariega Estuary 

salt marshes to tidal marsh systems elsewhere in the world. A conceptual model on the availability 

and utilization by fishes of the primary producers in the Kariega Estuary is developed and 
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discussed. Lastly, the direction that future ichthyological research on South African salt marshes 

should take is addressed. 

1.3 STUDY SITES 

KARIEGA ESTUARY 

The Kariega Estuary is situated on the east coast of South Africa (33° 41'S, 26° 42'E), adjacent 

to the town Kenton-on-Sea and is approximately 18 km long (Figure 1.1). The channel in the 

upper reaches is narrow ( 40 - 60 m) and usually flanked by steep slopes while in the lower reaches 

the estuary widens (100m) and is bordered by sandflats and salt marshes (Grange 1992). The 

estuary is relatively shallow with an average midstream depth ofbetween 2. 5 and 3. 5 metres. The 

Kariega Estuary is a mature Ria-type estuary which was formed by the drowning of a river valley 

following a rise in sea level (Reddering & Rust 1990). Using Whitfield's (1992) classification of 

South African estuaries, the Kariega Estuary can be categorized as a permanently open system. 

As estuaries are the meeting points between the marine and riverine environments, the physical 

characteristics of these two water bodies play a significant role in the structuring of these systems. 

The Kariega Estuary is a marine dominated system (Plate 1.1) with very little riverine influence. 

The system has been known to be hypersaline in the upper reaches and apart from episodic 

freshwater inputs (which require the overflow of Settlers Dam), river inflow is negligible for 

extended periods (Hodgson 1987, Allanson & Read 1995, Grange et al. in press). This low 

freshwater input into the system is due to the Eastern Cape being relatively arid, which is 

exacerbated by a very poor rainfall to runoff conversion (Whitfield & Bruton 1989). In addition, 

the catchment of the Kariega Estuary is small (686 km2
) and highly regulated by three dams and 

numerous farm weirs. In contrast, the marine environment has a major influence on the estuary 

which is demonstrated by the 106:1 ratio oftidal prism volume to river volume (Grange et al. in 

press). The mean spring tidal range along the Eastern Cape coast is 1. 6 m and the Kariega Estuary 

may therefore be classified as being microtidal. Even without a strong freshwater input, scouring 

by tidal currents is sufficient to maintain a permanent connection with the sea. 
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Figure 1.1 Map of the Kariega Estuary indicating the system's position on the South African 

coastline as well as the three salt marshes covered in this study. 
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With a strong marine influence and negligible freshwater input, the salinity is normally uniformly 

marine (35) along the entire estuary. The system has a low turbidity(< 10 NTU) and is well mixed 

with almost no salinity or thermal stratification of the water column at any stage of the tidal cycle 

(Grange & Allanson 1995). As a consequence of the low riverine input into the Kariega Estuary 

and the resulting poor nutrient status of the system (Allanson & Read 1995, Grange & All anson 

1995), the phytoplankton stocks are low and the water column can be regarded as being 

oligotrophic. The low turbidity and marine dominance of the system has however resulted in 

eelgrass beds (Zostera capensis) occurring along the entire length of the estuary. This decrease 

in phytoplankton standing stocks and an increased dominance of aquatic macrophytes is a 

characteristic ofEastern Cape estuaries which have had long-term reductions in freshwater inputs 

(Adams & Talbot 1992). Z. capensis occurs mostly as a littoral band just above and below the 

low-water spring tide level and the mean width of the beds varies from 5.2 min the lower reaches 

to 3.3 min the upper reaches (Ter Morshuizen & Whitfield 1994). 

Plate 1.1 Aerial photograph of the lower reaches of the Kariega Estuary showing the open 

connection with the sea and the clarity of the water which is indicative of the strong marine 

influence on the system. 
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KARIEGA SALT MARSHES 

Salt marshes in the Kariega Estuary occupy approximately 24% of the surface area of the estuary 

(Taylor 1987), with salt marsh vegetation occurring as a narrow intertidal band along the entire 

length of the estuary. Distinct salt marsh embayments are generally found in the middle reaches 

of the estuary where alluvial sediments have been deposited between hillocks juxtapositioned 

against the estuary channel (Taylor 1987). The three salt marshes which were studied, Taylor's 

(Plate 1.2), Grant's (Plate 1.3) and Galpin's (Plate 1.4), are all found in the middle to lower 

reaches of the estuary (Figure 1.1 ). Only Taylor' s salt marsh is described in this introductory 

chapter and descriptions of the other two marshes can be found in the comparative salt marsh 

section (Chapter 5). 

Taylor's salt marsh (Figure 1.1) is a small intertidal marsh located 5 km from the estuary mouth 

and is situated between 0.5 and 1.8 metres above mean sealevel (Taylor 1987). The marsh system 

has well differentiated marsh and tidal creek regions (Plate 1.2) and is dominated in the lower 

reaches by a single branched unvegetated intertidal creek (2608 m2
) . At spring high tide the creek 

is 25 m wide and approximately 1.2 m deep at its junction with the estuary, and drains the whole 

marsh at low tide (Taylor 1987). During neap high tides estuarine water is usually confined to the 

tidal creek but at higher tides the elevated, more extensive salt marsh flats may be inundated 

(Taylor 1987). In general the tidal water is confined to the creek during almost half of all high 

tides and the level of marsh inundation varies according to the interactions between the semi-lunar 

tidal cycles and changes in daily mean sea level (Taylor 1987, Taylor & Allanson 1995). Even 

when tides reach the average maximum tide elevation (1.0 m above MSL) only very small areas 

of the vegetated marsh flats are inundated (Taylor & Allanson 1995). This low level of inundation 

means that the vegetated marsh flats are exposed during most high tides and for the entire period 

between high tides (Taylor & Allanson 1995). When low elevation neap high tides coincide with 

depressed daily mean sea levels, tidal water fails to enter the intertidal creek (Taylor & Allanson 

1995). The upper marsh is characterized by a number of high marsh pools that are flooded only 

during exceptionally high spring tides. Thirteen macrophyte species have been recorded on the 

salt marsh with the dominant species being the high marsh plants Sarcocornia perennis and 

Chenolea diffusa (Taylor 1987). The common salt marsh grass Spartina maritima is only found 

in the lower reaches of the marsh (Taylor 1987). 
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Plate 1.2 Aerial photograph of Taylor' s salt marsh indicating the intertidal creek (C) and salt 

marsh flats (F). 

Plate 1.3 Aerial photograph of Grant's salt marsh indicating the intertidal creek (C) and salt 

marsh flats (F). 
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Plate 1.4 Aerial photograph of Galpin's intertidal salt marsh creek (C), adjacent eelgrass beds 

(E) and bay (B). 
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Chapter 2 

The fishes associated with Taylor's 
intertidal salt marsh creek 



2.1 INTRODUCTION 

Research into the functioning of salt marshes in South African estuaries has been limited to a few 

studies (Day 1967, Pierce 1983, Taylor 1992, Baird & Winter 1992, Heymans & Baird 1995, 

Taylor & Allanson 1995) with a paucity of information being available on the faunal utilization 

of these habitats. South African ichthyofaunal research in the intertidal regions of estuaries has 

concentrated on the nursery role of submerged aquatic vegetation, in particular the eelgrass 

Zostera capensis (Beckley 1983, Hanekom & Baird 1984, Whitfield eta/. 1989, Ter Morshuizen 

& Whitfield 1994). No published information (except papers already published from this thesis) 

pertaining to fish utilization of South African salt marshes or their intertidal creeks is currently 

available. 

International research on ichthyofaunal utilization of salt marsh systems has occurred at two 

levels, namely the individual species and community level. Numerous studies at the species level 

have been published, encompassing facets such as reproduction, feeding, growth and trophic 

interactions (Lotrich 1975, Knieb & Stiven 1978, Byrne 1978, Reis & Dean 1981, Weisberg et 

al. 1981, Currin et al. 1984, Weinstein et al. 1984, Lipcius & Subrahmanyam 1986, Allen et al. 

1995). Research at the community level has ranged from general surveys (Cain & Dean 1976, 

Shenker & Dean 1979, Bozeman & Dean 1980, Hackney & de la Cruz 1981, Smith et al. 1984, 

Chamberlain & Barnhart 1993) to specific studies examining microhabitat, diel, tidal, freshwater 

and marsh structural influences on the ichthyofauna utilizing tidal salt and freshwater marsh 

systems (Baltz et al. 1993, Knieb & Wagner 1994, Rogers et al. 1984, Rountree & Able 1993, 

Rozas & Odum 1987a,b). A number of studies have also examined the role of salt marshes in 

estuaries in comparison to other vegetated and unvegetated intertidal habitats (Thayer et al. 1978, 

Weinstein & Brooks 1983, Sogard & Able 1991). Collectively this research has shown that salt 

marshes and their intertidal creeks are important nursery areas for certain marine and estuarine 

fishes, thus contributing significantly to the functioning of estuaries. 

This chapter endeavours to provide the first baseline information on the fishes that utilize a South 

African intertidal salt marsh creek. The specific aims of this chapter are: 

( 1) To determine the abundance and diversity of fishes found in an intertidal salt marsh creek. 

(2) To examine the community structure of the ichthyofauna. 
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(3) To determine any temporal changes in the fish assemblage. 

( 4) To compare the standing stock and density of fishes found in the intertidal salt marsh 

creek with reported values for other estuarine habitats. 

2.2 MATERIALS AND METHODS 

FIELD SAMPLING 

Different salt marsh creek studies have utilized an array of gear types, ranging from the traditional 

active techniques e. g. seine netting (Weinstein 1979, Subrahmanyam & Coultas 1980) to the more 

passive approaches e.g. block netting (Shenker & Dean 1979) or even a combination of the two 

(Roun.tree & Able 1993). The unsuitability, due to varying topography and high water clarity, of 

Taylor's intertidal salt marsh creek (also referred to as Taylor's creek) to sub-sampling techniques 

such as seine netting, lift traps and drop samplers resulted in a block net method being used. This 

technique, which negates the need for sub-sampling as all the fish are sampled, avoids problems 

faced by other procedures such as size and species selectivity, net avoidance and variable towing 

speeds. Taylor' s creek (Figure 2.1) is ideally suited to block netting as it has only one opening and 

drains fully at low tide. A 30m long, 2.5 m deep block net (2.5 mm stretch mesh) with a weighted 

bottom line and a floating top line was pulled quickly across the opening of the intertidal creek 

at the height of the flood tide. Once across the mouth of the intertidal creek, the bottom line was 

pegged securely into the mud substratum so as to prevent the tide from lifting the net off the 

bottom while the creek drained. Wooden poles were then driven into the mud just behind the 

block net and the headline was suspended over these poles, raising the net to a minimum of 50 em 

above the water surface. This prevented fish from jumping over the net, as recorded by Cain and 

Dean (1976). As the intertidal creek drained over the ebb tide, the fishes moved down towards 

the block net and were netted with the aid of small seine and hand nets. Many of the larger and 

more easily identifiable fish species were counted and measured (SL) on site and released 

unharmed into the estuary. 
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Figure 2.1 Map of Taylor's intertidal salt marsh creek (including Spartina maritima beds) 

indicating water chemistry sampling sites and position of fixed marker. 
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Selected physical and chemical parameters were recorded on the high tide at five fixed stations 

(Figure 2. 1). Water temperature COC) was measured in situ while water samples were taken so that 

salinity and turbidity (NTU) could be measured in the laboratory using an optical salinometer 

(Reichert 1 0419) and turbidimeter (Hach Model21 OOA). Tide height (em) was measured against 

a fixed marker in the creek (Figure 2.1) from which the average channel depth was calculated. 

SAMPLING PERIODICITY 

Two samples were taken per season in Taylor's intertidal salt marsh creek from winter 1992 to 

autumn 1994. As other studies (Shenker & Dean 1979, Reis & Dean 1981, Rountree & Able 

1993) have reported diel variations in the fish utilization of marshes, one sample was taken at 

dawn and the other at dusk, one month apart. Sampling occurred over the same tidal phase in 

order to standardise as many physico-chemical parameters as possible. Large extractive samples 

have been shown to have a great effect on the local fish community structure associated with salt 

marshes, particularly on the more resident species which generally have small, relatively fixed 

populations and exchange between adjacent areas may be minimal (Cain & Dean 1976). The 

sampling interval would have ameliorated any change in community structure and maintained the 

integrity of future samples. Since the greatest inundation occurred during the spring tide cycle, 

which has its high tides in the late afternoon and early morning, a dawn-dusk sampling regime was 

adopted. 

SAMPLE ANALYSIS 

In the laboratory all the fishes were counted and identified to species level where possible. Mullet 

< 20 mm (SL) were recorded as Mugilidae. Standard lengths (SL) were measured to the nearest 

mm for all species. Sub-sampling for length data was employed when there were more than 100 

individuals of a given species (Table 2.1). The total preserved wet mass of each species was 

measured to the nearest 0.1 g by weighing all the representatives ofthat species. The mass of any 

released individuals was calculated using the species length/weight relationship given in Harrison 

and Whitfield (1995). All the fishes were fixed in 10% formalin and preserved in 60% propyl 

alcohol. 
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Table 2.1 Abundance, size and life-history stages of the twenty-five most commonly caught taxa 

in Taylor's intertidal salt marsh creek (July 1992- May 1994). 

Taxa Number captured Number Average Standard Min/Max Life stages 

measured length deviation (mm) present 

mm 

Mugilidae ( < 20 rom SL) 20462 2806 14.5 5.4 4-20 Juveniles 

Liza dumerilii 15180 3439 43.5 31.8 20-232 Juveniles 

Gi/christel/a aestuaria 7990 1147 29.4 4.3 7-47 Juveniles/Adults 

Mugil cephalus 7567 3011 23.1 4.5 20-64 Juveniles 

Diplodus sargus capensis 3639 455 12.5 9.4 4-51 Juveniles 

Atherina breviceps 2323 1090 35.1 9.4 10-65 Juveniles/ Adults 

Psammogobius knysnaensis 2057 1310 25.7 7.4 10-73 Juveniles/Adults 

Rhabdosargus holubi 1402 1319 23.4 19.3 7-161 Juveniles 

Liza tricuspidens 840 611 33.1 8.2 20-122 Juveniles 

Rhabdosargus globiceps 461 117 11.7 1.2 8-16 Juveniles 

Pomadasys commersonnii 386 272 48.5 53.9 18-196 Juveniles 

Glossogobius callidus 348 348 27.9 7.0 10-63 Juveniles/Adults 

Terapon jarbua 345 342 21.7 7.6 6-45 Juveniles 

Myxus capensis 148 139 26.7 28.0 20-265 Juveniles 

Caffrogobius natalensis 125 125 39.8 15.2 7-93 Juveniles/Adults 

Pomadasys olivaceum 64 64 59.5 13.2 23-94 Juveniles 

Monodactylus falciformis 62 62 21.3 5.2 9-36 Juveniles 

Caffrogobius gilch1isti 60 60 38.2 18.4 12-93 Juveniles/ Adults 

Liza richardsonii 51 51 169.4 89.7 25-305 Juveniles/Adults 

Solea b/eekeri 49 49 27.6 10.8 15-65 Juveniles 

Sarpa salpa 42 42 13.5 3.1 9-22 Juveniles 

Caffrogobius nudiceps 27 27 38.2 10.7 27-80 Juveniles/ Adults 

Lithognathus lithognathus 25 25 23.3 8.4 10-32 Juveniles 

Oreochromis mossambicus 16 16 26 6.1 18-41 Juveniles 

Crenimugil crenilabis 12 12 28.1 6.4 20-38 Juveniles 
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Biomass, density, abundance and standing stock: The total composition, both by number and 

by mass, was calculated for each species for every sampling occasion. Fish density and standing 

stock were calculated by dividing the total mass and number respectively by the area of the salt 

marsh creek. The ichthyofauna caught in this study were regarded as being from the creek since 

very few fishes were found to venture over the vegetated salt marsh flats and the period of tidal 

inundation of these salt marsh flats was short (Chapter 3). SpeannanRank correlation tests were 

calculated for the total number and mass of fishes in the salt marsh creek, as well as for the fifteen 

numerically dominant species, against all the abiotic variables measured. 

Ichthyofaunal composition: The dominant ichthyofauna utilizing the salt marsh creek was 

determined as follows. All samples were pooled and the total abundance, mass and percentage 

frequency of occurrence of each species were ranked. The sum of these three values was then 

ranked to establish which taxa were the most dominant. The estuarine association categories 

assigned to each species (Table 2.2) conform to those of Whitfield (1994b) and the percentage, 

both in terms of abundance and biomass, that each estuarine association category made to the 

total ichthyofauna was calculated. The size at which the different fish species were found to be 

utilizing the salt marsh creek was determined by the construction oflength frequency histograms 

for selected species. 

Seasonality: In all seasonal analyses the dawn and dusk samples were pooled for each season. 

Total fish abundance and biomass as well as the abundance of certain species were calculated for 

each season. The Margalef s species richness index (D), Shannon-Wiener species diversity index 

(H') and Pielou's evenness index (J') were all calculated on a seasonal basis using confirmed 

species only (Washington 1984). 

2.3 RESULTS 

PHYSICO-CHEMICAL PARAMETERS 

The innundation of Taylor's intertidal salt marsh creek varied between six and nine hours. The 

water temperature averaged 18.2°C (SD=3 .6°C) and ranged from 14°C to 25 .5°C. (Figure 2.2). 

There was a significant seasonal difference in water temperatures (ANOVA df-=7, F=18.25, 

P<0.001) but no significant difference in water temperatures between sites (ANOVA df=4, 
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Table 2.2 The five categories of fishes in southern African estuaries (modified from Whitfield 

1994b). 

Group 

Estuarine 

Euryhaline 

Marine 

Marine 

stragglers 

Freshwater 

Catadromous 

Categories 

1 

2 

3 

4 

5 

Description of categories 

Estuarine species which breed in southern Afiican estuaries. 

Further subdivided into: 

la. Resident species which have not been recorded spawning in the 

marine or freshwater environment. 

1 b. Resident species which also have marine or freshwater breeding 

populations. 

Euryhaline marine species which usually breed at sea with juveniles 

showing varying degrees of dependence on southern Afiican estuaries. 

Further subdivided into: 

2a. Juveniles dependent on estuaries as nursery areas. 

2b. Juveniles occur mainly in estuaries but are also found at sea. 

2c. Juveniles occur in estuaries but are usually more abundant at sea. 

Marine species which occur in estuaries in small numbers but are not 

dependent on these systems. 

Euryhaline freshwater species whose penetration into estuaries is 

determined primarily by salinity tolerance. Includes some species which 

may breed in both freshwater and estuarine systems. 

Catadromous species which utilize estuaries as transit routes between the 

marine and freshwater environments but may also occupy estuaries. 

Further subdivided into: 

Sa. Obligate catadromous species which require a freshwater phase in 

their development. 

5b. Facultative catadromous species which do not require a freshwater 

phase in their development. 

(Group 2 Euryhaline Marine hereafter referred to as Marine) 
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F=0.09, P=0.99). Water temperatures showed a clear seasonal trend with highest temperatures 

in summer and lowest in winter (Figure 2.2). The channel water depth varied between 37 em and 

64 em (Mean=51.6, SD=7.6) (Figure 2.2). Salinity averaged 34.7 (SD=0.8) and ranged between 

32 and 35. Salinity differed significantly seasonally (ANOVA df=7, F=3.53, P<0.005) but not 

significantly between sites (ANOVA df=4, F=0.28, P=0.89). Although statistically significant 

differences in salinity occurred between seasons, only November 1992 and May 1994 showed any 

marked changes and no seasonal trends were visible (Figure 2.3). Turbidity ranged between 5.6 

and 16.8 NTU (Mean=10.2, SD=4.3). Significant differences were found in turbidity between 

seasons (ANOVA df=7, F=6.62, P<0.001) but not between sites (ANOVA df=4, F=0.70, 

P=0.59). There were no seasonal trends in turbidity. 

TOTAL BIOMASS, DENSITY, ABUNDANCE AND STANDING STOCK 

A total of 63 726 individuals were collected between July 1992 and May 1994 with a total 

biomass of 101.3 kg. The average number of fishes found in the salt marsh creek was 3 982 

(SD=2 067) ranging from 494 to 7 080 individuals. Fish density ranged from 1. 8- 27.1 individuals 

10m"2 with an average of 15.1 10m"2 (SD=8.0). There was no significant correlation between total 

ichthyofaunal or individual species abundance and water temperature, depth, salinity or turbidity. 

The average ichthyofaunal biomass in the salt marsh creek was 6.3 kg (SD=6.5) and ranged from 

1.1 kg to 22.6 kg. There were modest positive correlations (Fowler & Cohen 1993) between total 

biomass and water temperature (r5=0.54, P=0.03) as well as total biomass and depth (r9=0.45, 

P=O. 08). There was no correlation between total or individual species biomass and either turbidity 

or salinity. The ichthyofaunal standing stock in the salt marsh creek ranged between 4 g 1 om·2 

and 86 g 10m"2 with an average of24 g 10m"2 (SD=25). 

ICHTHYOFAUNAL COMPOSITION 

The ichthyofaunal community found in the salt marsh creek consisted of 24 families and 41 

confirmed species. Using Whitfield's (1994b) estuary association categorization (Table 2.2), the 

ichthyofaunal assemblage was dominated in both numbers (52%) and biomass (87%) by 
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Figure 2.2 Temporal patterns of water temperature and mean channel depth in Taylor's intertidal 

salt marsh creek. No significant differences in water temperature were found between the water 

chemistry sampling sites during each sampling occasion. 
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Figure 2.3 Temporal patterns of turbidity and salinity in Taylor' s intertidal salt marsh creek. No 

significant differences in water salinity or turbidity were found between the water chemistry 

sampling sites during each sampling occasion. 
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euryhaline marine species (Figure 2.4). Estuarine species were also well represented but were 

more important in terms of numbers (30%) than mass (5%). Facultative catadromous species 

comprised 17% of the numbers and 7% of the biomass. Both euryhaline freshwater species and 

marine stragglers were poorly represented and contributed <1% of the total numbers or mass 

(Figure 2.4). A similar pattern of marine and estuarine fish dominance was also observed in the 

number of species in each group, with the euryhaline marine species being the most dominant 

(Figure 2.4). Of the remaining three groups, the marine stragglers were the best represented with 

15% of the total species found in the salt marsh creek. Very few freshwater and catadromous 

species were found to frequent the salt marsh creek. 

The overwhelming majority of fishes captured were juveniles (Table 2.1 ). Those species with 

mature individuals were predominantly fishes known to breed in estuaries, e.g. Gilchristella 

aestuaria and Psammogobius knysnaensis (Figure 2.5). The only non-estuarine fish with adult 

populations was Liza richardsonii. 

The five species ranked highest overall were, in order of dominance, L. dumerilii, Mugil cephalus, 

Rhabdosargus holubi, G. aestuaria and Atherina breviceps (Table 2.3). The top seven species 

ranked numerically (Table 2.1) contributed 93% of the total numbers of confirmed species. The 

dominant species L. dumerilii constituted 68% of the total mass and 24% of the total numbers. 

Mugilidae (< 20 mm SL) were a very important group as they comprised 32% ofthe total number 

of fishes sampled but only 1. 5% of the total mass. 

Table 2.3 Summary statistics for all fish species and taxa sampled in Taylor's intertidal salt marsh 

creek for the period July 1992- May 1994 (Group=Estuarine association group, Table 2.2). 

Taxa Group Number of Mass of fish (g) Frequency of Overall 

fish (n) occurrence rank 

Total Rank Total Rank % Rank 
Liza dumerilii 2b 15180 2 69489.1 I 100 I I 

Mugilidae ( < 20 mm) - 20462 I 1592.5 7 100 I 2 

Mugil cephalus 5b 7567 4 6126.5 3 87.5 7 3 

Rhabdosargus holubi 2a 1402 8 3819.2 5 100 I 3 

Gilchristella aestuaria Ia 7990 3 2405.1 6 87.5 7 5 

A therina breviceps lb 2323 6 1499.1 8 93.8 4 6 

Pomadasys commersonnii 2a 386 11 4165.3 4 93.8 4 7 
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Table 2.3 continued 

Psammogobius knysnaensis 

Diplodus sargus capensis 

Llza tricuspidens 

Glossogobius ca/lidus 

Caffrogobius natalensis 

Liza richardsonii 

Myxus capensis 

Terapon jarbua 

Pomadasys olivaceum 

Caffrogobius gilchrisli 

Rhabdosargus globlceps 

So/eo bleekeri 

Monodactylusfalciformis 

Cajfrogobius nudiceps 

Diplodus cervinus 

Oreochromis mossambicus 

Lithognathus lithognathus 

Sarpasalpa 

C.-.nimugil crenilabis 

Clinus superciliosus 

Llchlaamia 

Elops machnata 

Syngnathus acus 

Ophisurus serpens 

Perlophthalmus sobrinus 

Gobiopsis pinto 

Pomatomus saltatrix 

I so natalensis 

A mbassis gymnocephalus 

Omobranchus woodi 

Arothron hispidus 

Saurlda gracilis 

Unidentified 

Sphyraenidae 

Monodactylus argenteus 

Lactoriafomasini 

Heteronrycteris capensis 

Eel larvae 

Tell"aodontidae 

Abudefdufsp. 

Ia 

2c 

2b 

lb 

lb 

2c 

5b 

2a 

3 

Jb 

2c 

2b 

2a 

Jb 

3 

4 

2a 

2c 

2c 

lb 

2a 

2a 

lb 

2c 

Ia 

3 

2c 

3 

1b 

Ia 

3 

3 

2a 

3 

2b 

2057 

3639 

840 

348 

125 

51 

148 

345 

64 

60 

461 

49 

62 

27 

7 

16 

25 

42 

12 

6 

3 

5 

3 

2 

2 

2 

2 

7 

5 

9 

12 

15 

19 

14 

13 

16 

18 

10 

20 

17 

22 

26 

24 

23 

21 

25 

27 

29 

28 

29 

31 

35 

35 

35 

31 

35 

31 

35 

35 

31 

35 

35 

35 

35 

35 

35 

35 

22 

659.8 

185.9 

784.0 

151.9 

249.2 

8553.7 

656.7 

156.8 

395.4 

133.0 

18.9 

26.0 

25.5 

37.5 

96.9 

13.2 

9.1 

1.7 

3.3 

2.1 

5.0 

0.6 

2.6 

3.4 

8.3 

4.9 

4.1 

0.7 

2.0 

0.1 

0.7 

0.7 

<0.1 

0.6 

0.6 

0.4 

0.4 

0.3 

0.3 

<0.1 

10 

14 

9 

16 

13 

2 

II 

15 

12 

17 

22 

20 

21 

19 

18 

23 

24 

34 

30 

32 

26 

38 

31 

29 

25 

27 

28 

35 

33 

45 

36 

36 

46 

39 

40 

41 

42 

43 

44 

46 

87.5 

68.8 

62.5 

93.8 

87.5 

56.3 

62.5 

68.8 

50 

43.8 

25 

56.3 

43.8 

43.8 

18.8 

18.8 

18.8 

38 

18.8 

18.8 

12.5 

25 

12.5 

12.5 

6.3 

6.3 

6.3 

6.3 

6.3 

12.5 

6.3 

6.3 

12.5 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

7 

II 

13 

4 

7 

15 

13 

II 

17 

18 

22 

15 

18 

18 

24 

24 

24 

21 

24 

24 

29 

22 

29 

29 

34 

34 

34 

34 

34 

29 

34 

34 

29 

34 

34 

34 

34 

34 

34 

34 

9 

10 

I I 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

23 

25 

26 

27 

28 

29 

30 

30 

32 

33 

34 

35 

36 

37 

37 

37 

40 

41 

42 

43 

44 

45 

46 

47 



Mass 

Marine 87% 

Others <1% 

Numbers 

Marine 52% 

Species 

Marine 46% 

q~C::t~~ Freshwater 3% 

Catadromous 5% 

Estuarine 31% Marine stragglers 15% 

Figure 2.4 Percentage contributions made by different estuarine associated fish groups (after 

Whitfield 1994b) to the ichthyofaunal community sampled in Taylor's intertidal salt marsh creek. 
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Figure 2.5 Length frequency distributions for two estuarine (G. aestuaria and P. knysnaensis) 

and two marine (L. dumerilii and R. holubi) fish species caught in Taylor's intertidal salt marsh 

creek (n=number offish measured). 
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The three most dominant families were the Mugilidae, Sparidae and Clupeidae. The Mugilidae (six 

species) were by far the most well represented family and comprised 70% of the total number and 

86% of the total mass ofichthyofauna. The Sparidae were also well represented with six species, 

but only contributed 9% and 4% to the total number and mass respectively. G. aestuaria was the 

only clupeid and contributed 13% to the total number but only 2% of the total mass. 

SEASONALITY 

The average number of fishes found in Taylor' s creek varied greatly between years, with twice 

as many fishes being caught in the first year (42 163) in comparison to the second (21 563). In 

year one, the variation in numbers between dawn and dusk samples was high but no trends were 

discernible. The average number was nonetheless relatively constant throughout the year (Figure 

2.6). Year two showed a more seasonal pattern, with higher utilization of the salt marsh creek in 

the warmer months (Figure 2.6). The low numbers in year two's winter assemblage can be 

attributed to a very poor recruitment ofMugil cephalus which were recorded in high numbers in 

the first year's winter sample. 

The mass of fishes in the intertidal salt marsh creek differed greatly between years (Figure 2.7). 

Seventy two percent of the overall biomass was caught in year one with only 28% being caught 

in year two. This dissimilarity was primarily due to schools oflarger mullet only utilizing the salt 

marsh creek in the spring and summer of year one. There was no discernible seasonal trend in the 

mass of fishes found during year two (Figure 2.7). 

The diversity indices (Figure 2. 8) showed distinct interannual differences and seasonal trends in 

the diversity and species richness of the ichthyofaunal community. Both the Margalef (D) and 

Shannon-Wiener (H') indices were far higher in year one than year two. In year one the Margalef 

index, which is indicative of species richness, was higher in spring, summer and autumn than in 

winter. In year two, the same pattern was not demonstrated and a marked decrease in species 

richness was found in summer. This decrease was probably due to a cold marine upwelling event 

in February 1994 which caused water temperatures in the salt marsh creek to decline to 17 °C. 
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Figure 2.6 The mean and range offish numbers (n) caught in Taylor's intertidal salt marsh creek. 
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Figure 2.7 The mean and range of total fish biomass (g) caught in Taylor's intertidal salt marsh 

creek. 
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The diversity index of Shannon-Weiner showed a similar pattern to that of the Margalef index in 

year one, with the highest diversity being found in the summer and considerably lower diversities 

recorded in both winter seasons. The seasonal trend in the diversity of fishes in year two was not 

as prominent as in year one, but there was a slight increase in diversity in spring and summer 

(Figure 2.8). The Pielou evenness index showed a slight seasonal trend, with evenness being 

lowest in the winter months. 
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Figure 2.8 Seasonal cycles of the species richness (Margalefindex), species diversity (Shannon 

Wiener index) and species evenness (Pielou index) of the ichthyofaunal community sampled from 

Taylor's intertidal salt marsh creek. 
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Although seasonal trends in total numbers of fishes were complicated by a high variability, several 

species and families showed distinct seasonal patterns in their abundance. The Mugilidae were by 

far the most important family and they dominated the ichthyofaunal assemblage in all seasons in 

both years except for spring 1992. Two species, the mugilid Liza dumerilii and sparid 

Rhabdosargus holubi, were ubiquitous whereas Atherina breviceps, Pomadasys commersonnii 

and Glossogobius callidus all had a frequency of occurrence of over 93% (Table 2.3). Though 

the natural variation displayed by fishes moving into the salt marsh creek is high, a number of 

species showed real seasonal trends in that they were repeated in both years (Figure 2.9). Most 

of the species which exhibited seasonal patterns showed an increase in numbers in the warmer 

months of spring, summer and autumn, followed. by a sharp decrease in winter (e.g. Liza 

tricuspidens, Glossogobius callidus, Caffrogobius natalensis, Po1J1adasys commersonnii and 

Psammogobius knysnaensis). Summer peaks were exhibited by L. tricuspidens, G. callidus and 

P. commersonnii, whereas P. knysnaensis peaked in autumn. The only species to show a decrease 

in summer abundance and have higher numbers in winter and spring was M cephalus (Figure 

2.9). 

2.4 DISCUSSION 

TOTAL BIOMASS, DENSITY, ABUNDANCE AND STANDING STOCK 

Taylor's intertidal salt marsh creek is frequented by a wide variety of fishes. However, this 

utilization in terms of density and standing stock is difficult to evaluate, both locally and 

internationally, in comparison to other salt marsh systems and estuarine habitats. The reasons for 

this are that there is a paucity of information on salt marshes in southern Africa, many 

international salt marsh studies are not sufficiently quantitative (Cain & Dean 1976, Shenker & 

Dean 1979, Bozeman & Dean 1980) and some investigations give values for only the dominant 

species and not the total ichthyofauna (Rogers et al. 1984, Rozas & Reed 1993). Despite these 

limitations, the density of fishes in Taylor's creek falls within the range of values reported for 

other estuarine habitats (Table 2.4). The density of fishes in salt marsh creeks from different 

systems varies greatly, from 8.3 individuals 1 om·2 (Rountree & Able 1993) to 520 individuals 

10m"2 (Sogard & Able 1991), with Taylor's creek (15 individuals 10m-2) having a relatively low 

fish density in comparison to other salt marsh channel habitats. This low density may be a function 
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Figure 2.9 The mean and range (numbers) of selected species sampled in Taylor's intertidal salt 

marsh creek. 
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of an impoverished overall estuarine ichthyofauna since the Kariega Estuary is a freshwater 

deprived system (Allanson & Read 1995). Research into the freshwater requirements of estuaries 

in the Eastern Cape has shown that estuaries with a strong axial salinity gradient and high 

freshwater input have better recruitment of euryhaline marine species and far higher fish densities 

than freshwater deprived systems (Whitfield 1994c, Whitfield eta/. 1994). Salt marsh creeks have 

been shown in comparative studies to support higher densities but lower diversity of fishes in 

comparison to other estuarine habitats (Weinstein & Brooks 1983, Sogard & Able 1991). Ter 

Morshuizen and Whitfield (1994) reported mean spring fish densities ofbetween 109 individuals 

10m-2 and 173 individuals 10m-2 for eelgrass beds in the Kariega Estuary. These densities are 

higher than those found in the intertidal salt marsh creek, which ranged between 6.4 individuals 

1om-2 and 23 individuals 1om-2 in the spring months. 

The standing stocks of :fishes found in Taylor's creek are comparable with most other estuarine 

habitats except for mangroves, which tend to have far higher standing stocks (Table 2.5). 

Mangrove habitats are known to function as both nursery and feeding areas for adult fishes 

(Morton 1990), whereas Taylor's creek was dominated almost entirely by juvenile fishes with 

schools of subadult mullet being sporadic visitors. 

ICHTHYOFAUNAL COMPOSITION 

An analysis of the estuarine association categories of the fish species recorded in Taylor's creek 

(Figure 2.4) shows that their relative percentages are very similar to those of South African 

estuaries as a whole (Whitfield 1994a, Whitfield 1994b). Consequently, Taylor's creek appears 

to be utilized by the entire cross-section of estuarine associated fish species. Numerically and 

gravimetrically the euryhaline marine category of fishes were the most dominant. This group of 

species is known to exhibit many eurytopic traits, e.g. mobility, a broad habitat tolerance range 

and large adult body size (Whitfield 1994d), which facilitates utilization of estuaries where 

environmental stress is pronounced and periods of stability are relatively short (Whitfield 1994d). 

Salt marshes and other intertidal habitats within this environment have marked daily fluctuations 

in many abiotic characteristics, hence the dominance ofthe ichthyofaunal community by eurytopic 

species is to be expected. In comparison, the estuarine group of species are generally more 

stenotopic in character, having a narrow habitat tolerance range, limited distribution, relatively 

30 



Table 2.4 A comparison of the fish density in Taylor's intertidal salt marsh creek with published 

values for other estuarine habitats. 

Sampling region Physical Sampling Density Reference 

environment method (no. 10m-2) 

Galveston Bay, USA Salt marsh creek Drop trap 170- 1530 Minello et a/. ( 1994) 

Little Egg Harbour-Great Salt marsh creek "Throw trap 520 Sogard &Able (1991) 

Bay, USA 

Alligator Creek, Australia Intertidal mangrove Seine net 313 Robertson & Duke 

creek (1990) 

Kariega Estuary, Eelgrass Fry seine 129 Ter Morshuizen & 

South Africa Whitfield (1994) 

Little Egg Harbour-Great Eelgrass Throw trap 90 Sogard & Able (1991) 

Bay, USA 

Everglades National Park, Mangrove Block net 80 Thayer et al. ( 1987) 

USA 

Little Egg Harbour-Great Salt marsh creek Weir 8-69 Rountree & Able 

Bay, USA (1993) 

Terrebonne-Tirnbalier Intertidal marsh Lift net 53 Rozas (1992b) 

Estuary, USA 

Little Egg Harbour-Great Macroalgae Throw trap 50 Sogard & Able ( 1991) 

Bay, USA 

St Johns River, USA Salt marsh creek Seine net 45 Carr & Giesel (1975) 

Humboldt Bay, USA Mitigation salt Drop trap 17 Chamberlain & 

marsh Barnhart (1993) 

Kariega Estuary, Intertidal salt marsh Block net 15 This study 

South Africa creek 

Botany Bay, Australia Mangrove creek Block net 9 Bell eta!. (1984) 

Galveston Island, USA Salt marsh creek and Drop trap 9 Zimmerman & Minello 

pans (1984) 

Peel-Harvey Estuary, Estuarine shallows Seine net 0.2-5 Loneragan eta/. ( 1986) 

Australia 

Moreton Bay, Australia Mangrove Block net 3 Morton (1990) 

Everglades National Park, Seagrass Trawl net 2 Thayer et al. (1987) 

USA 

Moreton Bay, Australia Estuary Seine net 2 Morton (1990) 

Humboldt Bay, USA Mitigation salt Seine net Chamberlain & 

marsh Barnhart (1993) 
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Table 2.5 A comparison of fish standing stock in Taylor's intertidal salt marsh creek with 

published values for other estuarine habitats. 

Sampling region Physical Sampling Standing Reference 

environment method stock (g 10m-2) 

Embley Estuary, Intertidal mudflats Stake net 706 Blaber eta/. (1989) 

Australia next to mangroves 

Alligator Creek, Intertidal mangrove Seine net 290 Robertson & Duke 

Australia creek (1990) 

Moreton Bay, Mangrove Block net 253 Morton (1990) 

Australia 

Embley Estuary, Open water Gill net 71- 161 Blaber et al. (1989) 

Australia 

Everglades National Mangrove Block net 150 Thayer eta/. (1987) 

Park, USA 

Swartvlei, Estuarine lake Lift and gill 124 Whitfield (1993) 

South Africa nets 

Embley Estuary, Mangrove creek Block net 82 Blaber eta/. (1989) 

Australia 

Botany Bay, Australia Mangrove creek Block net 64 Bell et al. (1984) 

Embley Estuary, Beaches Seine net 50 Blaber et al. (1989) 

Australia 

Peel-Harvey Estuary, Estuarine shallows Seine net 1-42 Loneragan 

Australia eta/. (1986) 

Moreton Bay, Estuary Seine net 29 Morton (1990) 

Australia 

Kariega Estuary, Intertidal salt marsh Block net 24 This study 

South Africa creek 

Newport River Salt marsh Block net 19 Hettler (1989) 

Estuary, USA 

Embley Estuary, Sea grass Beam trawl 5- 18 Blaber eta/. (1989) 

Australia 

Everglades National Seagrass Trawl 8 Thayer eta/. (1987) 

Park, USA 
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sedentary lifestyle and small adult body size (Whitfield 1994d). Some estuarine species such as 

Gilchristella aestuaria and Atherina breviceps do, however, exhibit a number of typically 

eurytopic traits (Whitfield 1994d) and as these species dominated the estuarine fish component 

of the community, the overall salt marsh creek ichthyofauna could be described as eurytopic. The 

low number of stenotopic species (e.g. Clinus superciliosus and Syngnathus acus) found in the 

intertidal salt marsh creek is most likely a function of the highly dynamic nature of the intertidal 

salt marsh compared to adjacent estuarine habitats. 

The overwhehning gravimetric dominance of the marine component of the ichthyofauna is mainly 

an effect of the small body size of species within the estuarine group. The low proportion of 

freshwater species found utilizing Taylor's creek is indicative of the marine conditions prevalent 

in the Kariega Estuary. During this study the upper reaches of the estuary were hypersaline (>3 5) 

for much of the time which would restrict the penetration of freshwater species into the estuary. 

Studies on salt marshes and their creeks have shown that migrant marine fishes may form an 

important component of the ichthyofauna (Cain & Dean 1976, Weinstein 1979, Bozeman & Dean 

1980, Rountree & Able 1993). Transient species recruiting from the sea and residing in salt 

marshes during their early life stages have been shown to form a conspicuous seasonal component 

of the marsh fauna and play an important role in the organization of marsh communities 

(Weinstein et al. 1980). Similarly, marine migrant fish species dominated the ichthyofaunal 

community associated with Taylor's creek (Figure 2.4). 

The majority of tidal marsh studies have shown that the ichthyofauna is dominated by only a few 

species (Cain & Dean 1976, Bozeman & Dean 1980, Weinstein eta!. 1980, Weinstein & Brooks 

1983, Smith et al. 1984). Taylor's creek was no exception, with the seven most numerically 

abundant species contributing >90% to the total ichthyofauna. The dominant species found in 

Taylor's creek (Table 2.3) were very similar to the dominant species found in the neighbouring 

Kowie and Great Fish estuaries (Whitfield et al. 1994). The species richness values (D) for 

Taylor's creek were comparable to those of Ter Morshuizen and Whitfield' s (1994) eelgrass 

study, but slightly lower than the values reported for seine netting in the Kowie and Great Fish 

estuaries (Whitfield et al. 1994). 
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One of the most striking characteristics of the ichthyofauna associated with Taylor's creek was 

the overwhelming dominance of the community by fishes in their early life-history stages. Very 

few of the species which were found in the salt marsh creek had adult components and the vast 

majority of the fishes were 0+ juveniles. Other studies have also shown the importance of salt 

marshes and their constituent intertidal habitats as nursery areas for fishes (Cain & Dean 1976, 

Weinstein 1979, Stout 1984, Hettler 1989, Rozas 1992a, Knieb 1997a,b, Mathieson eta/. in press 

a,b ). Two major factors affecting habitat selection in fishes are foraging profitability and predator 

avoidance (Mcivor & Odum 1988) and these two factors are examined in Chapter 7. The findings 

of this chapter do however indicate that very few of the common piscivorous fishes caught in the 

main estuary channel (Chapter 6) were recorded in Taylor's creek and this may be a factor as to 

why juvenile fishes utilize this habitat. 

SEASONALITY 

Interannual variation in total numbers, total mass, species richness and diversity of the fishes 

found in Taylor's creek was high. This variability may be attributed to the dominance of the 

ichthyofauna by marine migrants which show variability in both the timing of spawning and 

magnitude of recruitment into estuaries. This variability in the timing of spawning and consequent 

recruitment into estuaries is a function of the extended spawning seasons characteristic of many 

of the marine migrants (Wallace 1975). The fluctuations in the numbers oflarvae available for 

recruitment into the estuary may be a function of spawning success, ocean currents, upwellings, 

larval mortality and freshwater olfactory cues. It would appear that the interannual variation 

cannot be attributed to specific abiotic factors in the salt marsh creek, such as water temperature, 

turbidity, salinity and channel depth, as these parameters varied little between years. 

Previous salt marsh studies have all shown a degree of seasonality in their nektonic communities. 

Rountree and Able (1992) reported that although the timing of peak abundance can exhibit spatial 

and annual variation in a particular study, strong seasonal patterns are typical. Most studies show 

a peak in abundance and/or diversity in the spring, summer or autumn months with a decrease in 

winter (Subralunanyam & Coultas 1980, Hettler 1989, Rountree & Able 1992, Rozas & Reed 

1993). Cain and Dean (1976) reported that season had a highly significant effect on all indices and 

the number of species, but had no effect on the number of individuals caught. Taylor's creek 
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exhibited an increase in fish diversity in the warmer months but the abundance of fishes was highly 

variable between years, with the first showing no seasonal difference while the second exhibited 

a marked variation. Many of the dominant marine migrant species (e.g. Liza tricuspidens, 

Pomadasys commersonnii and Mugil cephalus) entered the salt marsh creek during periods 

corresponding to their peak recruitment periods into estuaries (Whitfield 1990, Whitfield & Kok 

1992). Overall, Taylor's creek appears to be occupied throughout the year with some species 

displaying distinct periods of utilization. 

Due to the extended spawning periods of many South African marine migrants, cohort analysis 

is difficult and trends in ontogenetic habitat use may consequently be masked. The size classes of 

M cephalus in the salt marsh creek did, however, indicate that after recruitment into the estuary 

the fiy utilized the salt marsh creek nursery area extensively, but as they grew their occupation 

of the salt marsh creek habitat decreased and individuals of >65 mm were not recorded. 

Ontogenetic shifts in habitat use within salt marshes, and between salt marshes and the estuary, 

have been documented (Weinstein & Brooks 1983, Baltz et al. 1993). 

In conclusion Taylor's intertidal salt marsh creek, when inundated, supports an ichthyofaunal 

community which is dominated by 0+ juvenile fishes and hence forms another nursery habitat 

which is available to the ichthyofauna found within the Kariega Estuary. The abundance and 

standing stock of fishes found in Taylor's creek falls within the range recorded for other estuarine 

habitats. However, further comparative research on other nursery areas in the Kariega Estuary 

is needed (Chapters 4 - 6) to establish the overall importance of salt marshes and their intertidal 

creeks to the estuary's ichthyofauna. The fish community was dominated by only a few species 

with the major group being marine migrants. The occupation of the creek was variable but some 

seasonal trends were apparent at the species level. Both the function of food and refuge in nursery 

habitat selection need to be examined (Chapters 7- 8) in order to fully comprehend the role that 

salt marshes and their creeks play in the Kariega Estuary. 
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Chapter 3 

The distribution of fishes within Taylor's 
salt marsh system 



3.1 INTRODUCTION 

Estuaries are highly variable and dynamic environments in which physico-chemical parameters 

such as temperature, salinity, turbidity, oxygen concentration and depth are variable on a temporal 

and spatial scale. Fishes found in estuaries have different life-history strategies and dependencies 

on these systems (Whitfield 1994b ), with marine fishes using estuaries as nursery areas also 

showing species specific temporal variations in their recruitment patterns (Whitfield & Kok 1992). 

Notwithstanding this variability in the physical attributes of the estuarine environment and the 

cyclical nature of estuarine-associated fish immigration and emigration, distinctive ichthyofaunal 

communities are associated with the different habitats (Weinstein & Brooks 1983, Sogard & Able 

1991, Connolly 1994a, Chapter 4) and reaches (Ter Morshuizen et al. 1996) within estuaries. 

Salt marshes comprise a number of different physiographic features (e.g. creeks, high marsh pools 

and vegetated marsh flats), with some of these features exhibiting a tidal zonation in vegetation 

type (Long & Mason 1983). The different habitats within salt marshes all have a range of physical 

characteristics or forces acting on them due to their varying elevations, vegetation, distance from 

creek and hydroperiod. Most North American tidal marsh ichthyofaunal research has been 

conducted on tidal creeks (Cain & Dean 1976, Bozeman & Dean 1980, Smith et al. 1984, 

Chamberlain & Barnhart 1993) and marsh flats (Knieb 1984, Hettler 1989, Rozas 1992b, Rozas 

& Reed 1993, Knieb & Wagner 1994, Minella & Webb 1997, Knieb 1997a,b). Limited research 

has been undertaken on the fishes associated with high marsh areas and salt marsh pools (Talbot 

& Able 1984, Gosselink 1984, Stout 1984, Smith & Able 1994). 

The exact criteria which influence fish habitat choice are unclear but are most likely a combination 

of the need for food and refuge. Research has shown that the distribution of fishes in tidal salt and 

freshwater marsh habitats is related to a number of physical factors such as stream order (Rozas 

& Odum 1987a, Hettler 1989); distance from creek (Minella et al. 1994, Peterson & Turner 

1994); submerged aquatic vegetation (Rozas & Odum 1987b); elevation, depth and hydroperiod 

(Knieb & Wagner 1994, Rozas 1995); point of entry (Rozas et al. 1988) and creek bank 

topography (Mcivor & Odum 1988), many of which affect the food availability or refuge function 

of the habitat, or both. 
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Understanding the distribution of fishes within a number of habitats in a single salt marsh system 

is demanding due to the myriad of interacting variables associated with biota comparisons on a 

wide spatial scale. In contrast to the large salt marsh systems in the USA, Taylor's salt marsh in 

the Kariega Estuary is small and thus has the advantage that many of the different physiographic 

features of the salt marsh are in close proximity to one another. This reduction in spatial scale 

affords the opportunity to examine fish distribution in all the different habitats at the same time. 

Temporal scale matching is of particular importance since the abundance oftidal salt marsh fauna 

has been shown to be highly variable (Varnell et a!. 1995). Research on the ichthyofauna 

associated with Taylor's salt marsh (Chapter 2) indicated that the salt marsh system was of 

importance to both marine and estuarine fish species. This study was, however, conducted using 

a block net which caught all the fishes that were in the salt marsh system over the slack high tide. 

Although giving an accurate indication of the fishes utilizing the system, it does not provide much 

information on the distribution of fishes in the different habitats within the salt marsh. 

In order to understand the importance of the different salt marsh habitats to fishes, a thorough 

understanding of the species distribution patterns and life-history stages found within the various 

habitats is required. Knowledge of fish distribution within salt marshes is a prerequisite when 

trying to assess the magnitude of energy transfers attributable to those species that frequent these 

systems (Chapters 7 & 8). Information on which marsh habitats are utilized by fishes is also 

imperative in the assessment and implementation of marsh mitigation and reconstruction efforts. 

This chapter endeavours to examine: 

1) Fish distribution throughout Taylor's intertidal salt marsh creek. 

2) Fish distribution within the different habitats within Taylor's salt marsh, viz. creek, 

Spartina maritima flats, Sarcocornia perennis flats, and high marsh pools. 
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3.2 MATERIALS AND METHODS 

This chapter is divided into two main sections, the first covering the distribution of fishes within 

Taylor's intertidal salt marsh creek (also referred to as Taylor's creek) and the second dealing 

with the distribution of fishes between the dominant habitats found on Taylor's salt marsh. 

SECTION 1-THEICHTHYOFAUNALDISTRIBUTIONWITHINTAYLOR'SINTERTIDAL 

SALT MARSH CREEK. 

Sampling regime: Samples were collected monthly in the different reaches ofTaylor' s creek from 

January to April 199 5, over the dawn full moon spring tide. The standardisation of sampling time 

was to ensure that the creek had similar levels of inundation on all sampling occasions, as the level 

of inundation and hydro period have been shown to be very important factors in regulating the 

manner in which nekton utilize intertidal marsh habitats (Rakocinski eta!. 1992, Rozas 1995). 

Due to an absolute sampling method being employed in this study, involving the removal oflarge 

numbers (proportional to the size of the estuary) of fishes from the system, a monthly sampling 

interval was necessary to ameliorate any localised depletion in fish numbers (see Materials & 

Methods, Chapter 2). 

Field sampling: The field sampling technique was identical to that discussed in Chapter 2 

(Paterson & Whitfield 1996), except that three block nets were used in separating the lower, 

middle and upper reaches of the creek (Figure 3.1) instead of just one at the creek mouth. At slack 

high tide the block nets (see Chapter 2 for net design and measurements) were simultaneously 

deployed across the creek at three points (Figure 3.1 ). Once in position, the weighted bottom line 

was securely pegged into the mud substratum and the top of the net was raised above the water 

surface with the aid of wooden poles. As the tide receded the fishes were collected at each net. 

Block nets were used in this study as they had been field tested and found to be effective in 

previous work on the Kariega Estuary salt marsh systems (Chapter 2). When comparing different 

reaches of a creek, block netting allows for all reaches to be simultaneously isolated from one 

another. This technique avoids cross contamination of samples in one reach while working on 

another. 
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Figure 3.1 Map of Taylor's salt marsh indicating the positions of the three block nets ( -----) 

dividing the lower, middle and upper reaches of the intertidal creek. 

Sample analysis: All the fishes were fixed in 10% formalin and preserved in 60% propyl alcohol. 

In the laboratory the fishes were counted and identified to species level where possible (mullet less 

than 20 mrn SL were recorded as Mugilidae). Standard lengths were measured to the nearest mm 

for all species. Sub-sampling for length data was employed when there were more than 100 

individuals of a given species. The total preserved wet mass of each species was measured to the 

nearest 0.1 g by weighing all the representatives of that species. 
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Physico-chemical sampling: During each sampling occasion three water samples were collected 

at fixed stations in the lower, middle and upper reaches of the creek. Temperature CCC) was 

measured in the field using a hand held thermometer, while turbidity (NTU) and salinity were 

measured in the laboratory using a turbidimeter and salinometer respectively. The depth of water 

at selected stations down the centre of the creek channel was recorded to the nearest centimetre 

immediately after the block nets were deployed. 

Data analysis: The density (number per 10m2
) and standing stock (grams perlO m2

) of fishes in 

each of the three creek reaches were calculated by dividing the number or mass of fishes caught 

in each of the reaches by the reach's surface area. To test for significant differences in the density 

and standing stock of fish in the different reaches, for the total ichthyofauna as well as the 

dominant species, a two-way ANOVA (time & reach) for single observations was used (Fowler 

& Cohen 1993). This technique is suitable for experimental designs with only single observations 

(absolute samples in this study). All the data was log10(x+0.5) transformed following Cochran's 

C test for heteroscedacity. A Tukey range test using a 95% confidence limit was conducted a 

posteriori if significant differences were found in the ANOV A 

Length frequency histograms were calculated for the four numerically dominant fish species 

recorded in the creek viz. Gilchristella aestuaria, Psammogobius knysnaensis, Liza dumerilii and 

Rhabdosargus holubi. 

A two-way ANOVA (time & reach) was calculated to test for significant differences between 

temperature, salinity, turbidity and depth between the different reaches and sampling periods. 

Prior to calculation of the ANOV A, a Cochran's C test was undertaken to test for 

heteroscedacity. A Tukey range test using a 95% confidence limit was conducted a posteriori if 

significant differences were found in the ANOV A 

Ordination and classification: The ichthyofaunal density data collected in the three reaches of 

Taylor's creek were root-root transformed. An association matrix was produced using the Bray

Curtis similarity measure, from which classification and ordination procedures were conducted. 

The similarity matrix was classified using hierarchical agglomerative clustering with group average 
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linking, while the ordination used multidimensional scaling (MDS) techniques (Clarke & Warwick 

1994). 

The environmental variables temperature, salinity, turbidity and depth were superimposed on an 

ordination produced by the creek fish community data. In Taylor's creek the depth and the 

distance from the creek mouth are inversely related and therefore only depth was considered since 

these variables would be difficult to disentangle (Clarke & Warwick 1994). This method was first 

proposed by Field eta!. (1982) and allows for a simple examination of which environmental 

parameters may be important in influencing the biotic groupings produced by multidimensional 

scaling techniques. 

SECTION 2 - THE ICHTHYOFAUNAL DISTRIBUTION WITIDN THE DOMINANT 

HABITATS OF TAYLOR'S SALT MARSH. 

Sampling regime: The sampling programme to investigate the distribution of fishes in the 

different salt marsh habitats viz. creek, Sarcocornia perennis flats, Spartina maritima flats and 

high marsh pools, was divided into two sections. The first study (2a) examined the distribution 

of fishes in all the above habitats from January 1993 to May 1994. This study was undertaken 

together with a general ichthyofaunal investigation of Taylor's salt marsh.(Chapter 2) and the 

sampling protocol and rationale behind it is covered in Chapter 2. A total of 12 sampling periods 

were covered, in which each habitat in the salt marsh was sampled over the same slack high tide. 

The second study (2b) was initiated in 1995 to look specifically at the Spartina maritima flats as 

this habitat had not been adequately sampled during the first study. A winter, summer sampling 

protocol was implemented for this investigation, with four consecutive full moon spring high tides 

being sampled in May, June, November and December 1995. 

Section 2a: Distribution of fishes in the creek, Spartina maritima flats, Sarcocornia perennis 

flats and high marsh pools. 

Field sampling: As with other estuarine studies which have examined the distribution of fishes 

in different habitats (Blaber eta!. 1989, Chong eta!. 1990), this study used a range of gear types. 

The methods selected were the most effective and therefore the most likely to produce realistic 

estimates of fish abundance and standing stock in each habitat. 
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On the slack high tide a block net was deployed across the mouth ofTaylor's creek (Figure 3.1). 

The weighted bottom line was then pegged into the mud substratum and the top rope suspended 

a minimum of 50 ern above the water surface with the use of wooden poles. As the tide receded 

the fishes were collected at the net and at low tide any remaining pools in the creek were seined 

(for further information see Materials & Methods, Chapter 2). 

Immediately after the block net was deployed, the Sarcocomia perennis flats and high marsh 

pools were sampled using a 5 rn long, 2.5 rn deep, 2.5 mm stretch mesh seine net. Depending on 

the level of inundation, between four and six sites were seined in the Sarcocomia perennis flats 

and between two and three sites were netted in the high marsh pools. Preliminary visual transects 

conducted in the Sarcocomia perennis flats, Spartina maritima flats and high marsh pools 

indicated that the fishes were scarce, patchily distributed and small in size. Seine nets were 

therefore used as they covered the large area needed to procure adequate samples. While 

enclosure techniques such as Rozas's (1992b) bottomless lift trap have been successfully used in 

vegetated marsh habitats, it was recommended that where fishes are patchily distributed and a 

larger sampling area is required, one should utilize other more appropriate techniques (Rozas 

1992b). Seine netting, as with all techniques, has certain limitations. In particular this method is 

known to under sample some benthic species (Weinstein & Davis 1980, Connolly 1994b) and 

pose difficulties when trying to accurately work out the sample area (Rozas & Minello 1997). 

Seine netting has proved to be a suitable technique in selected tidal creeks (Weinstein & Davis 

1980), especially where the sample surface is flat, as in the high marsh pools and Sarcocomia 

perennis flats. In order to counteract as much gear bias as possible, the seine net was made from 

the same netting as the block net and was fitted with a heavy bottom line. Visual observations 

while seining indicated that the bottom line was flush with the mud substratum and no larger fishes 

were observed avoiding the net. In addition to the seine netting a 0. 7 m2 circular throw trap was 

used in both the Sarcocornia perennis and Spartina maritima habitats with 10 samples being 

taken in each habitat. This technique did not however catch any fishes and after 140 samples it 

was discontinued. 

Sample analysis: The analysis of the ichthyofaunal samples follows that of the fish distribution 

study within the creek (Section 1 -Materials & Methods). 

42 



Data analysis: The density (number per 10m2
) and standing stock (grams per 10m2

) of fishes 

in the high marsh pools, Sarcocomia perennis flats and Spartina maritima flats were calculated 

by dividing the area sampled by the number and mass of fishes caught respectively. The density 

and standing stock of fishes in the creek was back-calculated by dividing the total number or mass 

of fishes caught in the block net minus the estimated number of fishes over the inundated flats by 

the total area of the intertidal creek. The non-parametric Wilcoxon test (samples paired on a 

seasonal basis) was used to see if there was a significant difference in both the density and 

standing stock of fishes found in the creek and high marsh pools, as well as the creek and 

Sarcocomia perennis flats (Fowler & Cohen 1993). 

Section 2b: Distribution of fishes in the Spartina maritima flats. 

Field sampling: The unsuitability of seining methods necessitated the use of a modified block 

netting method in the Spartina maritima habitat. Two suitable sample areas (56m2 and 28m2
) 

were identified within the Spartina maritima beds and stout wooden poles were driven into the 

mud substratum to demarcate these areas. Both sample areas stretched from the edge of the creek 

up the entire tidal profile. At low tide a bin containing a block net (identical to that used in the 

creek block netting- Section 1) was placed at the bottom of the sample area and ropes attached 

to the net were then laid along the edge of the poles demarcating the sample area. At slack high 

tide both ends of the net were simultaneously pulled out of the bin and along the poles, thus 

enclosing the sample area. The weighted bottom ropes of the net were securely pegged into the 

mud substratum and the float line was hung over the tops of the poles. As the tide receded the 

fishes moved out of the vegetated areas and into the lower sections of the net, where they were 

collected using small aquarium nets. 

Sample analysis: The analysis of the ichthyofaunal samples follows that of the fish distribution 

study within the creek (Section 1 - Materials & Methods). 

Data analysis: The density (number per 10m2
) and standing stock (grams per 10m2

) of fishes 

were calculated for the Spartina maritima flats. 
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3.3 RESULTS 

SECTION 1-THE ICHTHYOFAUNAL DISTRIBUTION WITIDNTAYLOR'S INTERTIDAL 

SALT MARSH CREEK. 

Physico-chemical parameters: The temperature, salinity and turbidity (Table 3.1) of the water 

in the creek was not significantly different between reaches but was significantly different (p<O. 01) 

between each sampling period (Table 3.2). The mean water temperature in the creek ranged 

between 14.2 and 19.8 °C while the mean turbidity ranged between 20 and 25 NTU. The salinity 

of the water was full sea water (35) except for the February sample when it dropped to 

approximately 33 (Table 3.1). 

Table 3.1 Physico-chemical water parameters for the three reaches of Taylor's intertidal salt 

marsh creek during the period January to April1994. 

Lower reach Middle reach Upper reach 

Mean SD Mean SD Mean SD 

January Temperature ec) 14.2 0.28 14.2 0.28 14.3 0.28 

Salinity 35.0 0.00 35.0 0.00 35.0 0.00 

Turbidity (NTU) 22.3 0.51 22.0 2.64 23.0 1.00 

Depth(cm) 71.1 4.30 61.8 1.93 50.8 4.07 

February Temperature ("C) 19.5 0.50 19.8 0.28 19.8 0.28 

Salinity 31.6 0.57 33.3 0.57 33.3 0.57 

Turbidity (NTU) 21.3 2.08 20.0 2.00 20.0 3.60 

Depth(cm) 60.1 4.30 50.8 1.93 39.8 4.07 

March Temperature CCC) 15.8 0.28 15.6 0.28 15.8 0.57 

Salinity 35.0 0.00 35.0 0.00 35.0 0.00 

Turbidity (NTU) 19.0 3.60 20.0 2.00 19.6 2.51 

Depth (em) 57.1 4.30 47.8 1.93 36.8 4 .07 

April Temperature CCC) 15.1 0.05 15.8 0.76 15.0 0.00 

Salinity 35.0 0.00 35.0 0.00 35.0 0.00 

Turbidity (NTU) 23.0 2.00 24.6 4.04 24.3 4 .16 

Depth(cm) 57.1 4.30 47.8 1.93 36.8 4.07 
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The depth of water within the creek was significantly different between the different reaches 

(p<O. 00 1) and between the sampling periods (p<O. 00 1). A Tukey multiple range analysis indicated 

that all three reaches had significantly different water depths, with the lower reach being the 

deepest and the upper reach the shallowest (Table 3 .2). 

Table 3.2 Results of ANOV A and Tukey range tests for temperature, salinity, turbidity and depth 

in the three reaches of Taylor's intertidal salt marsh creek, for the period January to April 1994. 

In the time range analysis 1 =January, 2=February, 3=March and 4=April. In the reach range 

analysis 1 =lower reach, 2=middle reach and 3=upper reach. In both range analyses * = significant 

difference at the 95% confidence level. 

Time Reach 

(Df=3) (Df=2) 

Temperature ('C) p < 0.0001 p = 0.4028 

F= 344.88 F= 0.98 

Salinity p < 0.0001 p = 0.7198 

F = 65.33 F= 0.33 

Turbidity (NTU) p = 0.0096 p = 0.9534 

F = 4.76 F = 0.09 

Depth (em) p < 0.0001 p < 0.0001 

F= 102.37 F = 318.55 

Interactions 

(timex reach) 

p == 0.2691 

F = 1.36 

p = 0.9126 

F = 0.33 

p = 0.9611 

F == 0.23 

p = 1.0000 

F== 0.00 

Range analysis 

Time 

1 - 2'; 1 - 3*; 

1-4';2-3'; 

2 - 4*; 3-4 

1 - 2'; 1 - 3; 

1 - 4; 2- 3'; 

2- 4'; 3-4 

1 - 2; 1 - 3; 

1- 4; 2- 3; 

2-4;3-4* 

1 - 2'; 1 - 3'; 

1 - 4'; 2- 3'; 

2- 4'; 3 - 4 

Range analysis 

Reach 

1 - 2'; 1 - 3'; 

2- 3' 

Density and standing stock: A total of32 984 individuals were caught in Taylor's creek during 

this study. The density of fishes did not differ significantly (Table 3.3) between reaches (p=0.233) 

or between sampling periods (p=0.440). The highest density was recorded in the middle reaches 

(47.7 fishes per 10m2
) and the lowest in the upper reaches (23.6 fishes per 10m2

) (Table 3.4). 

Of the dominant taxa the Mugilidae ( < 20 mm), Gilchristella aestuaria, Psammogobius 

knysnaensis andRhabdosargus holubi all showed significant differences in their densities between 
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the different sampling periods, with the January sample tending to be different from the other 

sample months (Table 3 .3). The densities ofLiza dumerilii, G. aestuaria andR holubi all showed 

significant differences (Table 3.3) between the different reaches. 

There was a clear relationship between fish density and intertidal habitat affinities (See Chapter 

4). Those fish species which were found to be common in the adjacent eelgrass beds (Chapter 4) 

all had their highest densities in the lower and middle reaches of the creek (Table 3.4). Some of 

these eelgrass-associated species (e.g. C. natalensis and C. nudiceps) were not recorded in the 

upper reaches of the creek (Table 3.4). In contrast, creek-associated species (Chapter 4) either 

had a uniform distribution or their highest densities in the middle or upper reaches of the creek 

(Table 3.4). 

The total mass of fishes caught in Taylor's creek during the study was 3 7 719 g. The total 

standing stock of fishes was not significantly different between sampling periods (p=0.054) but 

did differ significantly between reaches (p=0.005) (Table 3.3). The fish standing stock was an 

order of magnitude higher in the middle reaches ( 119.8 g per 1 0 m2
) than in the lower ( 13.5 g per 

10m2
) and upper reaches (4.9 g per 10m2

) of the creek (Table 3.5). Amongst the dominant fish 

species, Liza dumerilii and Rhabdosargus holubi both showed a significant difference in their 

standing stocks in the different creek reaches (Table 3.3), with the upper reaches having a 

significantly lower standing stock than the lower or middle reaches (Table 3.5). As with the 

density comparison, the standing stocks ofMugilidae ( < 20 mm), G. aestuaria and P. knysnaensis 

all showed a significant difference over time (Table 3 .3). The eelgrass-associated fish species 

(Table 3.5) had their highest standing stocks in the lower to middle reaches, while the standing 

stocks of the creek-associated species were highest in the middle or upper reaches of the creek 

(Table 3.5). 

Composition: The overall numerical composition of the ichthyofauna caught in Taylor's creek 

during this study was very similar to that caught in previous years (Chapter 2). The dominant taxa 

were the Mugilidae (< 20 mm)(52.9%), L. dumerilii (20%), G. aestuaria (10%), P. knysnaensis 

(10%), R. holubi (1.8%), L. tricuspidens (1.2%) andM cephalus (1.0%). 
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Table 3.3 Results of ANOV A and Tukey range tests on the density and standing stock of the 

dominant fish taxa caught in the three reaches of Taylor's intertidal salt marsh creek, for the 

period January to Aprill994. In the time range analysis 1 =January, 2=February, 3=March and 4 

=April. In the reach range analysis l=lower reach, 2=middle reach and 3=upper reach. In both 

range analyses * = significant difference at the 95% confidence level. 

Time 

(Df= 3) 

DENSITY 

Total ichthyofauna p = 0.440 

F ~ 1.03 

Mugilidae ( < 20 mm) p =0.045 

F ~ 4.97 

Liza dumerilii p=0.544 

F-4.58 

Gilchristella aestuaria p-0.009 

F = 9.88 

Psammogobius knysnaensis p = 0.018 

F=7.52 

Rhabdosargus holubi p = 0.024 

F = 6.65 

STANDING STOCK 

Total ichthyofauna p = 0.054 

F~4.54 

Liza dumerilii p z 0.118 

F = 2.97 

Rhabdosargus holubi p = O.l92 

F = 2.17 

Gi/christella aestuaria p = 0.033 

F= 5.77 

Psammogobius knysnaensis p = 0.025 

F = 6.59 

Mugil cephalus p = 0.199 

F = 2.13 

Mugilidae ( < 20 mm) p = 0.008 

F= 10.34 

Reach 

(Df= 2) 

p = 0.233 

F = 1.87 

p=0.670 

F= 0.43 

p = 0.014 

F = 23.78 

p = 0.040 

F = 5.15 

p=O.ll6 

F = 3.15 

p = 0.015 

F = 9.16 

p = 0.005 

F = 34.59 

p < 0.001 

F = 29.52 

p =0.042 

F = 5.62 

p = 0.060 

F = 4.51 

p = 0.040 

F = 5.67 

p = O.I46 

F=2.68 

p =0.605 

F = 0.54 
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Time range Reach range 

analysis analysis 

1- 2'; I- 3; 

I- 4; 2-3; 

2-4; 3-4 

1- 2'; I -3'; 

I -2; I -3'; 

2 -3' 

1-2; I -3' ; 

l - 4'; 2- 3; 2 - 3 

2 -4;3 -4 

I- 2; I • 3; 

I -4'; 2 -3; 

2-4'; 3-4 

I -2'; l -3'; 

1- 4; 2. 3; 

2-4; 3-4 

l-2; I- 3; 

l-4'; 2 - 3; 

2 - 4';3-4 

1- 2'; l -3'; 

1-4; 2 -3; 

2 - 4;3 - 4 

I -2; l -3'; 

2-3 

l - 2'; I - 3; 

2 -3' 

I -2'; I- 3; 

2 -3' 

1 - 2; I - 3'; 

2-3 



Table 3.4 Density, rank and percentage composition of the 15 dominant taxa sampled in the three reaches of Taylor's creek for the period January 

to April1994. Habitat associations were based on the densities of each species in the creek and adjacent eelgrass habitats (Chapter 4). 

Lower reach Middle reach Upper reach 

Taxa Density R Comp. Density R Comp. Density R Comp. Dominant reach Habitat 

No.10m·1 (:USE) (%) No.lom-1 (±lSE) (%) No.10m"1 (±lSE) (%) association 

Gilclzristella aestuaria 9.91 (8.70) 2 28.5 6.10 (5.80) 3 12.8 0.25 (0.26) 4 1.0 Lower I Middle Eelgrass 

Rlzabdosargus lzo/ubi 1.59 (0.69) 5 4.5 0.92 (0.47) 7 1.9 0.10 (0.08) 8 0.4 Lower I Middle Eelgrass 

Atlzerina breviceps 0.83 (0.40) 6 2.4 0.05 (0.03) 11 0.1 0.01 (0.007) 12 <0.1 Lower Eelgrass 

Glossogobius callidus 0.17 (0.05) 7 0.5 0.27 (0.12) 8 0.6 0.06 (0.04) 9 0.2 Middle I Lower Eelgrass 

Ca.ffrogobius natalensis 0.06 (0.02) 12 0.2 0.04 (0.007) 12 <0.1 Lower I Middle Eelgrass 

Ca.ffrogobius nudiceps 0.07 (0.02) 10 0.2 0.02 (0.008) 13 <0.1 Lower I Middle Eelgrass 

Pomadasys commersonnii 0.14 (0.06) 8 0.4 0.13 (0.05) 10 0.3 0.01 (0.006) 12 <0.1 Lower I Middle Marsh creek 

Mugilidae (< 20 rnm) 17.13 (11.30) 1 49.2 15.47 (6.10) 2 32.4 17.20 (6.25) 1 73.1 Even Marsh creek 

Liza dumerilii 2.00 (0.80) 4 5.7 17.04 (3.47) 1 35.6 2.75 (0.89) 2 11.7 Middle Marsh creek 

Psammogobius knysnaensis 2.55 (0.54) 3 7.3 5.35 (2.15) 4 11.2 2.50 (1.30) 3 10.6 Middle Marsh creek 

Liza tricuspidens 0.11 (0.09) 9 0.3 1.01 (0.56) 5 2.1 0.18 (0.06) 6 0.8 Middle Marsh creek 

Mugil cephalus 0.02 (0.01) 13 <0.1 0.96 (0.77) 6 2.0 0.13 (0.10) 7 0.5 Middle I Upper Marsh creek 

Oreoclzromis mossambicus 0.07 (0.05) 10 0.2 0.25 (0.19) 9 0.5 0.23 (0.10) 5 0.9 Middle I Upper -

Elops machnata <0.01 (0.005) 14 <0.1 0.04 (0.03) 10 0.2 Upper -
Monodactylus falciform is <0.01 (0.005) 14 <0.1 <0.01 (0.002) 14 <0.1 0.03 (0.03) 11 0.1 Upper -
Total ichthyofauna 34.77 (10.58) 47.66 (4.40) 23.55 (6.33) 

Other species: Ca.ffrogobius gilchn"sti, Myxus capensis, Solea b/eekeri, Lithognathus lithognathus, Diplodus sargus, Clinus superci/iosus, Heteromycteris capensis, Omobranchus woodi, 

Galeichthys feliceps, Terapon jarbua. 



Table 3.5 Standing stock, rank and percentage composition of the 15 dominant taxa sampled in the three reaches of Taylor's creek for the period 

January to Aprill994. Habitat associations were based on the densities of each species in the creek and adjacent eelgrass habitats (Chapter 4). 

Lower reach Middle reach Upper reach 

Taxa Standing stock R Comp. Standing stock R Comp. Standing stock R Comp. DomJrumt Habitat 

e:. tOm·' (± lSE) (%) e:. tOm·• (± lSE) (%) g.10m'1 (± lSEJ % reach association 

Gilchristella aestuaria 2.70 (2.07) 3 19.9 1.40 (1.29) 6 1.2 0.06 (0.04) 7 1.2 Lower I Middle Eelgrass 

Rhabdosargus holubi 3.06 (1.65) 2 22.6 1.62 (0.68) 4 1.4 0.02 (0.01) 9 0.4 Lower I Middle Eelgrass 

Atherina breviceps 0.55 (0.27) 5 4.1 0.04 (0.03) l3 <0.1 0.01 (0.004) 11 0.1 Lower Eelgrass 

Glossogobius callidus 0.12 (0.05) 11 0.9 0.10 (0.03) 12 0.1 O.Dl (0.01) 10 0.2 Lower I Middle Eelgrass 

Ca.!Jrogobius natalensis 0.32 (0.17) 7 2.3 0.13 (0.04) 11 0.1 Lower I Middle Eelgrass 

Caffrogobius nudiceps 0.09 (0.05) 12 0.6 0.03 (0.01) 14 <0.1 Lower I Middle Eelgrass 

Caffrogobius gilchristi 0.15 (0.15) 9 1.1 0.01 (0.004) 15 <0.1 Lower Eelgrass 

Pomadasys commersonnii 0. 18 (0.08) 8 1.3 0.16 (0. 10) 10 0.1 0.02 (0.01) 8 0.4 Lower I Middle Marsh creek 

Mugilidae (< 20 mm) 2.21 (0.87) 4 16.3 1.45 (0.49) 5 1.2 1.34 (0.42) 2 27.2 Even Mar.;h creek 

Liza dumerilii 3.54 (1.41) 1 26.1 109.02 (51.25) 1 91.0 2.45 (0.76) 1 49.6 Middle Marsh creek 

Psammogobius knysnaensis 0.41 (0.07) 6 3.0 1.09 (0.37) 7 0.9 0.51 (0.25) 3 10.2 Middle Mar.;h creek 

Liza tricuspidens 0.13 (0.10) 10 0.9 0.79 (0.25) 8 0.7 0.18 (0.06) 5 3.7 Middle Marsh creek 

Mugil cephalus 0.01 (0.004) 14 0.1 1.91 (1.18) 2 1.6 0.25 (0.23) 4 5.0 Middle I Upper Mar.;h creek 

Oreochromis mossambicus 0.02 (0.01) l3 0.2 0.18 (0.11) 9 0.1 0.08 (0.04) 6 1.7 Middle -

Galeichthys feliceps 1.83 (1.83) 3 1.5 Middle -

Total ichthyofauna 13.53 (2.77) 119.76 (52.06) 4.94 (0.79) 

Other spec1es: Lzthognathus lzthognathus, Solea bleeken, Elops machnata, Myxus capenszs, Clmus superciliosus, Diplodus sargus, Monodactylus falcifonnis, Heteromycteris capensis, 

Omobranchus woodi, Terapon jarbua. 



In all three reaches the Mugilidae (< 20 mm) were ranked either first or second in order of 

importance. G. aestuaria contributed significantly to the ichthyofaunal density in the lower (29%) 

and middle reaches (13%) while L. dumerilii was important in the middle (36%) and upper 

reaches ( 12%). The lower reaches had the highest proportion of eelgrass-associated fishes (3 6% ), 

with species such as G. aestuaria, R. holubi, A. breviceps, C. natalensis, and C. nudiceps being 

relatively common. The middle reaches were dominated by L. dumerilii, with other creek

associated species e.g . P. knysnaensis and L. tricuspidens also being important. Eelgrass

associated species (e.g. G. aestuaria and R. holubi) constituted 16% of the ichthyofauna of the 

middle reach and an insignificant proportion (2%) of the ichthyofauna in the upper reach, which 

was dominated almost entirely by mugilids. 

The overall gravimetric composition of the ichthyofauna caught in Taylor's creek was similar to 

that recorded in previous years (Chapter 2). The fish biomass was dominated by L. dumerilii 

(84%), followed by R holubi (2.6%), G. aestuaria (2.3%), P. knysnaensis (1.7%) and M 

cephalus ( 1. 7%). In all three reaches L. dumerilii was ranked by weight as the most important 

species, contributing over 90% of the fish standing stock in the middle reaches (Table 3. 5). In the 

lower reaches, eelgrass-associated species (e.g. G. aestuaria, R. holubi, A. breviceps) contributed 

52% towards the overall standing stock. In the middle and upper reaches the eelgrass-associated 

species comprised only 3% and 2% of the biomass respectively, with the standing stock of fishes 

being dominated by the mugilids. 

The length frequency histograms (Figures 3.2 and 3.3) of the four numerically dominant species 

(viz. L. dumerilii, R holubi, G. aestuaria and P. knysnaensis) indicate that there is considerable 

variation in the size of fishes utilizing the different reaches of the creek. The estuarine fish species 

(G. aestuaria and P. knysnaensis), which have a small adult body size, were found to have very 

similar average lengths and length distributions in each of the three reaches (Figure 3 .2). In 

comparison, the marine species (L. dumerilii and R holubi) showed marked differences in their 

average sizes in each of the reaches (Figure 3. 3 ), with the upper reaches being frequented only 

by small individuals ( < 40 mm). 
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Figure 3.2 Length (SL) frequencies (mm) of Gilchristella aestuaria and Psammogobius 

knysnaensis collected in the three reaches of Taylor's intertidal salt marsh creek for the period 

January to April 1994. 
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Figure 3.3 Length (SL) frequencies (mm) of Liza dumerilii and Rhabdosargus holubi collected 

in the three reaches of Taylor's intertidal salt marsh creek for the period January to April1994. 
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Classification and ordination: The dendrogram (Figure 3. 4) produced by hierarchical clustering 

indicated that at the 62% similarity level the January lower and middle reach samples formed a 

distinct group from the other samples. At the 69% similarity level, the dendrogram and :MDS plot 

exhibit a clear dichotomy in the larger grouping, with the upper reach fish assemblages from each 

sampling occasion forming a discrete cluster (Figures 3.4 and 3.5). 

The superimposition of average depths, salinities, temperatures and turbidities in the different 

reaches over the :MDS plot indicated that average depth was the only likely causal agent 

influencing the communities associated with the different reaches in Taylor's creek (Figure 3.5). 
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Figure 3.4 Dendrogram showing classification of 12 fish assemblages from the three reaches of 

Taylor's intertidal salt marsh creek. The classification used fish density data collected from 

January to April 1994. 
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Figure 3.5 a) Multidimensional scaling ordination plot of 12 fish assemblages from the three 

reaches of Taylor's intertidal salt marsh creek. The plot used fish density data collected from 

January to April 1994. b) Matching depth data superimposed on each data point of plot 3.5a. 

SECTION 2 - THE ICHTHYOFAUNAL DISTRIBUTION WITHIN THE DOMINANT 

HABITATS OF TAYLOR'S SALT MARSH. 

Section 2a- Distribution of fishes in the creek, Spartina maritima flats, Sarcocorniaperennis 

flats and high marsh pools. 

Density and standing stock: The density and standing stock of fishes over the slack high tide was 

significantly different between the four dominant habitats sampled in Taylor's salt marsh. The 

Sarcocornia per ennis flats had the lowest fish density (3 . 3 fishes per 10 m2
) and standing stock 

(0.6 g per 10m2
) of all four habitats and these values were significantly lower than those recorded 

in the creek (Density: Wilcoxon T=O, p<0.001; Standing stock: Wilcoxon T=O, p<0.001). The 

high marsh pools had a higher fish density (18.3 fishes per 10 m2
) than the intertidal creek (11. 7 

fishes per 10m2
) but this difference was not significant (Wilcoxon T=41, p >0.1). The standing 

stock of fishes in the high marsh pools (7. 5 g per 1 0 m2
) was significantly lower (Wilcoxon T=7, 

p<O. 0 1) than that recorded in the creek (21. 1 g per 1 0 m2
). 
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Composition: There was a substantial difference in the diversity of fishes in the three habitats. 

Both the Sarcocornia perennis flats (6 species; 3 families) and the high marsh pools (11 species; 

5 families) were utilized by comparatively fewer taxa in comparison to the intertidal creek habitat 

(3 9 species; 23 families). In terms of ichthyofaunal density and standing stock (Table 3. 6) the 

Sarcocornia perennis flats were dominated almost entirely by mugilids which comprised > 99% 

of the total fish density and standing stock. The high marsh pools were also dominated by mugilids 

which comprised over 96% of the total density and 95% of the standing stock, with L. dumerilii 

being the dominant species. Although the creek was also dominated numerically and 

gravimetrically by mugilids, significant contributions by other taxa (e. g. G. aestuaria, A. breviceps, 

P. knysnaensis and R holubi) were also recorded (Table 3.6). 

Table 3.6 Density, standing stock and their associated ranks and percentage compositions of the 

fish sampled in the Sarcocornia per ennis flats, high marsh pools and intertidal creek for the period 

January 1993 to May 1994. Group= Estuarine association group, Table 2.2. 

Taxa Group Density SE R % S. stock SE R 0/o 

(No. 10m·") (f 10m·") 

Sarcocorni4 flats 

Mugilidae (< 20 mm) 2.120 0.869 64.7 0.203 0.087 2 35.2 

Liza dumerilii 2b 1.112 0.733 2 33.9 0.362 0.220 63.0 

Myxus capensis 5b 0.021 0.014 3 0.7 0.004 0.003 3 0.7 

Mugil cephalus 5b 0.013 0.013 4 0.4 0.003 0.002 4 0.4 

Teraponjarbua 2a 0.005 0.003 5 0.1 <0.001 <0.001 7 <0.1 

Liza trlcuspidens 2b 0.005 0.002 6 0.1 0.002 0.001 5 0.4 

Rhabdosargus holubi 2a 0.003 0.002 7 0.1 0.001 <0.001 6 0.2 

Totallchthyofauna 3.279 1.330 100.0 0.576 0.291 100.0 

High marsh pools 

Mugilidae (< 20 nun) 9.463 1.495 51.7 0.735 0.307 3 9.8 

Liza dumerilii 2b 7.312 2.529 2 39.9 4.921 2.201 65.9 

Mugil cephalus 5b 0.572 0.229 3 3.1 1.230 0.601 2 16.5 

Psammogobius knysnaensis 1a 0.404 0.262 4 2.2 0.318 0.189 4 4.2 

Liza tricuspidens 2b 0.231 0.132 5 1.3 0.184 0.102 5 2.4 

Rhabdosargus holubi 2a 0.130 0.117 6 0.7 O.Q35 0.025 6 0.5 

Crenimugil crenilabis 2c 0.063 0.049 7 0.4 O.QIS O.Oll 7 0.2 

Terapon jarbua 2a 0.050 0.039 8 0.3 0.004 0.003 10 0.1 

Myxus capensis 5b 0.034 0.025 9 0.2 0.012 0.009 9 0.2 

Elops machnata 2a O.Ql8 0.012 10 0.1 0.001 0.001 12 <0.1 

Liza richardsonii 2c 0.014 0.014 11 <0.1 0.014 0.013 8 0.2 

Glossogobius callidus 1b 0.005 0.004 12 <0.1 0.002 0.002 ll <0.1 

Total ichthvofauna 18.296 6.70 100.0 7.471 2.947 100.0 
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Table 3.6 continued 

Taxa Group Deruity SE R % S.stock SE R "/o 

Intertidal creek 

Mugilidae (< 20 mm) 4.153 0.999 35.3 0.264 0.005 7 1.7 

Liza dumerilii 2b 3.338 0.818 2 28.4 15.184 6.166 1 70.2 

Gilchrlstella aestuarla la 1.872 0.808 3 15.9 0.571 0.290 5 2.6 

Atherlna breviceps 1b 0.644 0.200 4 5.4 0.392 0.122 6 1.8 

Psammogobius lcnysnaensis la 0.563 0.133 5 4.8 0.157 0.073 11 0.7 

Llza trlcuspidens 2b 0.265 0.102 6 2.3 0.221 0.080 8 1.0 

Rhabdosargus holubi 2a 0.238 0.063 7 2.0 1.142 0.566 4 5.2 

Mugil cephalus 5b 0.167 0.055 8 1.4 0.193 0.073 10 0.9 

Pomadasys commersonnii 2a 0.120 0.059 9 1.0 1.310 0.445 3 6.0 

Terapon jarbua 2a 0.109 0.050 10 0.9 0.050 0.030 14 0.2 

Glossogobius callidus lb 0.104 0.035 11 0.9 0.044 0.012 15 0.2 

Caffrogobius natalensis 1b 0.037 0.008 12 0.3 0.076 0.002 13 0.3 

Diplodus sargus 2c 0.022 0.009 13 0.2 0.031 0.015 16 0.1 

Pomadasys olivaceum 3 0.017 0.006 14 0.1 0.105 0.033 12 0.5 

Monodactylus falciform is 2a 0.016 0.014 15 0.1 0.007 0.006 18 <0.1 

Total lchthyofa\Dlll 11.747 1.81 21.160 6.108 

Other intertidal creek species: Myxus capensis, Solea bleeker/, Liza richardsonii, Sarpa salpa, Oreochromis mossambicus, 

Rhabdosargus globiceps, Crenimugil crentlabis, Cajfrogobius nudiceps, Caffrogobius gilchrist/, Dtplodus cervinus, Elops machnata, 

Clinus superciliosus, Syngnathus acus, Ambassis gymnocephalus, Periopthalmus sobrinus, Llchia amia, Arothron hlspldus, Pomatomus 

saltatrlx, Ophisurus serpens, Lithognathus lithognathus, Omobranchus woodi, Saurlda gracilis, Gobiopsis pinto, Monodactylus 

argenteus, Heteromycterls capensis. 

The life-history stages of the numerically dominant species caught in the high marsh pools and 

Sarcocornia per ennis habitats were mainly 0+ juveniles (Table 3. 7). The creek ichthyofauna was 

also dominated by 0+ juveniles but the adults of a number of estuarine and marine species (e.g. G. 

aestuaria, A. breviceps, P. knysnaensis, G. callidus, C. natalensis, C. gilchristi, C. nudiceps and 

L. richardsonii) were also recorded (Chapter 2). The mean standard lengths of many of the 

common species (e.g. R. holubi) were also greater in the creek habitat (x=23.4 mm) than in 

either the Sarcocornia perennis or the high marsh pool habitats (x=12.0 mm). 
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Table 3. 7 Mean lengths, standard deviations, length ranges and dominant life-history stages of the 

dominant fish taxa caught in the Sarcocornia perennis flats and high marsh pools for the period 

January 1993 to May 1994. 

Taxa Number Measured Mean length SD Range Life-history 

(mm} {mm} stage 

Sarcocornia perennis flats 

Mugilidae (< 20 mm) 660 428 11.3 3.3 6.0 - 19.9 Juveniles 

Liza dumerilli 279 279 26.6 9.7 20.0-76.5 Juveniles 

Myxus cae,ens/s 9 9 22.5 3.2 10.0-28.1 Juveniles 

High marsh pools 

Mugilidae (< 20 mm) 1968 718 13.3 3.3 6.4- 19.9 Juveniles 

Lfza dumerilff 1392 887 26.5 7.7 20.0-93.0 Juveniles 

Mugil cephalus 104 104 38.1 15.0 20.0- 73.6 Juveniles 

Psammogob/us knysnaensis 65 65 32.6 6.2 20.0-45.2 Juveniles I Adults 

Liza tricuspidens 50 50 32.5 5.2 21.8-40.3 Juveniles 

Rhabdosargus holub/ 27 27 12.0 3.8 9.5 - 30.0 Juveniles 

Section 2b - Distribution of fishes in the Spartina maritima habitat. 

Density and standing stock: During this study only 16 individuals were caught in the Spartina 

maritima. Average fish density was 0.31 fishes per 10m2 (Table 3.8), ranging between 0 and 1.05 

fishes per 10m2
. Similarly, the average standing stock of fishes in the Spartina maritima habitat 

was very low (0.33 g per 10m2
) and ranged between 0 and 2.9 g per 10m2

. 

Composition: Six species from three families were sampled (Table 3.8) with the Mugilidae 

accounting for over 60% of the numbers caught. The Gobiidae were the most species rich family, 

with four species. The mugilids and the single R. holubi were all juvenile fishes while the gobies 

were adults (Table 3.8). 
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Table 3.8 Density, standing stock and length ranges offish taxa sampled on the Spartina maritima 

flats of Taylor's salt marsh in May, June, November and December 1995. 

Density SD S. stock SD Length range 

mm 

Mugilidae (< 20 mm) 0.14 0.25 0.006 0.009 10- 17 

Psammogobius knysnaensis 0.04 0.10 0.001 0.005 25 

Glossogobius callidus O.D3 0.10 0.038 0.132 34 

Caffrogobius nudiceps 0.03 0.10 0.145 0.500 57 

Caffrogobius natalensis 0.03 0.10 0.090 0.310 48 

Myxus capensis 0.03 0.10 0.005 0.021 21-22 

Rhabdosargus holubi 0.01 0.04 0.050 0.170 49 

Total icbthyofauna 0.31 0.335 

3.4 DISCUSSION 

THEICHTHYOFAUNALDISTRIBUTIONWITIDNTAYLOR'SINTERTIDALSALTMARSH 

CREEK. 

Taylor's creek is relatively short in length with minor differences in topography and channel form 

between the three reaches. While the structural differences between the reaches are subtle, 

similarity analyses consistently revealed that the fish communities differed between the reaches. 

The ichthyofaunal differences were also apparent at the species level, with individual species 

standing stocks and densities varying markedly between reaches. Although there were no 

significant differences in overall fish density between the three reaches, the upper section was 

found to have the lowest densities. In contrast, Weinstein (1979) found that young fishes and 

macro-invertebrates were concentrated in the upper reaches of tidal creeks in the Cape Fear River, 

North Carolina and it was hypothesised that marsh creeks 'fill up backwards' during recruitment. 

At the species level Hap lin (1997) demonstrated that Fundulus heteroclitus was concentrated in 

the upper reaches of intertidal creeks in New England. 

58 



Factors influencing habitat choice or microhabitat use by fishes are difficult to identify. Most of 

these factors are interactive and the relative importance of one factor compared to another is often 

difficult to quantify. The habitat that a fish selects is presumably in response to factors which will 

optimise its nett energy gain, while avoiding predators and minimizing interactions with 

competitors (Baltz et al. 1993). These factors are in turn influenced by a variety of abiotic and 

biotic parameters such as water temperature, salinity, turbidity, depth, water currents, substratum 

characteristics and vegetation cover, to name but a few. In this study water temperature, salinity 

and turbidity were not found to differ significantly between reaches (Table 3 .2) and are therefore 

unlikely to have been the causal agents for the different fish assemblages, individual species 

densities and standing stocks associated with the three reaches. However, the average depth in the 

three reaches did show significant differences. This, in combination with the simple but effective 

superimposition 'Field plots', demonstrates that water depth may be important in influencing the 

ichthyofaunal assemblages. The level of inundation, hydroperiod and surface elevation have all 

been highlighted as very important factors in regulating nekton utilization of salt marshes (Rozas 

& Reed 1993, Rozas 1995). Recent studies (Minello & Webb 1997) using multiple regression 

models to examine the relationships between nekton densities on the marsh surface and 

environmental factors also found that the most important factors were water depth and annual tidal 

flooding periods. 

A spatial cline was exhibited in this study with the density and standing stock of fishes which were 

abundant in the adjacent eelgrass beds (e.g. R. holubi and A. breviceps) being concentrated in the 

lower and middle reaches of the intertidal creek, whereas the common creek species (e.g. L. 

dumerilii and P. knysnaensis) were concentrated predominantly in the middle, and/or upper 

reaches (Tables 3.4 and 3.5). One hypothesis which might explain why the eelgrass-associated 

species are restricted to the lower reaches of the creek is that these species are not adapted to the 

clear, unvegetated, shallow conditions associated with the upper reaches and therefore do not stray 

far from their preferred vegetated habitat into an environment where they may be susceptible to 

predation. In contrast, the dominant creek-associated species which were found in the upper 

reaches of the creek are either highly camouflaged (P. knysnaensis) or they school (mugilids) and 

are therefore able to make use of the unvegetated creek. 
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Tidal creeks are the launching points for nekton that use the marsh surface and thus they influence 

the ichthyofaunal composition ofthe marsh (Rozas & Odum 1987a). Studies have shown that in 

salt marshes and tidal freshwater marshes the nature of the creek (e. g. depth, presence or absence 

of vegetation and stream order) have an effect on the ichthyofauna utilizing the bordering salt 

marsh vegetation (Rozas & Odum 1987a,b, Mcivor & Odum 1988, Hettler 1989). This study has 

shown that the separate reaches of a single salt marsh intertidal creek have different fish 

assemblages and are frequented by different sizes of marine fishes. What is of particular 

importance is that these differences were found in a creek which is relatively short, has minor 

topographical differences and small, albeit significant, depth changes. 

THE ICHTHYOFAUNAL DISTRIBUTION WITHIN THE DOMINANT HABITATS OF 

TAYLOR'S SALT MARSH. 

Considerable differences were found in the densities and standing stocks of fishes utilizing the 

different habitats within Taylor's salt marsh. In general, fish densities, standing stocks and diversity 

were far higher in the creek in comparison to other habitats, with the fishes seldom utilizing the 

higher lying intertidal vegetated areas. These differences were greatest between the creek and 

Spartina maritima flats, with the creek habitat being frequented by six times the numbers of 

species and an order of magnitude more fish. The relative importance of the vegetated salt marsh 

habitats is put into perspective when the distribution of fishes over the entire marsh is examined 

at the slack high tide and on average 91% of the numbers and 98% of the biomass of fishes are 

recorded in the creek. The fact that the Spartina maritima and Sarcocornia perennis habitats are 

in general only inundated over spring high tides, and then only for short periods, further illustrates 

the importance of the creek habitat to the ichthyofauna that frequent the salt marsh as a whole. In 

contrast to this study, research on North American vegetated tidal marsh flats, in particular 

Spartina alterniflora, have shown that this habitat is utilized by fishes (Zimmerman & Minello 

1984, Stout 1984, Talbot & Able 1984, Hettler 1989, Rakocinski et al. 1992, Baltz et al. 1993, 

Rozas&Reed 1993, Knieb & Wagner 1994, Peterson& Turner 1994, Knieb 1997a,b). In general 

the interior of tidal marshes are used primarily by resident fishes while the marsh edge is used by 

resident and transient species (Peterson & Turner 1994, Knieb 1997b). Hettler (1989) reported 

that in the regularly flooded cord grass marshes of North Carolina approximately 50% of the 

species from adjacent estuarine areas were caught in the Spartina alterniflora beds within that 

60 



system. Unlike many of the North American marsh systems the fish species caught in the vegetated 

reaches of Taylor's salt marsh were almost exclusively marine transient species. In addition, less 

than 20% of the fish species caught in Taylor's creek, let alone the adjacent estuarine channel, 

were caught in the vegetated salt marsh flats. 

The vegetated salt marsh flats in many North American estuaries are frequented by juvenile fishes, 

probably due to the shallow and vegetated nature of the habitat, with these two attributes 

providing protection against predators as well as a food rich environment (Baltz et al. 1993). Field 

studies have demonstrated the importance of the flooded intertidal marsh surface as an energy 

source to Fundulus heteroclitus (Weisberg & Lotrich 1982). Knieb ( 1987) indicated that predation 

is a causal factor in habitat choice by young killifish, with juvenile fish remaining in the high 

intertidal habitats, thus avoiding concentrations oflarger piscivorous fishes in the subtidal regions. 

Vegetated habitats in estuaries (e.g. eelgrass beds) have been shown to harbour higher densities 

of juvenile fishes in comparison to unvegetated areas. This has been attributed to a range of 

mechanisms including habitat complexity, increased food supplies and prey refugia (Orth 1992). 

Similarly, Rozas & Odum (1988) demonstrated that food availability is higher and predation 

pressure is lower in vegetated compared to unvegetated areas in tidal freshwater creeks. 

The factors responsible for the minimal utilization ofthe vegetated areas of Taylor's salt marsh 

by fishes are probably linked primarily to the distribution of predators and hydro period within the 

salt marsh. None of the common piscivorous fishes found in Eastern Cape estuaries (e.g. Lichia 

ami a, Elops machnata or Argyrosomus japonicus) were caught in Taylor's creek and the creek 

ichthyofauna was dominated by zooplanktivores and detritivores (Chapter 7). Consequently one 

of the incentives for small fishes to move into a shallow water vegetated refuge is absent and may 

even lead to higher mortalities due to the increased chance of stranding or avian predation. In 

comparison to Spartina altemiflora, which grows up to lm in height and has broad blades, 

Spartina maritima provides far less cover for fishes as it is less dense and complex due to its 

shorter height and rolled blade formation (Goodman 1958). In addition, the Kariega Estuary also 

has large tracts of Zostera capensis which are extensively used by fishes (Chapter 4 ), thus fulfilling 

any vegetated habitat requirements by particular species. 

61 



Hydroperiod is very important in the functioning of tidal marshes. It directly affects the nekton 

use of the marsh surface by controlling access to the habitat and may also indirectly affect habitat 

use through its influence on marsh vegetation and the prey of fishes (Rozas 1995). Regional 

differences in fish utilization of salt marshes along the American Gulf coast compared to those 

along the south east coast ofNorth America are thought to be a function ofhydroperiod, with the 

duration of flooding appearing to be more important than the predictability (Rozas 1995). The S. 

maritima and S. perennis habitats in Taylor's salt marsh are inundated for short periods oftime 

only over the high spring tides (Taylor & Allanson 1995). This inundation period is considerably 

less than reported for many S. altemiflora marshes which may be inundated during 95% of flood 

tides (Eleuterius & Eleuterius 1979, Rozas & Reed 1993). The irregularity and shortness in 

duration of flooding of the vegetated marsh habitats in the Kariega Estuary, in comparison to many 

North American systems, is partly due to S. alterniflora extending further down the tidal profile 

than S. maritima and S. perennis (Goodman 1958, Eleuterius & Eleuterius 1979, Pierce 1979, 

McKee & Patrick 1988, 0' Callaghan 1994). The overall possible benefits of fish frequenting the 

vegetated habitats in Taylor's salt marsh are probably outweighed by factors such as risk of 

stranding, increased bird predation and the lack of suitable food resources. Similarly, the low fish 

densities of fishes caught on the vegetated salt marsh flats in Australian (Connolly eta/. in press) 

and European salt marshes (Cattrijsse eta/. 1994, Knieb 1997b) are also thought to be due to the 

short periods of inundation. 

While water depth and period of inundation may be important factors in the structuring of marsh 

nekton, North American high marshes, which are irregularly flooded, have also been shown to be 

used by marsh resident fishes (Stout 1984,Talbot & Able 1984). Killifish have also been shown 

to be unconstrained by shallow water and actively move whh the tidal front from S. altemif/ora 

marshes into higher Distich/is spicata marshes as they become accessible later in the tidal cycle 

(Rozas & Reed 1993). In contrast, there is no evidence that fishes actively seek out the vegetated 

surfaces in the Kariega salt marshes. 

The densities of fishes found in the high marsh pools was greater than that found in the intertidal 

creek, whereas the standing stock was an order of magnitude less. The higher densities of fishes 

in the high marsh pools is difficult to explain but could be due to fishes concentrating in these 
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pools to avoid stranding once the tide recedes. The fishes in the high marsh pools were dominated 

by marine transient species, which is in contrast to most other studies in this type of habitat where 

the ichthyofaunal communities were dominated by marsh resident species (Knieb 1997b). This 

dominance by marine transient species in Taylor's high salt marsh pools is probably linked to these 

pools drying up at regular intervals and consequently being unable to sustain a fish community for 

any length of time. 

Permanently resident marsh fishes are an important component of the ichthyofauna associated with 

salt marshes in North America (Peterson & Turner 1994, Knieb 1997a,b). Inspections of the 

Kariega salt marshes at low tide indicate that there is no obvious resident fish fauna. The reason 

for this is that there is very little standing water in the Kariega salt marshes to act as a refuge over 

the low tide period. Unlike many North American tidal marsh systems where shallow subtidal 

creeks are utilized as low tide refuges, the intertidal creeks found in the Kariega salt marshes drain 

fully. Furthermore, the Kariega vegetated salt marsh flats are at a higher elevation (Taylor 1987, 

0' Callaghan 1994) than some of the dominant vegetated flats (e.g. S. maritima) found in North 

American systems (McKee & Patrick 1988) and in contrast to these systems there is very little 

standing water in the vegetation at low tide. The short hydroperiod associated with the elevation 

of the Kariega marshes results in few aquatic microhabitats which can act as refuges over the low 

tide. Thus the ichthyofauna that utilize the salt marshes are marine transients or estuarine species 

which only move into the marsh and its intertidal creek over the high tide. 

Of the five different classes of fish that utilize South African estuaries, only species from the 

estuarine group (Table 2.2) would have the potential to be permanent marsh residents. However, 

the life-history traits of the dominant estuarine species which were caught in Taylor's intertidal 

salt marsh, creek e.g. G. aestuaria, P. knysnaensis, C. gilchristi, C. nudiceps and C. natalensis, 

preclude them from spending their entire lives on a salt marsh. The gobies have a marine larval 

stage and G. aestuaria spawns in the water column in the upper reaches of estuaries (Whitfield 

1998). 

Peterson & Turner (1994) formulated a four tier system to categorise fishes in a Louisiana salt 

marsh. The four categories included interior marsh residents, interior marsh users, edge marsh 
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users and a marsh subtidal group. The vast majority of fishes which were caught in Taylor's salt 

marsh fit into the latter two categories, with no fish exhibiting the characteristics or distribution 

patterns that would classify them as interior marsh residents or interior marsh users. The above 

system is not applicable to the salt marshes studied in the Kariega Estuary. A system which places 

more emphasis on the transient fish fauna and the unvegetated, more regularly inundated intertidal 

creek would be better suited to marshes where little utilization is made of the vegetated habitats 

by fishes and there are few marsh residents. A preliminary classification system for the fishes that 

frequent salt marshes in the Kariega Estuary could be divided into the following categories: 

(1) General creek species 

{2) Lower creek species 

(3) Upper creek species 

Fish that are found along the entire length of the intertidal creek 

a) Restricted to the intertidal creek (e.g. P. knysnaensis). 

b) Caught in the intertidal creek and occasionally over the vegetated salt marsh flats 

(e.g. Mugilidae < 20 nun, L. dumerilii). 

Fish that are found predominantly in the lower reaches of the intertidal creek 

a) Restricted to the intertidal creek (e.g. A. breviceps). 

b) Caught in the intertidal creek and occasionally over the vegetated salt marsh flats 

(e.g. R hoi ubi). 

Fish that are found predominantly in the upper reaches of the intertidal creek 

a) Restricted to the intertidal creek (e.g. E. machnata, M falciformis). 

b) Caught in the intertidal creek and occasionally over the vegetated salt marsh flats 

(e.g. M cephalus). 
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C-hapter 4 

lchthyofauna associated with Taylor's intertidal salt 
marsh creek and the adjacent eelgrass beds 



4.1 INTRODUCTION 

Seagrasses and salt marshes act as nursery areas for fishes (Adams 1976a, Cain & Dean 1976, 

Shenker & Dean 1979, Bozeman & Dean 1980, Pollard 1984, Smith eta!. 1984, Bell & Pollard 

1989, Chamberlain & Barnhart 1993, Knieb 1997b). Most of these studies have, however, been 

restricted to a single habitat and very few have compared the ichthyofaunal utilization of different 

habitats within the same estuary. Comparative research between seagrass and unvegetated areas 

(Bell & Pollard 1989, Hecketal. 1989, Ferell & Bell1991, Connolly 1994a, West &King 1996) 

has shown that, in general, seagrass habitats have a greater diversity and abundance of nekton 

than unvegetated sites. Research comparing the fish assemblages of seagrass and tidal creeks has 

demonstrated that eelgrass beds usually have a far higher diversity and richness of fishes than tidal 

creeks. In contrast, tidal creeks have higher overall densities of fishes than seagrass beds. 

However, these higher densities were attributed to very high numbers of only one or two species 

(y/einstein & Brooks 1983, Sogard & Able 1991). 

Within southern Africa, estuarine ichthyological research has shown that Zostera capensis habitats 

are utilized extensively by juvenile fishes (Beckley 1983 ). Comparative ichthyofaunal studies have 

been limited to Zostera and non-Zostera habitat comparisons (Branch & Grindley 1979, Hanekom 

& Baird 1984, Whitfield 1988) and Zostera associated ichthyofaunal distributional studies within 

(Ter Morshuizen & Whitfield 1994) and between estuarine systems (Whitfield et al. 1989). 

Research on the fish utilization of salt marshes and their tidal creeks has been confined to Paterson 

& Whitfield (1996), which indicated that intertidal salt marsh creeks are, as with eelgrass beds, 

dominated by juvenile marine and estuarine fishes. 

In order to ascertain the relative importance of salt marsh creeks as an intertidal habitat for fishes 

in the Kariega Estuary it is necessary to establish whether this habitat is utilized by a distinct 

ichthyofaunal assemblage in comparison to the other dominant intertidal habitat in the estuary viz. 

eelgrass. In particular this chapter aims to ascertain whether: 

1) Taylor's intertidal salt marsh creek and adjacent eelgrass beds have distinct fish 

compositions. 

2) Taylor's intertidal salt marsh creek supports a similar density, biomass and diversity of 

fishes as the adjacent eelgrass beds. 
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4.2 MATERIALS AND METHODS 

SAMPLING PERIODICITY 

Samples were collected from August 1992 to May 1994. The sampling periodicity followed that 

of Chapter 2 except that no eelgrass beds were sampled during the first sampling session in winter 

1992. 

FIELD SAMPLING 

Comparative research between two habitats should ideally utilize a sampling protocol which 

accurately measures the parameter in question in each region. The majority of sampling designs 

in comparative ichthyofaunal community studies use the same sampling apparatus in each habitat 

to reduce species and size selectivity differences between gears. This approach relies on the 

premise that the gear operates with the same efficiency within both habitats. The unsuitability, due 

to varying topography, narrow channels, shallow water and high water clarity, of Taylor's creek 

to sub-sampling techniques such as seine netting and lift traps resulted in a block net being used. 

Block netting has been used in other salt marsh creek studies (Cain & Dean 1976, Bozeman & 

Dean 1980) and was found to be the most suitable sampling option available for the very singular 

characteristics of Taylor's intertidal creek. This technique, which negates the need for sub

sampling as all the fishes are sampled, avoids problems faced by other procedures such as size and 

species selectivity, net avoidance and variable towing speeds. Taylor's creek is also ideally suited 

to block netting as it has only one opening and drains fully at low tide. Block netting was 

impractical in the adjacent eelgrass beds whereas seine netting has been utilized in numerous 

South African eelgrass studies (e.g. Beckley 1983, Whitfield et al. 1989). Comparative research 

into the sampling selectivity of seine and pop nets in eelgrass beds has indicated that seine nets 

may under sample some species closely associated with the substratum (Connolly 1994b). To 

counteract this selectivity, the seine net was fitted with a heavily weighted bottom line and 

spreader poles in order to keep the net from lifting off the bottom. To further reduce the size and 

species selectivity of the different gears, the seine and block net were constructed from the same 

netting. 

At slack high tide the block net was set across the mouth of the creek (See Materials & Methods 

Chapter 2) and immediately afterwards the adjoining eelgrass beds were seined. A total of four 
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sites (Figure 4.1) were seined using a 5 m long, 2.5 m deep seine net with a 2.5 mm stretch mesh. 

The section of eelgrass bed sampled was calculated after each haul with approximately the same 

area ( 45 m2
) being sampled on each occasion. 

Selected physical and chemical parameters were recorded on the high tide at four fixed locations 

in the creek and at the four seine net stations (Figure 4.1). Water temperature CCC) was measured 

in situ and water samples were collected so that salinity and turbidity (NTU) could be measured 

in the laboratory using an optical salinometer and turbidimeter. 

SAMPLE ANALYSIS 

Sample analysis follows that of Chapter 2. 

DATA ANALYSIS 

Density and standing stock: Fish density and standing stock were calculated by dividing the total 

number and mass respectively of each species by the area sampled. The area used in the 

calculation of fish density and standing stock in the creek was that of the unvegetated intertidal 

creek and not the whole area of inundated marsh. The results of Chapter 3 indicate that on 

average over 90% of the fishes in the salt marsh are found in the intertidal creek and not on the 

vegetated flats at slack high tide. A Wilcoxon test (Fowler & Cohen 1993) was undertaken to 

determine whether there was a significant difference between the density and the standing stock 

of the ichthyofauna found in the creek compared to that of the adjacent eelgrass beds. 

Ichthyofaunal composition: The dominant ichthyofauna utilizing the creek and eelgrass beds 

were determined as follows. All samples were pooled and the total density, standing stock and 

percentage frequency of occurrence of each species were ranked. The sum of these three ranks 

was then ranked to establish which taxa were the most dominant. The estuarine association 

categories (Table 2.2) assigned to each of the species found in both habitats conform to those 

proposed by Whitfield (1994b ). The percentage, both in terms of density and standing stock, that 

each estuarine association category made to the total ichthyofauna of each habitat was calculated. 
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Seasonality: In all seasonal analyses the dawn and dusk samples were pooled for each season. 

Total fish density and standing stock was calculated per season per habitat. The Shannon-Wiener 

species diversity index (H') and Pielou's evenness index (J') (Washington 1984) were calculated 

on a seasonal basis, using confirmed species only, for both the creek and adjacent eelgrass bed fish 

assemblages. 

Classification and ordination: The mean ichthyofaunal density data collected in the salt marsh 

creek and eelgrass beds (n=30 samples) was root-root transformed. Root-root transformation, as 

with the log transformation, has the effect of scaling down the scores of abundant species so that 

they do not swamp the other data, which is desirable for density and biomass data (Field et a!. 

1982). In addition, the root-root transformation is advantageous in that when similarity is assessed 

using the Bray-Curtis measure, the similarity coefficient is invariant to a scale change (Field et a!. 

1982). An association matrix was produced using the Bray-Curtis similarity measure, from which 

classification and ordination procedures were conducted. The similarity matrix was classified using 

hierarchical agglomerative clustering with group average linking, while ordination used 

multidimensional scaling (MDS) techniques (Clarke & Warwick 1994). In order to establish the 

species responsible for the patterns observed in the ordination and classification, a similarity 

percentage breakdown (SIMPER) was conducted. This procedure involves computing the average 

dissimilarity o between all pairs of inter-group samples (i.e. every sample in the eelgrass paired 

with every sample in the creek) and then breaking this average down into the separate 

contributions from each species to this dissimilarity (Clarke & Warwick 1994). All classification 

and ordination procedures were carried out using the PRIMER 4.0 package. 
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Figure 4.1 Map of Taylor's salt marsh showing the block net and eelgrass sampling sites. 

69 



4.3 RESULTS 

Physico-chemical parameters: Seasonal trends were typical with the highest temperatures 

occurring in the summer months in both habitats (Figure 4.2). The average water temperature in 

the eelgrass (mean= 18.6 °C, SD=3.02) was almost identical to that of the creek (mean =18.4 °C, 

SD=3.3) and the temperature profiles (Figure 4.2) mirrored one another. Seasonal trends were 

not discernible in the salinities of either habitat and the average salinity of the eelgrass habitat 

(mean=34.6, SD=l.O) was identical to that of the creek (mean=34.6, SD=0.8) (Figure 4.2). 

Seasonal trends in turbidity were not apparent in either the eelgrass or creek environments (Figure 

4.2). The average turbidity in the eelgrass (mean=9.4 NTU, SD=3.9) was essentially the same as 

the intertidal creek (mean= lO.l NTU, SD=3.9). 
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Figure 4.2 Physico-chemical water parameters sampled in Taylor' s intertidal salt marsh creek and 

adjacent eelgrass beds between August 1992 and May 1994. Variance between water sampling 

sites in each habitat was very low and is thus not indicated. 
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Ichthyofaunal density and standing stock: A total of 17 606 individuals were caught in the 

eelgrass beds while 60 415 were caught in the intertidal creek. The average density of fishes in 

the eelgrass (65.5 per 10m2
, SD=56.0) was substantially higher than that of the intertidal creek 

(15 .4 per 10 m2
, SD=8 .2). There was a significant difference between the median fish densities 

of the eelgrass and intertidal creek habitats (Wilcoxon test, T=O, P<0.01). Seasonal trends in the 

densities of fishes in the eelgrass were far more apparent than in the creek (Figure 4.3). The 

eelgrass habitat showed a clear pattern, with the highest densities of fishes occurring in spring and 

summer, with considerably lower densities being recorded in winter. Only in the second year of 

sampling were there any clear seasonal trends in the density of fishes in the creek, with an increase 

in fish density in spring and summer (Figure 4.3). 
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Figure 4.3 Mean seasonal fish densities (number per 10m2
) in Taylor's intertidal salt marsh creek 

and adjacent eelgrass beds between winter 1992 and autumn 1994. Eelgrass error bars indicate 

one standard error (n=8). 

The total mass of fishes caught in the eelgrass beds was 14.4 kg while 100.1 kg was caught in the 

creek. The standing stock of fishes, as with density, was higher in the eelgrass (47.8 g per 10m2
, 

SD=28.3) compared to the intertidal creek (25.6 g per 10m2
, SD=25.4). There was a significant 

difference between the median fish standing stock in the eelgrass and creek habitats (Wilcoxon 

test, T=22, P<O. 05). Seasonal trends in the standing stock of fishes in the eelgrass and creek 

habitats were indistinct (Figure 4.4). 
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Figure 4.4 Mean seasonal standing stock (grams per 10m2
) of fishes in Taylor's intertidal salt 

marsh creek and adjacent eelgrass beds between winter 1992 and autumn 1994. Eelgrass error 

bars indicate one standard error (n=8). 

Ichthyofaunal community composition: A similar number of species were caught in the eelgrass 

(3 8 species) and creek habitats ( 41 species). The dominant taxa in each region, using the ranking 

index (Table 4.1 ), differed, with the five dominant species in the eelgrass being Rhabdosargus 

holubi, Atherina breviceps, Ca.lfrogobius natalensis, Gilchristella aestuaria and Glossogobius 

callidus. The creek was dominated by Liza dumerilii, Mugilidae (< 20 mrn), Mugil cephalus, R. 

holubi and G. aestuaria (Table 4.1). In both habitats there were only a few species which were 

both numerically and gravimetrically dominant, with L. dumerilii being the most abundant in the 

creek and R. holubi in the eelgrass. 

The fish assemblages in the two habitats were dominated by different ichthyofaunal families 

(Figure 4.5). The eelgrass was dominated by the Sparidae, Clupeidae, Atherinidae and Gobiidae, 

with the Mugilidae contributing insignificantly to the fish community. Conversely the creek was 

dominated by the Mugilidae, with the Clupeidae, Sparidae, Atherinidae and Gobiidae being less 

important (Figure 4 .5). 
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Creek 

Clupeidae 13% 

Others 1% 

Gobildae 4% 

Atherinidae 4% 

Sparldae 10% 

Sparidae 42 % 

Clupeidae 28 % 

Eelgrass 

Atherinidae 15 % 

Others 2% 

Mugilidae 3% 

Figure 4.5 Dominant fish families, calculated using density data, found in Taylor's intertidal salt 

marsh creek and adjacent eelgrass beds between August 1992 and May 1994. 

Table 4.1 The fifteen dominant fish taxa and their number per 10m2
, percentage of total number, 

mass per 10m2
, percentage oftotal mass and frequency ofoccurence in both Taylor's intertidal 

salt marsh creek and adjacent eelgrass beds for the period August 1992 to May 1994. Groups 

correspond to estuarine association categories (see Table 2.2). 

Taxa Group Overall Ave. number 0/o Ave. mass (g) 0/o Frequency of 

rank per 10 m1 per 10m2 occurence 

Intertidal creek 

Liza dumerilii 2b 3.7 24.0 17.6 68.9 100.0 

Mugilidac (< 20 mm) 2 5.0 32.7 0.4 1.5 100.0 

Mugil cephalus 5b 3 1.5 9.7 1.5 5.8 86.6 

Rhabdosargus holubl 2a 3 0.4 2.3 1.0 3.8 100.0 

Gilchristella aestuaria 1a 5 2.0 13.1 0.6 2.4 86.6 

Atherina breviceps 1b 6 0.6 3.6 0.3 1.3 93.3 

Psammogobius knysnaensis la 7 0.5 3.4 0.2 0.7 93.3 

Pomadasys commersonnil 2a 7 0.1 0.6 1.1 4.3 86.6 

Glossogobius callidus lb 9 0.1 0.6 <0.1 0.2 100.0 

Liza tricuspidens 2b 10 0.2 1.4 0.2 0.8 66.6 
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Taxa Group Overall Ave. number 0/o Ave. mass (g) 0/o Frequency of 

rank per 10 ml per 10 m1 occurence 

Table 4.1 continued 

Dlplodus sargus 2c 11 0.9 6.0 0.1 0.2 66.6 

Liza richardsonii 2c 12 <0.1 0.1 2.2 8.5 60.0 

Cajfrogobius natalensls 1b 12 <0.1 0.2 0.1 0.2 86.6 

My;cus capensls 5b 14 <0.1 0.2 0.2 0.7 66.6 

Terapon jarbua 2a 15 0.1 0.6 <0.1 0.2 73.3 

Adjacent eelgrass beds 

Rhabdosargus holubt 2a 26.0 39.6 22.5 47.0 100.0 

Atherina breviceps lb 2 9.7 14.8 6.0 12.4 100.0 

Caffrogobius natalensis lb 3 2.4 3.7 2.4 5.0 100.0 

Gilchristella aestuaria 1a 4 18.5 28.2 5.9 12.3 93.3 

Glossogobius callidus 1b 5 1.7 2.6 1.2 2.6 100.0 

Caffrogobius gllchrlsti lb 6 1.7 2.6 2.0 4.4 93.3 

Cajfrogobius nudlceps lb 7 0.5 0.7 1.3 2.8 93.3 

Dlplodus sargus 2c 8 1.0 1.5 0.4 0.8 93.3 

Syngnathus acus 1b 9 0.5 0.7 0.4 0.8 93.3 

Mugjlidae (< 20 mm) 10 1.3 1.9 0.1 0.1 100.0 

Clinus superctliosus 1b 10 0.4 0.6 1.1 2.4 80.0 

Pomadasys olivaceum 3 12 0.1 0.2 0.5 1.1 86.6 

Monodactylus falciformis 2a 13 0.1 0.2 0.1 0.2 66.6 

Siganus sutor 3 14 0.3 0.5 0.3 0.7 20.0 

Solea bleekeri 2b 14 0.1 0.1 0.2 0.4 60.0 

Remaining creekflsh species and ranks: Pomadasys olivaceum 16; Solea bleekeri 17; Rhabdosargus globlceps 11;Monodactylusfolciformis 

19; Cajfrogobius gilchristi 20; Cajfrogobius nudiceps 21; Diplodus cervfnus 22; Lithognathus lithognathus 23; Oreochromis mossambicus 24; 

Sarpa salpa 25; Crenimugil crenilabis 26; Clinus superciliosus 27;Lichia ami a 28;Elops machnata 29; Syngnathus acus 30; Ophisurus serpens 

30;Periophthalmus sobrinus 32; Gobiopsls pinto 33;Pomatomus saltatrix 34;Arothron hispidus 35; Saurida gracilis 35; Omobranchus wood! 

37; Monodactylus argenteus 38; Lactoria fornasinf 39; Heteromycteris capensis 40; Ambassis gymnocephalus 41. 

Remaining eelgrass fish species and ranlls:Diplodus cervlnus 16; Saurlda gracilis 11;Mugil cephalus 11;Pomatomus saltatrix 19;Pomadasys 

commersonni120;Liza dumerllii 21; Torpedo foscomaculata 22; Sarpa salpa 22; Rhabdosargus globlceps 24; Psammogobius knysnaensis 25; 

Stephanolepis auratus 26;Arothron hispidus 27;Heteromycteris capensis 28;Lactorla diaphana 29;Amblyrhynchotes honckenii 30;Pervagor 

janthinosoma 31; Teraponjarbua 32; Caffrogobius caffir 33;My;cus capensis 34; Elops machnata 35; Lithognathus mormyrus 36; Engraults 

japontcus 37; Argyrosomus japonicus 38; Liz a richardsonif 39. 

The percentage contributions made by the fish species of the various estuarine association 

categories (Table 2.2) differed between the eelgrass and creek habitats (Figure 4.6). In terms of 

density, the creek was dominated by marine species, although the estuarine and catadromous 
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species were also important. In contrast, the eelgrass was dominated by estuarine species with the 

only other significant group of fish being the marine species. When analysing the estuary 

association categories in the different habitats using the standing stock of fishes, the dominant 

category was the marine species in both the creek and the eelgrass habitats. The creek was 

however overwhelmingly dominated by marine fishes, whereas the eelgrass also had a significant 

estuarine fish standing stock (Figure 4.6). 

Density 
Creek Eelgrass 

~R=f~..,__Estuarine 55% 

Creek 
Standing stock 

Eelgrass 

Figure 4.6 Estuarine association categories for the ichthyofauna assemblages associated with 

Taylor' s intertidal salt marsh creek and adjacent eelgrass beds for the period August 1992 to May 

1994. 

The overall diversity of fishes in the eelgrass and creek was similar, with the eelgrass assemblage 

having a slightly higher diversity (mean Shannon-Wiener index= I. 53, SD=0.39) than the creek 

(mean Shannon-Wiener index=l.43, SD=0.39). Seasonal patterns in fish diversity were reversed 

(Figure 4. 7) with the highest fish diversity and evenness in the intertidal creek occurring in 

summer and decreasing in winter. In contrast, diversity and evenness in the eelgrass was highest 

in autumn and winter, with a lower diversity in summer (Figure 4.7). 
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Figure 4.7 Seasonal diversity (Shannon-Wiener) and evenness (Pielou) indices for the fish 

communities associated with Taylor' s intertidal salt marsh creek and adjacent eelgrass beds from 

winter 1992 to autumn 1994. 

The ichthyofaunal communities in both the eelgrass and intertidal creek habitats were dominated 

by juvenile fishes (Table 4.2), with the same numerically dominant species in each habitat having 

similar average lengths (Table 4.2). In the eelgrass ichthyofaunal community all the adult fishes 

were estuarine species. Similarly in the intertidal creek ichthyofaunal assemblage the majority of 

the adult fishes were estuarine species but adult mullet were also recorded (Table 4 .2). 

Classification and ordination: Classification of the fish samples collected in both the eelgrass and 

creek habitats, using the mean densities of each species, resulted in all samples being separated 

according to those obtained in the creek and those collected in the eelgrass, indicating that the 

two fish communities were very distinct (Figure 4.8). The rv:IDS ordination results complemented 

those of the classification with two very clear groups being identified (Figure 4.9). The ANOSIM 

(Analysis of Similarity) test showed a significant difference (R=0.974, P<O.OOl) between the 

eelgrass and creek groupings. The best discriminating species resulting in the two groupings were 

R. holubi, L. dumerilii, G. aestuaria, A. breviceps, C. gilchristi and S. acus (Table 4.3). 
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Table 4.2 Average length, standard deviation, range and life-history stages of the fifteen 

dominant fish taxa in both Taylor's intertidal salt marsh creek and adjacent eelgrass beds for the 

period August 1992 to May 1994. 

Taxa 

Intertidal creek 

Lizo dumerilii 

Mugilidae (< 20 mm) 

Mugil cepholus 

Rhobdosorgus holubi 

Gilchrlstella oestuorio 

Ather/no breviceps 

Psommogobius knysnoensis 

Pomodosys commersonnii 

Glossogobtus collidus 

Lizo tricuspidens 

Diplodus sorgus 

Lfzo richordsonfl 

Caffrogobius notolensis 

Myxu:r capensis 

Terapon j'arbua 

Adjacent eelgrass beds 

Rhobdosargus holubi 

Ather/no brevlceps 

Caffrogobius natalensis 

Gilchristella aeshtorio 

Glassogobius callidus 

Coffrogobius gilchrish' 

Caffrogobtus nudiceps 

Diplodus sorgus 

Syngnothus acus 

Mugilidae (< 20 mm) 

Clinus superciliosus 

Pomadosys olivaceum 

Monodactylus folciformis 

Sigonus sutor 

Soleo bleeker/ 

Overall 

rank 

2 

3 

3 

5 

6 

7 

7 

9 

10 

11 

12 

12 

14 

15 

2 

3 

4 

s 

6 

7 

8 

9 

10 

10 

12 

13 

14 

14 

Nwnber Measured Average SD 

length 

14527 

19746 

5901 

1400 

7911 

2165 

2057 

381 

348 

840 

3637 

51 

123 

148 

345 

6375 

2638 

60S 

5305 

449 

467 

169 

312 

122 

388 

122 

42 

41 

74 

25 

2786 

2090 

1345 

1317 

1068 

932 

1310 

267 

348 

611 

448 

51 

123 

139 

342 

3725 

2126 

605 

2291 

449 

467 

169 

312 

122 

388 

122 

42 

41 

74 

25 

77 

mrn 

44.2 

14.4 

23.5 

23.0 

29.3 

33.9 

25.7 

49.5 

27.9 

33.1 

9.6 

169.4 

39.7 

26.7 

21.7 

18.6 

34.1 

33.5 

28.7 

32.8 

34.5 

45.8 

15.6 

116.3 

11.9 

51.7 

48.7 

25.5 

25.2 

41.9 

32.7 

5.4 

4.8 

19.1 

4.3 

8.5 

7.4 

55.5 

7.0 

8.2 

3.8 

89.7 

15.8 

28.0 

7.6 

16.3 

9.4 

13.6 

4.3 

11.1 

13.0 

13.3 

11.6 

41.8 

10.0 

18.2 

13.9 

16.1 

14.1 

12.5 

Range Dominant life

history stages 

20 - 232 Juveniles 

4 - 20 Juveniles 

20 - 64 Juveniles 

6- 161 Juveniles 

8- 47 Juveniles I Adults 

14 - 68 Juveniles I Adults 

10 - 73 Juveniles I Adults 

19 - 196 Juveniles 

10- 63 Juveniles I Adults 

20 • 122 Juveniles 

4 • 51 Juveniles 

25 - 305 Juveniles I Adults 

7 • 93 Juveniles I Adults 

20 - 265 Juveniles 

6 • 45 Juveniles 

4 - 130 Juveniles 

8 - 75 Juveniles I Adults 

14 • 78 Juveniles I Adults 

8 • 79 Juveniles I Adults 

10 -76 Juveniles I Adults 

13 • 88 Juveniles I Adults 

18 - 84 Juveniles I Adults 

5 - 64 Juveniles 

10 • 221 Juveniles I Adults 

6.3 - 16 Juveniles 

17 - 123 Juveniles I Adults 

36 • 86 Juveniles 

6 - 88 Juveniles 

17 - 81 Juveniles 

25 • 58 Juveniles I Adults 



Table 4.3. The fifteen dominant species, and related data, contributing to the total average 

dissimilarity between the eelgrass and creek groupings in Figure 4.8. 

Taxa Ave. Abundance Average term Ratio Percent Cumulative 

No. per 10 m1 0/o 

Creek Eelgrass 

Rhabdosargus holubi ~ 0.4 26.0 4.5 1.9 7.4 7.4 

Liza dumerilii * 3.7 <0.1 4.3 3.1 7.1 14.5 

Gilchristella aestuaria ~ 2.0 18.5 3.8 1.4 6.3 20.8 

Atherina breviceps • 0.6 9.7 3.5 2.0 5.8 26.6 

Caffrogobius gilchristi " 0.1 1.7 3.3 2.5 5.4 32.0 

Caffrogobius natalensis <0.1 2.4 2.7 1.9 4.5 36.5 

Syngnathus acus * <0.1 0.5 2.5 2.5 4.2 40.7 

Diplodus sargus 0.9 1.0 2.4 1.7 4.0 44.7 

Mugil cephalus 1.5 0.4 2.4 1.3 4.0 48.7 

Psammogobius knysnaensis 0.5 <0.1 2.3 2.0 3.9 52.6 

Glossogobius cal/idus 0.1 1.7 2.2 2.0 3.7 56.3 

Mugilidae (< 20 nun) 5.0 1.3 2.2 1.8 3.6 59.9 

Caffrogobius nudiceps <0.1 0.5 2.2 2.1 3.6 63.5 

Caffrogobius superciliosus <0.1 0.4 2.0 1.8 3.3 66.8 

Liza tricusp_idens 0.2 <0.1 1.6 1.3 2.7 69.5 
The average term is the x Bray-Curtis contribution of each species in distinguishing the two groups. The ratio is the average 

term divided by its standard deviation. A good discriminating taxon(*) is one which has a high average and a high ratio. The 

percentage and cumulative percentage are the percent contributions made by each taxon to the dissimilarity between groups. 

Using both classification and ordination techniques as well as the ranking index it is apparent that 

some species were common in both habitats e.g. G. aestuaria, A. breviceps, R. holubi, G. callidus 

and D. sargus. Some of these generalist species e.g. R. holubi, G. aestuaria and A. breviceps 

were also good discriminating species (Table 4.3). While being common to both habitats they 

were found in far higher densities in eelgrass, thus having a greater affinity for this habitat. Several 

of the other species also showed clear habitat preferences with L. dumerilii, L. tricuspidens, M 

cephalus, P. knysnaensis and P. commersonnii being found predominantly in the creek. The 

dominant eelgrass specific species were all estuarine species, namely C. natalensis, C. gilchristi, 

C. nudiceps, S. acus and C. superciliosus. 
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Figure 4.8 Dendrogram showing classification of 30 samples, 15 from Taylor's intertidal salt 

marsh creek and 15 from the adjacent eelgrass beds, based on densities of fishes from the period 

August 1992 to May 1994. Two main groups are distinguished at a similarity level of 40%. 
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Figure 4.9 Ordination of30 samples, 15 from Taylor's intertidal salt marsh creek and 15 from 

the adjacent eelgrass beds, using multidimensional scaling on the same similarity matrix as Figure 

4.8. 
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4.4 DISCUSSION 

Both Taylor's creek and the adjacent eelgrass beds function as nursery areas for marine and 

estuarine fishes in the Kariega Estuary. The nursery function of both eelgrass (Beckley 1983, 

Whitfield eta!. 1989, Bell & Pollard 1989) and salt marsh creeks (Cain & Dean 1976, Bozeman 

& Dean 1980, Weinstein & Brooks 1983) in other estuarine systems is well established. The 

average lengths and dominant life-history stages for the same species occurring in both Kariega 

habitats was very similar and there was little evidence of ontogenetic distributional changes by any 

species between the two habitats, as found for spot (Leiostomus xanthurus) in Hungars Creek, 

Chesapeake Bay (Weinstein & Brooks 1983 ). The contrasting species assemblages within the two 

environments indicates that each habitat provides a distinctive nursery area for different fish 

spectes. 

The ichthyofaunal communities associated with the creek and eelgrass habitats differed 

considerably with respect to total density, total abundance, dominant families and dominant 

species. While there were generalist species which occurred in both habitats, there were also a 

number of dominant taxa in each region which exhibited very clear habitat preferences. Other 

comparative studies between eelgrass and unvegetated regions in estuaries (Ferell & Bell 1991, 

Connolly 1994a) indicate differences in species assemblages between the two habitats. Similarly, 

different faunal assemblages have characterized tidal creeks and eelgrass beds (Weinstein & 

Brooks 1983, Sogard & Able 1991) with both the creek and eelgrass habitats comprising a 

mixture of habitat specialists as well as ubiquitous species which showed no site specific 

preferences (Weinstein & Brooks 1983). 

The diversity of the fish communities in the eelgrass and creek habitats were very similar, with 

each supporting a similar number of species. This similarity in diversity is contrary to findings of 

other comparative works. Weinstein & Brooks (1983) reported that a basic difference between 

the two habitats was the much higher species diversity associated with the structurally complex 

sea meadow, while Sogard & Able (1991) found that marsh creeks supported high densities of 

fishes but only for a few species that were common in other habitats. 
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There is a close relationship between the life-history style adopted by a fish and its estuarine 

association category. In general, estuarine species (Table 2.2) possess many stenotopic 

characteristics. They have a narrow habitat range, narrow distribution, are sedentary, have a small 

body size, small populations, are precocial and can be broadly classified as specialists (Whitfield 

1994d). Marine transient species (Table 2.2) tend towards eurytopy, have a broad habitat 

tolerance range, wide distribution, high mobility, large body size, large populations, are altricial 

and can be broadly classified as generalists (Whitfield 1994d). Many of the stenotopic species (e.g. 

Syngnathus acus and Clinus superciliosus) are closely associated with eelgrass, indicating that 

the eelgrass habitat is probably one of the more stable habitats in a generally unpredictable 

environment. Certainly in comparing Taylor's eelgrass and creek as habitats for fishes, the creek 

is a harsher environment, lacking in cover and the ichthyofauna are forced to move away over the 

low tide. Although the area available to eelgrass associated fishes may be reduced during low tide 

they do not have to move into the main channel. When the total ichthyofauna in each habitat is 

classified using Whitfield's (1994b) estuarine association categories the creek ichthyofauna is 

dominated by eurytopic marine fishes, which include marine transient and catadromous species 

(Table 2.2), while the eelgrass is dominated by estuarine fishes. One of the life-history traits which 

could explain the above differences is the mobility of the different species, with many of the 

estuarine species being relatively sedentary and consequently restricted to the eelgrass. In contrast 

eurytopic marine species are far more mobile and thus able to utilize the intertidal creek when it 

is available. 

The mechanism by which different species avoid detection and predation is important in their 

habitat utilization patterns. Eelgrass is a structurally complex habitat that permits species the 

opportunity to employ cryptic mechanisms to blend into the background structure, while the creek 

environment, which is unvegetated, forces fishes to utilize other protective measures such as 

schooling. Many species (e.g. Syngnathus acus) have evolved very specific habitat needs which 

restrict them to one habitat. As found by Bell and Pollard (1989) in their review of fishes utilizing 

eelgrass and unvegetated areas, the Kariega eelgrass beds had significant numbers of small species 

with cryptic habits (e.g. Clinus superciliosus, Syngnathus acus, Ca.ffrogobius species), while the 

creek was frequented by species gaining protection through schooling or by camouflage against 

the sediments (e.g. Mugilidae, Psammogobius knysnaensis). 
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Significant differences were found in the density and standing stock of fishes in the eelgrass and 

creek habitats, with the eelgrass having a far higher density and standing stock of fishes. While 

these two habitats were sampled using different gear types, the trends exhibited are regarded as 

valid because the eelgrass values (which were a more conservative estimate) were far higher than 

those of the creek, which utilized an absolute sampling method. Envirorunental factors such as 

temperature (Caulton 1978), turbidity (Blaber & Blaber 1980, Cyrus & Blaber 1987a,b) and 

salinity (Whitfield et a/. 1994) often structure fish communities. The envirorunental factors 

measured in the eelgrass and creek during this study showed very little, if any, differences between 

the two habitats and were unlikely to have resulted in the differences between the ichthyofaunas. 

The higher fish abundance in eelgrass compared to an unvegetated habitat has been borne out by 

a number of other South African (Branch & Grindley 1979, Beckley 1983) and international 

studies (reviewed in Bell & Pollard 1989, Orth 1992). Our results do not concur with the studies 

of Weinstein & Brooks (1983) and Sogard & Able (1991) which dealt specifically with 

comparisons between tidal creeks and eelgrass beds. These authors found that the eelgrass had 

a more diverse ichthyofauna but overall abundance was higher in the creek. However, the greater 

abundance of fishes in these marsh creeks was attributed to the very high densities of only one or 

two species. 

The fact that eelgrass beds are more attractive habitats for fishes and other estuarine nekton than 

bare substrata (Bell & Pollard 1989, Orth 1992) has been ascribed to characteristics of the 

seagrass habitat. Seagrass canopies provide shade, reduced water currents and increased surface 

area (Bell & Pollard 1989), while the rhizome mat of seagrasses provides further habitat 

complexity (Orth et al. 1984, Orth 1992). These attributes, together with high primary 

productivity, are presumed to provide an abundant and varied supply of food, as well as 

protection from predators. The refuge function of vegetated and unvegetated habitats to nekton 

has received a lot of attention, with studies showing positive relationships between vegetation 

parameters (e.g. shoot density, biomass or complexity) and prey survivorship (Heck & Thoman 

1981, Savino & Stein 1982, Gotceitas & Colgan 1987). 
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In explaining large differences in abundances between the ichthyofaunas of an eelgrass bed 

(vegetated) and creek (unvegetated) habitat, the role that predation or threat of predation plays 

in structuring the ichthyofaunal assemblages of the two habitats must be questioned. 

For predation to be a factor resulting in lower densities of fishes in Taylor's creek in comparison 

to the nearby eelgrass beds there should be either a higher threat of predation or higher mortalities 

within the creek habitat. Abundant Eastern Cape piscivorous fishes such as Argyrosomus 

japonicus, Elops machnata and Lichia amia were however not caught in the intertidal creek, 

whereas these species were relatively common in the main estuary channel adjacent to the eelgrass 

beds (Chapter 7). Similarly, large piscivorous fishes were uncommon in samples from other creek 

studies (Shenker & Dean 1979, Reis & Dean 1981, Rozas & Hackney 1984). This avoidance of 

the shallow areas in estuaries by large piscivorous fishes may be a consequence of increased 

vulnerability to avian or mammalian predation, decreased foraging ability or increased 

physiological stress due to elevated temperatures or reduced oxygen levels (Ruiz et al. 1993). An 

additional reason for the lack ofpiscivorous fishes in Taylor's creek might be the restricted access 

to the creek through the narrow mouth. Fish mortalities may also arise from crustacean, 

conspecific fish predation and bird predation. Results of the feeding and predation studies 

(Chapter 7) in intertidal creeks in the Kariega Estuary do however indicate that the level of 

predation by these components is most likely negligible (Chapter 7). 

The mechanisms for predation resulting in differences in abundances of nekton in unvegetated and 

vegetated areas has been intensely debated (Bell & Pollard 1989, Orth 1992). If predation is 

regarded as a proximate cause of differential abundances between habitats, as suggested by Heck 

and Orth's (1980) predation model, then differential mortality is needed between the vegetated 

and unvegetated habitats. Although no direct measure of differential mortality was obtained for 

the ichthyofauna frequenting Taylor's creek in comparison to the eelgrass, evidence presented 

above implies a low predation pressure within the intertidal creek habitat even though it is 

structurally simple. Evidence exists (Bell & Westoby 1986a,b,c, Bell et al. 1987) to show that 

predation is the agent driving selection for correct habitat choice and not the direct cause oflow 

fish abundance in poor cover (Bell & Pollard 1989). If this is true, then the higher abundance of 

fish in the eelgrass habitat compared to the creek was due to the fish recognising the eelgrass as 
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a superior refuge and not necessarily due to differential mortalities between each habitat. An 

interesting finding is the higher densities of fishes in creeks compared to other unvegetated 

shallow water regions elsewhere in an estuary (Sogard & Able 1991 ). In the Kariega Estuary the 

unvegetated sand banks outside Grant's marsh were found to have similar dominant species but 

far lower ichthyofaunal density than in Grant's creek itself (Paterson & Whitfield unpublished 

data). These observations indicate that the creek habitat offers some element which is attractive 

to certain juvenile fishes and is unavailable in the unvegetated shallow water region near the creek. 

This element could be that fishes recognise the creek as a potential refuge due to the low numbers 

or absence of predators associated with this environment. 

Another reason why there may be higher abundances of fishes in eelgrass beds than in unvegetated 

areas is food availability. Fish feeding in eelgrass has been well documented (reviewed in Klumpp 

et al. 1989, Bell & Pollard 1989) and for the majority of eelgrass associated species planktonic 

and epifaunal crustaceans are the important foods. Eelgrass fish communities do not appear to be 

food limited as the total annual food production in the beds is greater than the total annual food 

consumption by the eelgrass macrofauna (Adams 1976b). The feeding studies conducted in 

Taylor's creek indicated that the vast majority of fishes that frequent the system do not feed 

extensively (Chapter 7). This is in contrast to other studies where fishes were found to feed in 

tidal creeks and on the marsh surface (Kleypas & Dean 1983, Morton et al. 1987, Rozas & 

LaSalle 1990, Allen eta!. 1995, Knieb 1997b). 
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Chapter 5 

Spatial variation in the fish assemblages associated 
with three intertidal salt marsh creeks and their 

adjacent eelgrass beds 



5.1 INTRODUCTION 

Research has indicated that intertidal and subtidal salt marsh creeks are utilized by significant 

numbers of resident estuarine and transient marine fishes with 0+ juveniles forming a very 

important and conspicuous component of the total ichthyofauna (Cain & Dean 1976, Weinstein 

1979, Weinstein eta!. 1980, Bozeman & Dean 1980, Rountree & Able 1992). In addition, 

comparative studies between salt marsh creeks and adjacent eelgrass beds (Weinstein & Brooks 

1983, Sogard & Able 1991) have demonstrated that salt marsh creeks support a higher density, 

but lower diversity offishes than eelgrass beds. 

In southern Africa only three studies have been undertaken on salt marsh ichthyofauna and all 

have been on Taylor's intertidal salt marsh creek (Chapters 2- 4). The ichthyofauna frequenting 

Taylor's creek was found to be dominated by juvenile marine species, indicating that this habitat 

may be an important nursery area for certain families e.g. mugilids. In contrast to other 

comparative studies (Weinstein & Brooks 1983, Sogard & Able 1991) Taylor's creek was found 

to have a lower density and standing stock of fishes compared to the bordering eelgrass beds 

(Chapter 4). The diversity of the ichthyofaunal communities in both the eelgrass and intertidal 

creek habitats was found to be similar but the species compositions were distinct. 

The above results, while being validated over a temporal scale, were spatially restricted as all the 

studies were confined to one site. This chapter endeavours to examine whether these findings 

apply to a range of intertidal salt marsh creek systems and their adjacent eelgrass beds within the 

Kariega Estuary. The specific aims of the study were to: 

1) Establish whether intertidal salt marsh creeks within the Kariega Estuary have similar 

ichthyofaunal community structures with respect to species composition, density, standing 

stock and diversity. 

2) Verify if eelgrass beds and intertidal creeks are utilized by distinct fish communities with 

eelgrass beds having a greater overall density but similar diversity of fishes. 
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5.2 MATERIALS AND METHODS 

SAMPLE SITES 

Three salt marsh systems were sampled in this study, namely Taylor' s, Grant's and Galpin's 

marshes. Grant's salt marsh is found closest to the estuary mouth and its marsh flats are 

dominated by Spartina maritima and Sarcocomia perennis. The intertidal creek is unvegetated, 

has an area of 3756 m2 and consists of three main branches, all of which meet at one single 

opening to the estuary (Figure 5.1). The creek system is narrow (mean width=8.0 m) and 

relatively shallow (mean spring high tide depth=74 em). The intertidal banks adjacent to the creek 

mouth are unvegetated with the closest eelgrass beds being on the opposite channel bank. 

Taylor's salt marsh is the middle marsh and its marsh flats are dominated by Sarcocomia 

perennis. This marsh is characterized by having a single intertidal creek which has an area of2608 

m2 and only one opening into the estuary (Figure 5.2). Taylor's intertidal creek is similar to 

Grant's creek in that it is narrow (mean width=5.2 m) and shallow (mean spring high tide 

depth=50 em). The intertidal creek is unvegetated while the estuary banks adjoining the creek 

mouth are dominated by the eelgrass Zostera capensis. 

Galpin's marsh is unlike Grant's and Taylor's marshes in that it is attached to a small estuarine 

embayment rather than the main channel (Figure 5.3). The salt marsh flats are dominated by 

Spartina maritima and Sarcocomia perennis and there are few high marsh pools. The intertidal 

creek covers an area of3343 m2 and is wider(mean width=l5.2 m) and deeper (mean spring high 

tide depth=106 em) than the other two marsh creeks. Unlike the other creeks, Grant's intertidal 

creek has a number of patches of eelgrass Zostera capensis growing in its channel (Figure 5.3). 

Extensive eelgrass beds are also found in the embayment (Figure 5.3). 

SAMPLING PERIODICITY 

Samples were collected quarterly over one year between November 1992 and August 1993. On 

each occasion all three marshes were block netted and their adjacent eelgrass beds seined. Netting 

occurred over the dawn spring high tide with one creek and adjacent eelgrass bed being sampled 

daily. Sampling was conducted over three consecutive days in an attempt to limit the effect of 

temporal variability on physico-chemical and ichthyofaunal parameters. 
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Figure 5.1 a) Photograph of Grant's salt marsh with the Kariega Estuary in the background. 

b) Line drawing of Grant's intertidal salt marsh creek. 

87 



a 

b 

Taylor's salt marsh 

10m 
l..-..J 

Figure 5.2 a) Photograph of Taylor's salt marsh with the Kariega Estuary in the foreground. 

b) Line drawing of Taylor's intertidal salt marsh creek. 
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Figure 5.3 a) Photograph of Galpin's salt marsh with the Kariega Estuary in the background. 

b) Line drawing of Galpin's intertidal salt marsh creek. 
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FIELD SAMPLING 

At the slack high tide a block net was placed across the mouth of one of the three creeks and all 

the fishes were collected as the tide receded (see Chapter 2). Immediately after the block net had 

been deployed the eelgrass beds adjacent to the creek system were seined. The proximity of the 

tidal creek and eelgrass beds means that differences in the fish assemblages between the habitats 

should be due to habitat selection and preference and not random distribution patterns (Weinstein 

& Brooks 1983). A total of four sites were seined in each eelgrass bed using a 5 m long, 2.5 m 

deep seine net with a 2. 5 mm stretch mesh. The area of eelgrass bed sampled was calculated after 

each haul. 

Selected physical and chemical parameters were recorded on the high tide at four fixed locations 

in the creek and at the four eelgrass seining sites. Water temperature CCC) was measured in situ 

and water samples were collected so that salinity and turbidity (NTU) could be measured in the 

laboratory using an optical salinometer and turbidimeter. Water depths (em) were measured along 

the centre of the creek as well as in the creek mouth. 

SAMPLE ANALYSIS 

Sample analysis follows that in Chapter 2. 

DATA ANALYSIS 

Density and standing stock: Fish density and standing stock were calculated for each creek by 

dividing the total number and mass of fishes by the creek area. The density of fishes was 

calculated for each eelgrass bed by dividing the total number of fishes caught by the area seined. 

Two-way ANOVA tests for single observations (Fowler & Cohen 1993) in conjunction with 

Tukey multiple range tests (a posteriori) were used to determine whether density and standing 

stock were significantly different between creeks over the four sampling periods. Cochran C tests 

were undertaken and where the data was found to be heteroscedastic, a log transformation was 

undertaken. 
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Ichthyofaunal composition: The dominant ichthyofauna utilizing each of the three creek systems 

was determined as follows. All samples were pooled for each creek and the total density and 

standing stock of each species was ranked. The percentage composition of the top fifteen species 

in each creek was also calculated. The same procedure was adopted for the eelgrass fauna but 

only density data were used. 

Estuarine association categories (Table 2.2) were assigned to each species and the percentage 

contribution of each estuarine association group was calculated for the fish community in every 

creek using both density and standing stock data. Diversity indices were calculated for each 

season for the fish communities found in each creek and eelgrass bed. The Shannon-Wiener 

species diversity index (H') and Pielou's evenness index (f) were used (Washington 1984). Length 

frequency histograms were constructed for the dominant estuarine and marine transient fish 

species which were common in all three of the creeks. 

Classification and ordination: The mean ichthyofaunal density data collected in the three creeks 

and adjacent eelgrass beds (n=24 samples) were root-root transformed. An association matrix was 

produced using the Bray-Curtis similarity measure, from which classification and ordination 

procedures were conducted. The similarity matrix was classified using hierarchical agglomerative 

clustering with group average linking, while ordination used multidimensional scaling (MDS) 

techniques (Clarke & Warwick 1994). The environmental variables temperature, salinity, turbidity, 

channel depth and cross-sectional mouth area were superimposed on an ordination produced by 

the creek fish community. This method, first proposed by Field et al. (1982), allows for a simple 

examination of which environmental parameters may be important in influencing the biotic 

groupings produced by multidimensional scaling techniques. 

A two-way crossed ANOSIM was used to test if there was an overall difference between the 

ichthyofaunal communities (density data) over time and between the eelgrass and creek habitats 

in the Kariega Estuary. A two-way ANOSIM (no replication- using weighted Spearman rank) 

was used to test if there was a significant difference between the fish communities (density data) 

over time and between each of the three creeks (Clarke & Warwick 1994). 
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5.3 RESULTS 

INTER-CREEK COMPARISON 

Physico-chemical: The water parameters measured indicated a high degree of similarity between 

the creek systems. Water temperature showed a typical seasonal pattern varying between 14 oc 
and 22 °C (Table 5.1). Full seawater salinities prevailed in all samples except the spring sample 

in Taylor's creek which was 32 (Table 5.1). The creeks all had very low turbidities which is 

characteristic of marine dominated southern African estuarine systems (Table 5.1). Average 

channel water depths varied between the creeks (Table 5.1), with Taylor's creek being the 

shallowest, Grant's intermediate and Galpin's the deepest. The cross-sectional mouth area 

followed a similar pattern, with Galpin's creek mouth always having the largest cross-sectional 

area. 

Table 5.1 Physico-chemical parameters (mean and standard deviation) recorded in Taylor's, 

Grant's and Galpin's intertidal salt marsh creeks between November 1992 and August 1993. 

Season Parameter Taylor's Creek Grant's Creek Galpin's Creek 

Spring Temperature ("C) 20.1 (:1: 0.2) 20.1 (:1: 0.5) 20.6 (:1:0.5) 

Salinity 32.2 (:1: 0.4) 35.0 (:1: 0.0) 35.0 (:1: 0.0) 

Turbidity (NTU) 16.8 (:1: .5.0) 14.8 (± 1.9) 14.6 (± 5.2) 

Channel depth (em) 39.2 (± 10.8) 60.4 (± 10.7) 108.3 (± 12.7) 

Mouth area (m1
) 5.5 9.3 17.0 

Summer Temperature ("C) 22.2 (:1: 0.4) 19.8 (:1: 0.2) 22.5 (:1: 0.1) 

Salinity 34.8 (± 0.4) 35.0 (± 0.0) 34.8 (:1: 0.4) 

Turbidity (NTU) 9.2 (± 3.3) 5.0 (:1: 1.6) 10.8 (:1: 3.0) 

Channel depth (em) 56.2 (:1: 10.8) 83.3 (:1: 10.7) 103.4 (:1: 12.7) 

Mouth area (m1
) 6.7 12.5 16.2 

Autumn Temperature (°C) 17.4 (± 0.2) 17.5 (± 0.0) 17.5 (:1: 0.0) 

Salinity 35.0 (:1: 0.0) 35.0 (±0.0) 35.0 (±0.0) 

Turbidity (NTU) 6.6 (:1: 1.3) .5.2 (:1: 1.3) 5.2 (:1: 2.3) 

Channel depth (em) 51.2 (± 10.8) 75.2 (:1: 10.7) 108.7 (± 12.7) 

Mouth area (m1
) 6.3 ll.5 17.0 

Winter Temperature ("C) 14.9 (± 0.2) 14.4 (:1: 0.5) 14.7 (:1: 0.3) 

Salinity 35.0 (± 0.0) 35.0 (:1: 0.0) 35.0 (:1: 0.0) 

Turbidity (NTU) 7.8 (± 1.5) 5.8 (± 1.3) 13.2 (± 1.3) 

Channel depth (em) 55.3 (± 10.8) 77.3 (:1: 10.7) 106.4 (:1: 12.7) 

Mouth area (m1
) 6.6 11.7 16.6 
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Density and standing stock: A total of 172 940 individuals were caught during this study with 

16 979 being netted in Taylor's creek, 37 715 in Grant's creek and 118 246 in Galpin's creek. The 

total mass of fishes was 462 416 g, with 26 469 g being netted in Taylor's creek, 45 341 g in 

Grant's creek and 390 606 gin Galpin's creek. 

The fish densities in both Taylor's creek (mean=l6.3 per 10 m2
, SD=5.8) and Grant's creek 

(mean=25.1 per 10m2
, SD=12.5) were similar (Figure 5.4). Galpin's creek had a considerably 

higher fish density than the other two creeks (mean=88.4 per 10m2
, SD=81.3) and also displayed 

the greatest variability (Figure 5.4). A two-way ANOVA indicated that the density of fishes was 

not significantly different over time (p=0.32) but was significantly different between sites 

(p=0.03). A Tukey multiple range test indicated that at the 95% confidence level the ichthyofaunal 

density in Taylor's creek was significantly different to that in Galpin's creek but not significantly 

different to that of Grant's creek. 
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Figure 5.4 Density and standing stock of fishes recorded in Taylor's, Grant's and Galpin's 

intertidal salt marsh creeks for the period November 1992 to August 1993. 
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The standing stock of fishes found in each of the creeks followed an analogous trend to that of 

ichthyofaunal density (Figure 5.4). The standing stocks in Taylor's creek (mean standing 

stock=25.4 g per 10m2
, SD=5.8) and Grant's creek (mean standing stock=30.2 g per 10m2

, 

SD=22.0) were very similar, while Galpin's creek had a considerably higher fish biomass (mean 

standing stock=292.1 g per 10m2
, SD=140.6). A two-way ANOVA indicated that there was no 

significant difference in the standing stock of fishes in the creeks over time (p=O. 7 4) but a highly 

significant difference between sites (p=0.001). A Tukey multiple range test indicated that at the 

95% confidence level the fish standing stocks found in Taylor's and Grant's creeks were 

significantly different to those recorded in Galpin's creek. 

Ichthyofaunal composition: In terms of numbers, the Mugilidae were the most important family 

in both Taylor's and Grant's creeks where they comprised 76% (6 species) and 70% (6 species) 

of the overall fish community. In Galpin's creek the Clupeidae (53%) were dominant, but were 

represented by only one species (viz. Gilchristel/a aestuaria). The mugilids were the next most 

dominant family (6 species) in Galpin's creek, comprising 36% of the community. When 

examining the dominant ichthyofaunal families according to standing stock, the mugilids were by 

far the dominant family, comprising 78% of the total mass of fishes in Taylor' s creek, 84% in 

Grant's creek and 77% in Galpin's creek. 

At the species level Liza dumerilii ranked first or second in terms of density in all three creeks 

(Table 5.2) with the other dominant species being Gilchristella aestuaria, Atherina breviceps, 

Mugil cephalus and Rhabdosargus holubi. In terms ofbiomass Liza dumerilii was also the most 

dominant species, being ranked first in all three creeks (Table 5.3). The diversity of :fishes in the 

creeks displayed a similar trend to that of density and standing stock, in that Taylor's and Grant's 

creeks were the most similar (Table 5.4). Taylor's creek had 29 confirmed species and a mean 

diversity of 1.5 (SD=0.4) while Grant' s creek had 30 confirmed species and a mean diversity of 

1.5 (SD=0.2). Galpin's creek had the highest number of confirmed species (49 species) but the 

lowest diversity 1.2 (SD=0.4) (Table 5.4). 
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Table 5.2 Mean density, rank and percentage composition of the 15 dominant fish taxa recorded in 

Taylor's, Grant's and Galpin's intertidal salt marsh creeks between November 1992 and August 1993 

(P=present, A=absent, T=Taylor's creek, Gr=Grant's creek, G=Galpin's creek). 

Taylor's Creek Grant's Creek Galpin's Creek 

Species No. per Rank 0/o No. per Rank % No. per Rank 0/o 

10m2 10m2 10m2 

Mugilidae (< 20 nun) 7 .21 44.3 6.39 2 2.5.4 1..5.5 .5 1.8 

Liza dumerilii 4.37 2 26.7 8.80 3.5.0 26.1 1 2 29 . .5 

Gi/christellcJ aestuaria 1.06 3 6.5 p 47.20 .53.2 

Atherina breviceps 0.91 4 .5.6 2.20 4 8.8 0.96 7 1.0 

Psammogobius knysnaensis 0.87 .5 5.3 3.31 3 13.2 0.14 12 0.2 

Mugil cephalus 0.64 6 3.9 0.52 7 2.1 3.12 4 3 . .5 

Rhabdosargus holubi 0.4.5 7 2.8 0.41 8 1.6 .5.74 3 6.5 

Liza tricuspidens 0.13 8 0.7 1.61 5 6.4 0.93 8 1.1 

Teraponjarbua 0.12 9 0.7 p 0.14 13 0.2 

Glossogobius callidus 0.11 10 0.7 0.09 11 0.4 1.05 6 1.2 

Myrus capensis 0.10 11 0.6 0.21 10 0.9 p 

Diplodus sargus 0.04 12 0.3 0.2.5 9 1.0 p 

Pomadasys o/ivaceum 0.04 12 0.3 A p 

Caffrogobius natalensls 0.03 14 0.2 0.0.5 14 0.2 p 

Solea bleeker/ 0.02 1.5 0.2 p p 

Sarpasalpa p 0.91 6 3.6 p 

Liza richardsonfl p 0.07 12 0.3 0. 1.5 11 0.2 

Monodacty/us fa/ciformis p 0.06 13 0.2 0.64 9 0.7 

Rhabdosargus globlceps p 0.03 15 0.1 p 

Pomadasys commersonnl/ p p 0.16 10 0.2 

Crenimugil crenilabis p p 0.11 14 0.1 

Cajfrogobius gilchristi p p 0.10 15 0.1 

Other species recorded: Acanthopagrus berda co>, Ambassis gymnocephalus CO), Amblyrhynchotes honckenii car.o>, Argyrosomus 

japonicus (Gl,Arothron hispidus co>, Cajfrogobius nudiceps cr.o>, Caranx ignobilis <0>, Caranxsexfosciatus co>, Clinus superciliosus (T.ar), 

Diplodus cervinus cr.or.ol, Elops machnata (T.Or.oJ, Galeichthys feliceps co>, Hemiramphus far COl, Heteromycteris capensis (Grl, 

Hyporhampus capensis co>, Lichia amia co>, Lithognathus lithognathus CT.Or,Gl, Lutjanus fluviflamma col, Lutjanus monostigma <0>, 

Monodactylus argenteus <0>, Ophisurus serpens col, Omobranchus woodi car.oJ, Oreochromis mossambicus cr.or.oJ, Pomatomus saltatrix 

(T,OJ, Saurida gracilis (T.o), Scomberoides lysan COl, Scomberoides to/ cor), Seriola lalandi CGJ, Siganus sutor car.o), Torpedo fuscomaculata 

co>, Trachuros trachuros co>. 

95 



Table 5.3 Mean standing stock, rank and percentage composition of the 15 dominant fish taxa recorded 

in Taylor's, Grant's and Galpin's intertidal salt marsh creeks between November 1992 and August 1993 

(P=present, A=absent, T=Taylor's creek, Gr=Grant's creek, G= Galpin's creek). 

Taylor's Creek Grant's Creek Galpin's Creek 

Species Grams Rank 0/o Grams Rank 0/o Grams Rank 0/o 

per 10m2 per 10m2 per 10m2 

Llza dumerilii 11.25 44.3 21.81 72.3 152.90 52.3 

Llza richardsonii 4.39 2 17.3 0.16 9 0.5 38.00 2 13.0 

Mugil cephalus 3.73 3 14.7 0.85 6 2.8 32.70 3 11.2 

Rhabdosargus holubi 1.83 4 7.2 1.42 4 4.7 23.91 5 8.2 

Pomadasys commersonnii 1.68 5 6.6 0.09 10 0.3 26.33 4 9.0 

Atherina brevlceps 0.68 6 2.7 1.62 3 5.4 0.5 11 0.2 

Mugilidae ( < 20 rom) 0.36 7 1.4 0.69 7 2.3 0.32 14 0.1 

Gilchristella aestuarla 0.35 8 1.4 p 12.70 6 4.4 

Psammogobius knysnaensis 0.31 9 1.2 1.05 5 3.5 p 

Pomadasys olivaceum 0.29 10 1.2 A p 

Liza trtcuspidens 0.10 11 0.4 1.74 2 5.8 0.98 7 0.3 

Caffrogobfus natalensis 0.07 12 0.3 0.06 12 0.2 p 

Caffrogobius gilchrlsti 0.06 13 0.3 p p 

Diplodus cervlnus 0.05 14 0.2 0.08 11 0.3 p 

Dlplodus sargus 0.04 15 0.2 0.25 8 0.8 p 

Glossogobius ca/lldus p 0.06 12 0.2 0.72 8 0.3 

Myxus capensls p 0.06 12 0.2 p 

Sarpasalpa p 0.05 15 0.2 p 

Torpedo fuscomaculata A A 0.65 9 0.2 

Argyrosomus japonicus A A 0.58 10 0.2 

Monodactylus falciformfs p p 0.42 12 0.2 

Crenlmugil crenilabis p p 0.36 13 0.1 

Teraponjarbua p p 0.15 15 <0.1 

Other species recorded:Acanthopagros berda (Gl, Ambassis gymnocephalus co>, Amblyrhynchotes honkenii (Or,GJ, Arothron hispidus co>, 

Caffrogobius nudiceps (T.o>, Caranx ignobilis<0 >, Caranx sexfasciatus co>, Clinus superciliosus CT.Or>,Eiops machnata<T.or.o>, Galeichthys 

feliceps co>, Hemiramphusfar <o>, Heteromycteris capensis car>, Hyporhampus capensis co>, Lichia amia co>, Lithognathus lithognathus 

(T.ar.o), Lutjanus monostigma co>, Lutjanus fluviflamma COl, Monodactylus argenteus co>, Omobranchus woodi car, a), Ophisuros serpens 

co>, Oreochromis mossambicus cr.o-.0), Pomatomous saltatrix CT.o>,Rhabdosargus globiceps cr.ar.o>, Saurida gracilis (T.o>, Scomberoides 

/ysan co>, Scomberoides to[ (Grl, Seriola lalandi <0>, Siganus sutor (or.OJ, Solea bleekeri (T.Gr.o), Trachuros trachuros co>. 
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Table 5.4 Shannon-Wiener diversity and Pielou evenness indices (mean and standard deviation) 

for the fish assemblages recorded in Taylor's, Grant's and Galpin's intertidal salt marsh creeks and 

their adjacent eelgrass beds between November 1992 and August 1993. 

Creek Eelgrass 

Marsh system Diversity Evenness Diversity Evenness 

Taylor's 1.55 (± 0.4) 0.52 (± 0.1) 1.47 (± 0.7) 0.51 (± 0.3) 

Grant's 1.52 (± 0.2) 0.52 (± 0.05) 1.52 (± 0.3) 0.62 (± 0.1) 

Galpin's 1.23 (± 0.4) 0.38 (± 0.1) 1.47 (± 0.1) 0.59 (± 0.02) 

When analysing estuarine association using density data, both Taylor's and Grant's creeks 

exhibited a similar pattern, with the marine species being the most important grouping followed 

by the estuarine taxa (Figure 5.5). In Galpin's creek the reverse was evident with the estuarine 

species being more dominant. This reversal does not occur when the estuarine association 

categories are calculated using standing stock data, with the marine species always being 

overwhelmingly dominant in all the creeks (Figure 5.5). 

The vast majority of fishes caught in the creeks were 0+ juveniles and subadults. The main cohorts 

of Liza dumerilii, the dominant transient marine species (Table 2.2), were juveniles between 20 

and 40 mm SL, which is well below the size at sexual maturity of 180 mm (Wallace 197 5) (Figure 

5. 6). Atherina breviceps, a common estuarine species (Table 2.2) which reaches sexual maturity 

at 40 mm SL (Ratte 1989), was represented by juveniles and adults (Figure 5.6). 

CREEK VERSUS EELGRASS COMPARISON 

Physico-chemical: The water parameters measured indicated that physico-chemical conditions 

in the eelgrass beds (Table 5.5) were all very similar to those of the creeks (Table 5.1). Water 

temperatures varied between 14 oc and 23 oc and, with the exception of Taylor's spring sample, 

all samples were full seawater (3 5). Turbidities measured in the eelgrass beds, as in the creeks, 

were low, ranging between 5 and 15 NTU. 
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Taylor•s creek 

Estuarine (6%) 

Estuarine {33%) 
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Figure 5.5 Estuarine association groups (Table 2.2) for fishes recorded in Taylor's, Grant's and 

Galpin's intertidal salt marsh creeks, calculated using both density and biomass data, for the 

period November 1992 to August 1993. 
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Figure 5.6 Length frequencies of Atherina breviceps and Liza dumerilii caught in Taylor's, 

Grant's and Galpin's intertidal salt marsh creeks for the period November 1992 to August 1993. 
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Table 5.5 Physico-chemical parameters (mean and standard deviation) recorded in the eelgrass 

beds adjacent to Taylor's, Grant's and Galpin's salt marshes between November 1992 and August 

1993. 

Season Parameter Taylor's eelgrass Grant's eelgrass Galpin's eelgrass 

Spring Temperature (°C) 20.0 (± 0.5) 18.3 (± 0.2) 20.7 (± 0.5) 

Salinity 31.0 (± 0.0) 35.0 (± 0.0) 35.0 (± 0.0) 

Turbidity (NTU) 15.5 (± 0.5) 14.2 (± 0.9) 16.2 (± 1.2) 

Summer Temperature ("C) 23.0 (± 0.0) 20.7 (± 0.5) 22.3 (± 0.2) 

Salinity 35.0 (±0.0) 35.0 (± 0.0) 35.0 (± 0.0) 

Turbidity (NTU) 10.5 (± 1.7) 5.5 (± 1.3) 15.0 (± 1.2) 

Autumn Temperature (0C) 17.3 (± 0.3) 17.7(±0.5) 17.5 (± 0.0) 

Salinity 35.0 (± 0.0) 35.0 (± 0.0) 35.0 (± 0.0) 

Turbidity (NTU) 5.2 (± 0.5) 9.7 (± 2.5) 5.5 (± 2.6) 

Winter Temperature ("C) 14.7 (± 0.5) 14.8 (± 0.3) 14.8 (± 0.5) 

Salinity 35.0 (± 0.0) 35.0 (± 0.0) 35.0 (± 0.0) 

Turbidity (NTU) 7.5 (± 0.6) 7.7 (± 0.5) 9.0 (±2.3) 

Density: Fish density comparisons between eelgrass sites revealed smaller differences than 

between creek sites (Figure 5.7). The highest density was recorded in Taylor's eelgrass beds 

(mean density=93 .1 per 10m2
, SD=89.8) and lowest in Grant's eelgrass beds (mean density=62.3 

per 10m2
, SD=45.1), with Galpin' s eelgrass being intermediate (mean density=79.5 per 10m2

, 

SD=19.9) (Figure 5.7). While densities between sites varied seasonally, fish density in eelgrass 

sites was consistently higher than in creeks (Figure 5.7). The disparity between fish densities in 

the two habitats was greatest between Taylor's creek and its adjacent eelgrass beds. 

lchthyofaunal composition: The dominant species (density) in the eelgrass habitats outside all 

three creeks were Rhabdosargus holubi, Atherina breviceps and Gilchristella aestuaria (Table 

5.6). The primary difference between the eelgrass and creek habitats in the Kariega Estuary was 

the dominance exhibited by the mugilids in the latter habitat (Tables 5.2 and 5.6). Numerically, 

the mugilids comprised more than 70% of the ichthyofauna in Taylor's and Grant's creeks but less 

than 12% within their adjacent eelgrass beds. 
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Table 5.6 Density, rank and percentage composition of the 15 dominant fish taxa recorded in the 

eelgrass beds found adjacent to Taylor's, Grant's and Galpin's salt marshes between November 

1992 and August 1993 (P=present, A=absent, T=Taylor's eelgrass beds, Gr=Grant's eelgrass 

beds, G=Galpin's eelgrass beds). 

Taylor's eelgrass beds Grant's eelgrass beds Galpin's eelgrass beds 

Species No. per Rank 0/o No. per Rank 0/o No. per Rank 0/o 

10m1 10m2 10m2 

Rhabdosargus holubi 59.93 64.5 17.71 2 28.6 24.08 30.7 

Atherina breviceps 12.90 2 13.9 24.48 39.6 5.39 5 6.9 

Gilchristella aestuaria 4.98 3 5.4 0.37 13 0.6 14.30 3 18.2 

Caffrogobius natalensis 4.10 4 4.4 1.03 10 1.7 0.60 9 0.7 

Caffrogobius gilchristi 2.20 5 2.3 2.10 6 3.4 1.77 6 2.3 

Glossogobius callidus 1.94 6 2.1 0.05 15 0.1 19.40 2 24.7 

Siganus sutor 1.24 7 1.3 p 0.25 10 0.3 

Diplodus sargus 1.07 8 1.2 1.43 8 2.3 0.20 11 0.2 

Syngnathus acus 0.83 9 0.9 A p 

Mugilidae (< 20 mm) 0.82 10 0.9 1.90 7 3.1 0.78 8 0.9 

Caffrogobius nudiceps 0.70 11 0.8 0.21 11 0.3 p 

Sarpa salpa 0.61 12 0.7 0.52 12 0.8 A 

Clinus superciliosus 0.32 13 0.3 4.11 3 6.7 p 

Monodactylus falciform is 0.17 14 0.2 2.76 s 4.5 10.09 4 12.8 

Solea bleeken· 0.16 15 0.2 A A 

Mugil cephalus p 0.18 14 0.3 p 

Liza dumerilii p 3.58 4 5.7 0.81 7 1.0 

Liza tricuspidens A 1.31 9 2.1 A 

Oreochromis mossambicus A A 0.17 12 0.2 

Arothron hispidus p A 0.12 15 0.2 

Terapon jarbua p A 0.13 14 0.2 

Psammogobius knysnaensis p p 0.14 13 0.2 

Other species recorded: Amblyrhynchotes honckenil'(r), Argyrosomus japonicusr>, Diplodus cervinus(T), Elops machnata<T>, 

Heteromycteris capensis<"T>, Liza richardsonii<0l, Monodactylus argenteus<0>, Pomadasys commersonnii{Tl, Pomadasys 

olivaceum<TJ, Pomatomous saltatn'x:r>, Pervagor janthisoma<TJ, Saurida graciJif.Tl, Torpedo fuscomaculata(Tl. 
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Figure 5.7 Fish densities recorded in Taylor's, Grant's and Galpin's intertidal salt marsh creeks 

and their adjacent eelgrass beds (standard deviation also recorded for eelgrass samples n=4) for 

the period November 1992 to August 1993. 

The three eelgrass habitats all had similar fish diversity values. Taylor's and Grant's eelgrass 

ichthyofaunal diversities were very similar to those found in their adjacent creek systems whereas 

Galpin's eelgrass beds had a higher diversity than Galpin's creek (Table 5.4). The number of 

confirmed species was lower in the eelgrass beds in comparison to the creeks with 26, 17 and 20 

confirmed species being caught in Taylor's, Grant's and Galpin's eelgrass beds respectively. 
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Ordination and classification: The dendrogram constructed using density data (Figure 5. 8) 

clearly demonstrates that the ichthyofaunal communities associated with the eelgrass and creek 

habitats were quite different. At the 50% similarity level the samples were clustered into two 

groupings viz. eelgrass and creek (Figure 5.8). A two-way crossed ANOSIM test showed a 

significant difference between the eelgrass and creek habitats (R=0.852, P < 0.001) but no 

significant difference over time (R=0.012, P=0.53). This clear distinction between the fish 

communities associated with the two habitats was also apparent when the density data was 

standardised, indicating that even when using percentage composition data there is still a clear 

distinction between the ichthyofaunal communities of the different regions. 
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Figure 5.8 Dendrogram showing the classification of24 samples, 12 from Taylor' s (T), Grant's 

(Gr) and Galpin's (G) intertidal salt marsh creeks and 12 from their adjacent eelgrass beds. The 

classification used fish density data collected between November 1992 and August 1993. 
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At the 60% similarity level the creek samples formed two groups, one containing all Galpin's 

samples and the other including both Grant's and Taylor's samples. The eelgrass samples 

displayed a stronger site affinity, with each site forming its own grouping at the 60% similarity 

level. A two-way ANOSIM test (no replication) indicated that there was a significant difference 

between the three creeks (RH0=0.73, P=0.03) but no significant difference over time 

(RH0=0.036, P=0.34). This dissimilarity of Galpin's creek fish community in comparison to the 

other two creeks is comparable to trends obtained for the overall density, standing stock and 

diversity of the ichthyofauna associated with the creeks. 

The superimposition of environmental variables on the creek biotic groupings (60% similarity 

level) indicated consistent relationships between both the creek water depth (Figure 5.9) and 

mouth area (Figure 5.1 0) with the two major creek biotic clusters. Water temperature, salinity and 

turbidity did not display any pattern which could explain the disparity between the two biotic 

groupmgs. 
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Figure 5.9 :MDS ordinations ofTaylor' s (T), Grant's (Gr) and Galpin's (G) intertidal salt marsh 

creek ichthyofaunal communities, with the superimposition of creek water depths on the plot. The 

:MDS ordination was based on fish density data collected between November 1992 and August 

1993, and the 60% similarity level was derived from Figure 5.8. 
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Figure 5.10 MDS ordinations ofTaylor's (T), Grant's (Gr) and Galpin's (G) intertidal salt marsh 

creek ichthyofaunal communities, with the superimposition of creek cross-sectional mouth areas 

on the plot. The MDS ordination was based on fish density data collected between November 

1992 and August 1993, and the 60% similarity level was derived from Figure 5.8. 

5.4 DISCUSSION 

The findings of research done in Taylor's creek thus far (Chapter 2,3 & 4) indicated that creeks 

were important nursery areas for many estuarine and migrant marine fish species. The 

ichthyofaunal community was found to be dominated by juveniles, in particular the mugilids, and 

very few piscivorous fish species were present (Paterson & Whitfield 1996). The density and 

standing stock of fishes in the creek were within the range reported for other estuarine habitats 

but were generally lower than other creek systems. An expansion of this original work into other 

creeks within the Kariega Estuary has allowed for these initial findings to be examined on a wider 

spatial scale. 
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The current study identified a number of characteristics which were common to all three creeks. 

The three creeks were found to have similar species compositions, and ordination and 

classification techniques consistently isolated the creek fish communities from the communities 

in other habitats. This similarity is noteworthy because use of salt marshes and their creeks by 

nekton is often highly variable (Shenker & Dean 1979, Varnell et al. 1995) and fishes are usually 

patchily distributed. The dissimilarity with other habitats indicates that creeks form a unique 

habitat within the estuary and are utilized by a distinct combination of species. 

In all three creeks the mullet were the principal taxa when numbers, biomass and species number 

were taken into consideration. The numerically dominant family in Galpin's creek were the 

clupeids. However, this family was represented by only one species, Gilchristella aestuaria, and 

very high numbers in the autumn sample may have exaggerated its overall importance. Fish 

communities associated with all three creeks were dominated by 0+ juveniles, with very few 

piscivorous species being present. 

While there were a number of similarities between the three creeks, (e.g. dominant species, 

nursery function and lack of piscivorous fishes), the systems differed in terms of density, standing 

stock and diversity of fishes. Fish densities and standing stocks were similar between Taylor's and 

Grant's creeks but were considerably greater in Galpin's creek. However, the recorded values in 

all three creeks fell within the range documented for other marsh creeks (Carr & Giesel1975, 

Zimmerman & Minella 1984, Sogard & Able 1991, Minella et al. 1994). The overall trend was 

for the ichthyofaunal communities of Taylor's and Grant's creeks to be the most alike, with 

Galpin's creek tending to be dissimilar. 

The exact mechanisms which regulate the overall density, standing stock and diversity of fishes 

utilizing salt marsh creeks have not been clearly identified. Weinstein et al. (1980) reported that 

in the Cape Fear Estuary (USA) the distribution of marine transients in shallow marsh habitats was 

governed primarily by salinity gradients and, to a lesser extent, by substratum characteristics. The 

physico-chemical variables measured in the Kariega Estuary creeks showed very little variation 

and could therefore not have resulted in the recorded differences between the ichthyofaunal 

communities moving into them. 
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Invertebrate and larval fish research in the Kariega Estuary (Hodgson 1987, Ter Morshuizen & 

Whitfield 1994) has shown that the density and biomass ofbiota may vary between the lower, 

middle and upper reaches of the estuary. Research on fishes associated with eelgrass beds has 

shown that location in an estuary may override other factors such as leaf density and habitat 

complexity (Sogard 1989). The three marshes in the Kariega Estuary are all found within a 

relatively short stretch of the estuary (3 Ian) and therefore spatial variations in the abundance and 

diversity of fishes are unlikely to be a major factor. 

One of the major differences between the three creeks and their marshes was the topographical 

characteristics of the different systems. In general terms, Taylor's and Grant's creeks were the 

most similar as they were relatively shallow, sinuous and had smaller mouth dimensions in 

comparison to Galpin's creek. This overall topographical similarity between Taylor's and Grant's 

creeks, and mutual dissimilarity with Galpin's creek in terms of ichthyofaunal density, standing 

stock and diversity, lends some weight to marsh topography being an important factor in 

regulating the utilization of creeks by fish. The close association between water depth an(j creek 

mouth area with the biotic clusters, produced by the superimposition of abiotic variables on the 

biotic groupings, further indicates that these two parameters may be important community 

structure determinants. Water depth and in particular the hydroperiod of a creek or marsh surface 

have a direct effect on regulating the number and size of fishes entering these habitats (Teall986, 

Rozas 1995). Hydroperiod may also mediate habitat exploitation within the different marsh 

microhabitats through its influence on other factors such as prey abundance and vegetation density 

(Rozas 1995). In Taylor's creek there was a modest correlation between water depth and fish 

standing stock (Paterson & Whitfield 1996), primarily due to schools of large mugilids entering 

the marsh only during the highest spring tides. When comparing all three creeks, it would appear 

that the deeper the intertidal creek the greater the standing stock and density of fishes. 

The dimension and position of the creek mouth may act together in regulating the numbers and 

size of fishes moving into creeks. The number of fishes entering a creek or salt marsh system 

during the high tide can be highly variable (Varnell et al. 1995) and, due to the schooling 

behaviour of many species, may be a more or less random event. The larger mouth of Galpin's 

creek and the funnelling effect of the adjoining embayment could result in a greater recruitment 
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zone when compared to the other creeks. This larger recruitment zone would have a greater effect 

on the less mobile mid-water species (e.g. Gilchristella aestuaria) which are easily influenced by 

water flow and currents. 

The influence of submerged aquatic vegetation (SA V) on fish abundance in estuarine 

environments is well documented (Pollard 1984, Whitfield 1984, Bell & Pollard 1989, Lubbers 

et al. 1990) with SAV generally having a higher density of fishes than unvegetated areas. SAV 

has been shown to have far higher mean fish densities than unvegetated areas in tidal freshwater 

creeks (Rozas & Odum 1987c). It has been suggested that fishes select SAVin tidal freshwater 

creeks since it provides an abundant source of invertebrate prey as well as protection from 

predators (Rozas & Odum 1987c). Galpin's creek, unlike Taylor's and Grant's creeks, had areas 

which were covered in Zostera capensis and these eelgrass patches may have played a similar 

function to those in tidal freshwater creeks. Both this and the previous chapter have shown that 

eelgrass supports a higher density of fishes than creeks. The eelgrass in Galpin's creek 

undoubtedly increased the overall fish density in the creek and may also have attracted additional 

species due to the increased physical complexity provided by the eelgrass. 

The proportion of fishes in the different estuarine association categories (Whitfield 1994b) varies 

between habitats. In eelgrass the dominant group is the estuarine residents, whereas in the creek 

habitat a far greater proportion of the fishes are marine transients (Chapter 4). Numerically 

Taylor's and Grant's creeks were dominated by transient marine fishes while estuarine residents 

were the principal estuarine association category in Galpin's creek. This demonstrates the 

possible influence that the eelgrass in the creek had on the overall ichthyofauna in Galpin's creek. 

The highly mixed nature of the water column in Kariega Estuary, along with a small axial salinity 

gradient (Allanson & Read 1995) and the close proximity of the three salt marshes, offered a 

unique situation where several physico-chemical parameters were very similar in all three study 

sites. By excluding these factors, a combination of parameters such as depth, hydroperiod, 

eelgrass and characteristics of the creek mouth were identified as possible controlling variables 

which influence fish diversity, abundance and biomass in the creeks. The exact mechanisms by 

which these factors influence an estuary's nekton to utilize creeks will only be ascertained through 

carefully constructed field experiments. 
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In order to understand the importance of a habitat to an estuary's nekton it is necessary to 

compare it to other regions, so that an overall perspective of its role within that ecosystem can be 

ascertained. Research coiD:paring unvegetated and vegetated areas in estuaries (Beckley 19 83, Bell 

& Pollard 1989, Lubbers et al. 1990) has shown that vegetated reaches generally have a higher 

fish density and diversity. This pattern may be due to enhanced refuge from predation, increased 

availability of food, habitat complexity and general habitat preference (Lubbers et al. 1990). 

Specific studies comparing creeks with other estuarine habitats have shown that creeks have a 

lower diversity and higher density of fishes as well as a distinct community composition (yl einstein 

& Brooks 1983, Sogard & Able 1991). In Chapter 4 it was shown that in a South African salt 

marsh creek and adjacent eelgrass beds, the two habitats had very similar diversities but the 

eelgrass had higher fish densities. The study was however limited to one site and, as reported, the 

standing stock and density of fishes can vary between creeks. Current results have shown that 

while the density of fishes from both habitats in the Kariega Estuary varied between sites and 

seasons, the eelgrass habitats in general had a higher density of fishes than the creeks when each 

habitat pair was examined. The higher density of fishes in eelgrass compared to other unvegetated 

habitats may result from complex plant-plant, plant-animal, plant-physical environment and animal

animal interactions (Orth 1992). 

Similar to other studies comparing vegetated and unvegetated habitats in estuaries (Bell & Pollard 

1989), the creeks and eelgrass beds had very distinct fish communities. The division between the 

two communities in the classification and ordination procedures was distinct with no outliers 

recorded, despite seasonal and site variations in the ichthyofauna and the transient nature of 

significant portions of both communities. This significant difference between the two habitats, 

using both density and percentage composition data, demonstrates that they support two very 

different fish communities within the Kariega Estuary. 
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Chapter 6 

A comparison between the fishes associated 
with the benthic and epipelagic channel 

habitats and those found in Taylor's 
intertidal salt marsh creek 



6.1 INTRODUCTION 

The channel environment in estuaries can be broadly partitioned into demersal and open water 

pelagic habitats. In South African estuaries research into the ichthyofauna associated with the 

open water pelagic habitat is principally based on gill net data (e.g. Marais 1981, 1983a,b, 

Plumstead et al. 1985, 1989a,b, 1991). Seine net data also exists for a number estuaries (e.g. 

Great Fish Estuary - Whitfield et al. 1994, Ter Morshuizen et al. 1996) but the method of 

deployment of this technique results in a mixture of fishes from both the littoral and open water 

pelagic habitats, making the interpretation of results from these studies difficult. In addition, there 

is a paucity of information on the fishes that utilize the demersal habitat, with the only published 

data being on three small temporarily open/closed estuaries in KwaZulu-Natal (Harrison & 

Whitfield 1995). 

The published ichthyofaunal work on the Kariega Estuary is confined to those taxa associated 

with salt marshes (Chapter 2), eelgrass beds (Ter Morshuizen & Whitfield 1994, Chapter 4) and 

the ichthyoplankton in the mouth of the system (Whitfield 1994c). Prior to this study no 

information was available on the juvenile or adult fishes in either the pelagic or demersal habitats 

in the channel of the Kariega Estuary. 

The Kariega Estuary is situated in a steep sided river valley, resulting in the intertidal area within 

the system being relatively small in comparison to other types of estuaries (Heydom & Tinley 

1980). Since the channel environment covers the largest surface area within the Kariega Estuary, 

particularly in the middle and upper reaches of the system, knowledge of what fishes are found 

within this habitat is imperative to the overall understanding of the ichthyofauna that utilize the 

estuary. As many fish species are highly mobile and utilize the intertidal habitats of estuaries for 

feeding and refuges (Orth 1992, Ruiz eta/. 1993), a potentially important link exists between the 

subtidal and intertidal reaches. In order to understand these linkages (e.g. the possible export of 

energy from intertidal habitats such as salt marshes), a knowledge of the fish species and life

history stages associated with the different habitats within the Kariega Estuary is required. 
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The aim of this chapter is to compare and contrast the ichthyofauna found in the subtidal and 

intertidal habitats in the Kariega Estuary, thereby providing the basis from which various 

ecological links between the salt marshes and main channel in the Kariega Estuary can be 

evaluated (Chapters 7-9). 

6.2 MATERIALS AND METHODS 

FIELD SAMPLING 

Demersal habitat: The demersal channel habitat of the Kariega Estuary was sampled at ten sites 

between Grant's and Galpin's marshes from June 1995 to February 1997. Sampling was 

conducted at night (20h00 ~ 22h00) during the slack high tide on thirteen occasions using a small 

otter trawl. A total of 130 trawls were undertaken. The otter trawl consisted of two weighted 

otter boards (length 42 em, height 22 em) which were individually attached by a 20 m line to the 

boat. The trawl net had a 1.25 m long chain bottom line and a 2 m long head rope with a number 

of buoys attached to it. The net was conical in shape and consisted entirely of6 mm stretch mesh 

netting. In order to standardise the area trawled (1 00 m2
), a half kilogram weight with an attached 

graduated line was deployed simultaneously with the net. 

Open water pelagic habitat: The open water habitat in the Kariega Estuary was sampled using 

two methods, gill netting and a surface trawl. While gill netting is an effective method for catching 

large fishes, it is inadequate for small species, thus necessitating a dual approach. 

Surface tows were undertaken in the Kariega channel between Galpin's and Grant's marshes in 

August, September and October 1995 as well as March 1996. Sampling was conducted at night 

(20h00 - 22h00) over the slack high tide with ten tows being completed during each sampling 

occasion ( 40 samples in total). The surface trawl consisted of a 2 m long conical net ( 6 mm stretch 

mesh) attached to a circular metal frame (75 em diameter). Attached to the top of the metal frame 

were three floats making the trawl neutrally buoyant. The trawl was deployed from the side of the 

boat and was towed just below the surface at a constant speed for two minutes. 
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The gill netting study was divided into two separate surveys. The first (piscivore gill net survey) 

targeted the larger species in the channel and utilized a mesh size which has been shown to be 

effective in sampling the common piscivorous fishes in Eastern Cape estuaries (Marais 1985). The 

piscivore gill netting survey was conducted just after the new moon in February, August, October 

and December 1994, as well as April and May 1996. On each sampling occasion six multifilament 

nets (20 m long, 3 m deep, 100 mm stretch mesh) were set in the channel outside Taylor's marsh. 

The nets were laid at 18h00, checked every two hours and retrieved at 06h00. 

The second gill net survey was aimed at sampling a greater size range of fishes using two 

multifilament fleets, each comprising four (50, 70, 80 and 100 mm stretch mesh) 10m long and 

2.5 m deep panels. The sampling was undertaken during the new moon spring high tide in July, 

September and October 1995, as well as April and May 1996. The nets were set in the channel 

outside Taylor's and Grant's marshes and were deployed at 18h00, checked at midnight and 

retrieved at 06h00. 

SAMPLE ANALYSIS 

In the laboratory all fishes were measured (mm SL), identified to species level and counted. In 

addition the total preserved wet mass for each species captured in the demersal otter trawl and 

the surface trawl was measured to the nearest 0.1 g. The estuarine association categories assigned 

to each species conform to Whitfield (1994b)(Table 2.2). 

6.3 RESULTS 

DEMERSAL HABITAT- OTTER TRAWL 

The otter trawl sampled a total of 4 599 individuals. The average density was 2.4 fish per 10 m2 

(SE=0.14) and ranged between 0.4 and 5.6 fish per 10m2 (Figure 6.1). A total of20 species were 

recorded (Table 6.1) with only three species contributing more than 5% of the total density, viz. 

Solea bleekeri (53%), Glossogobius callidus (25%) and Psammogobius knysnaensis (7%). The 

soles (55% oftotal density) and gobies (34% of total density) were the two dominant demersal 

families. The marine migrants (61 %) followed by the estuarine spawners (38%) were the 

numerically dominant estuarine association groups. 
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Table 6.1 Mean density and standing stock of the fishes sampled during the otter trawl survey of 

the demersal habitat in the channel of the Kariega Estuary. 

Species Group Density % Rank Standing % Rank 

stock 

Solea bleekeri 2b 1.29 53.27 2.75 48.18 1 

Glossogobius callidus 1b 0.61 25.08 2 0.47 8.29 4 

Psammogobius knysnaensis 1a 0.16 6.68 3 0.11 1.89 8 

Gilchristella aestuaria 1a 0.10 4.34 4 0.04 0.62 11 

Pomadasys commersonnii 2a 0.06 2.83 5 0.88 15.56 2 

Heteromycteris capensis 2b 0.05 1.92 6 0.03 0.51 13 

Rhabdosargus holubi 2a 0.04 1.57 7 0.22 3.84 7 

Pomadasys olivaceum 3 0.03 1.03 8 0.05 0.80 10 

Caffrogobius nudiceps 1b 0.02 0.91 9 0.03 0.47 14 

Ca.lfrogobius gilchristi 1b 0.02 0.87 10 0.03 0.53 12 

Argyrosomus japonicus 2b 0.02 0.65 11 0.23 3.98 6 

Gobiopsis pinto 1a? < 0.01 0.28 12 0.01 0.09 15 

Torpedo fuscomaculata 2c <0.01 0.21 13 0.49 8.57 3 

Caffrogobius natalensis 1b < 0.01 0.17 14 < 0.01 0.03 17 

Diplodus cervinus 3 <0.01 0.10 15 <0.01 0.02 18 

Hyporhamphus capensis la < 0.01 0.04 16 <0.01 0.01 19 

Ophisurus serpens 2c <0.01 0.01 17 < 0.01 0.06 16 

Dasyatis chrysonota 3 < 0.01 0.01 17 0.08 1.56 9 

Platycephalus indicus 2c <0.01 0.01 17 0.28 4.96 5 

Chelidonichthys kumu 3 <0.01 0.01 17 < 0.01 <0.01 20 

Total 2.43 100 5.71 100 
(Group-Estuarine association group, Density=numbers offish per 10 m1

, Standing stock=grams offish per 10 m1
) 

A total of 11 438 g offish was caught in the otter trawl study with the channel having an average 

standing stock of5.7 g per 10m2 (SE=0.53). The standing stock of fishes ranged from 2.8. g per 

10 rn2 in March 1996 to 14.0 g per 10m2 in April 1996 (Figure 6.2 ). Gravimetrically S. bleekeri 

was the dominant species, contributing 48% of the total standing stock. The other species which 

contributed over 5% of the total standing stock werePomadasys commersonnii (16%), Torpedo 

fuscomaculata (9%), Glossogobius callidus (8%) and Platycephalus indicus (5%) (Table 6.1). 

The dominant estuarine association group, using standing stock data, were the marine migrants 

(86%) followed by the estuarine spawners (12%). 

When examining the life-history stages of the common fish species sampled, all of them were 

dominated by juveniles and only six species had adult representatives (Table 6.2). 
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Figure 6.1 Density and standard deviation values for the demersal ichthyofauna in the Kariega 

Estuary collected using an otter trawl. 
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Figure 6.2 Standing stock and standard deviation values for the demersal ichthyofauna in the 

Kariega Estuary collected using an otter trawl. 
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Table 6.2 Mean lengths and life-history stages of the dominant fish species caught in the otter 

trawl survey from June 1995 to February 1997. 

Species Number Mean SD Life-history 

measured length (mm) stages present 
Solea bleekeri 1972 45.8 11.4 Juveniles I Adults 

Glossogobius callidus 994 35.7 10.5 Juveniles I Adults 

Psammogobius knysnaensis 546 30.4 4.2 Juveniles I Adults 

Gilchristella aestuaria 93 28.1 7.7 Juveniles I Adults 

Pomadasys commersonnii 96 61.6 29.6 Juveniles 

Heteromycteris capensis 149 35.4 5.8 Juveniles 

Rhabdosargus holubi 51 49.8 28.2 Juveniles 

Pomadasys olivaceum 63 39.4 9.1 Juveniles 

Cajfrogobius nudicep! 55 33.0 7.4 Juveniles I Adults 

Caffrogobius gilchrlsti 58 35.1 5.8 Juveniles I Adults 

Argyrosomus japonicus 22 69.7 55.2 Juveniles 

OPEN WATER PELAGIC HABITAT- SURFACE TRAWL 

A total of 1 731 individuals were caught in the surface trawl survey (x CPUE=57.7 fish, 

SD=51.4). Altogether seven confirmed species were sampled, with G. aestuaria being the 

numerically dominant species (97 %). Almost 99% of the catch consisted of estuarine spawners 

(Table 6.3). 

Table 6.3 CPUE, percentage composition and rank of the fish species caught in the Kariega 

Estuary during the surface trawl survey. 

Number Mass 
Species Group sc CPUE SD % Rank xCPUE SD % Rank 

GilchristeUa aestuarla I a 55.90 51.93 96.8 1 30.46 30.25 30.6 2 

Atherina breviceps 1b 0.83 1.13 1.4 2 1.16 1.38 1.2 3 

Liza dumerilii 2a 0.67 1.22 1.2 3 67.67 144.68 67.9 1 

Hyporhamphus capensis 1a 0.13 0.34 0.2 4 0.27 0.74 0.3 4 

Mugil cephalus 5b 0.07 0.25 0.1 5 0.01 0.04 < 0.1 6 

Mugilidae (< 20 mm) . 0.03 0.18 <0.1 6 < 0.01 0.02 <0.1 7 

Monodactylus falciformis 2a O.Q3 0.18 <0.1 6 0.03 0.20 < 0.1 5 

Psammogobius knysnaensis 1a 0.03 0.18 <0.1 6 0.02 0.13 <0.1 6 

Total 57.69 100.0 99.64 100.0 

(Group -Estuanne 3SSOC1atlon group, Number CPUE=number of fish per two mmute tow, Mass CPUE=mass (grams) of fish per two mmute tow, 

SD=Standard deviation) 
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OPEN WATER PELAGIC HABITAT· GILL NETTING 

Piscivore survey: A total of234 individuals were caught in the piscivore gill netting survey (x 

CPUE =3 9. 0 fish, SD=22. 3). Altogether 11 species were sampled with the dominant species being 

Pomadasys commersonnii (39%), Argyrosomus japonicus (26%), Elops machnata (9%), 

Ga/eichthys je/iceps (7%) and Lichia ami a (6%) (Table 6.4). The fishes caught were almost 

entirely marine migrants (99%). 

Table 6.4 CPUE, percentage composition and rank of the fishes caught in the piscivore gill 

netting survey of the Kariega Estuary. 

Species Group xCPUE SD •;. Rank 

Pomadasys commersonnii 2a 15.17 14.30 38.9 

Argyrosomus japonicus 2a 10.00 5.42 25.6 2 

Elops machnata 2a 3.50 3.20 9.0 3 

Galeichthys feliceps 2b 2.83 4.10 7.2 4 

Lichia amia 2a 2.50 1.26 6.4 5 

Mugil cephalus 5b 1.50 2.57 3.9 6 

Monodactylus falciform is 2a 1.50 2.93 3.9 7 

Liza tn'cuspidens 2b 1.17 1.07 3.0 8 

Rhabdosargus holubi 2a 0.50 1.12 1.3 9 

Liza richardsonii 2c 0.17 0.37 0.4 10 

Dasyatis chrysonota 3 0.17 0.37 0.4 10 

Total 39.01 100 

(Group=Estuarine association group, SD=Standard deviation, CPUE=number offish per sampling occasion) 

General survey: A total of 124 individuals were caught in this survey (x CPUE=24.4 fish, SD 

=0. 7). Altogether 12 species were sampled with A. japonicus (28% ), Liza dumeri/ii (28%) and 

Liza tricuspidens (16%) being the dominant species (Table 6.5). The mugilids were the dominant 

family (53% of total) and were represented by four species (Table 6.5). As in the piscivore gill 

netting survey, the majority (97%) of the fishes caught were marine migrants. 

Only two species captured in the gill net surveys, A. japonicus and Carcharias taurus, did not 

have adult components to their sampled populations (Table 6.6). P. commersonnii, L. dumerilii, 

L. tricuspidens, E. machnata, L. ami a, M jalciformis and M cephalus were all represented by 

both juveniles and adults (Table 6.6) with the remainder comprising adults only. 
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Table 6.5 CPUE, percentage composition and rank of the fishes caught in the general gill netting 

survey of the Kariega Estuary. 

Species Group xCPUE SD % Rank 

Argyrosomus japonicus 2a 6.8 4.5 27.9 

Liza dumerilii 2a 6.8 7.7 27.9 

Liza tricuspidens 2b 4.0 4.5 16.4 3 

Monodactylus falciformis 2a 1.4 1.8 5.8 4 

Mugil cephalus 5b 1.4 2.8 5.8 4 

Pomadasys commersonnii 2a 1.2 1.5 4.9 6 

Valamugil buchanani 2c 0.8 1.2 3.3 7 

Elops machnata 2a 0.6 0.8 2.5 8 

Lichia amia 2a 0.6 0.5 2.5 8 

Carcharias taurus 3 0.4 0.8 1.6 10 

Sarpa salpa 2c 0.2 0.4 0.7 11 
Hyporhamphus capensis I a 0.2 0.4 0.7 II 

Total 24.4 100 

(Group= Estuarine association group, SD=Standard deviation, CPUE=number of fish per sampling occasion) 

Table 6.6 Mean length, range and life-history stages of the fish species sampled in both the 

piscivore and general gill netting surveys conducted in the Kariega Estuary. 

Species Number Mean SD Range Life-history 

measured leng!h (mm) (mm) stages :eresent 

Pomadasys commersonnii 95 295.3 50.7 170- 520 Juveniles I Adults 

Argyrosomus japonicus 93 374.8 74.7 235-640 Juveniles 

Liza dumerilii 34 160.8 36.8 115- 321 Juveniles I Adults 

Liza tricuspidens 27 315.2 56.4 230-420 Juveniles I Adults 

Elops machnata 24 575.7 66.6 410-752 Juveniles I Adults 

Lichia amia 18 423.0 103.8 290-725 Juveniles I Adults 

Galeichthys fe/iceps 17 313.7 27.4 280 -420 Adults 

Monodactylus falciformis 11 120.0 63.2 110- 175 Juveniles I Adults 

Mugil cephalus 10 317.5 17.6 290-350 Juveniles I Adults 

Valamugil buchanani 4 432.5 28.6 410-480 Adults 

Rhabdosargus holubi 3 213.3 4.7 210-220 Adults 

Carcharias taurus 2 1025.0 5.0 1120-1130 Juveniles 

Liza richardsonii I 265.0 Adult 

Sarpa salpa 255.0 Adult 

Hyporhamphus capensis 375.0 Adult 

Da-!J:_atis chrysonota 450.0* Adult 
*Disc width 
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6.4 DISCUSSION 

COMPARISON OF THE KARIEGA ESTUARY'S CHANNEL ICHTHYOFAUNA WITH 

OTHER SOUTHERN AFRICAN ESTUARIES 

Prior to this study the use of otter trawls in South African estuaries was limited to Harrison and 

Whitfield's (1995) examination of the ichthyofauna in three temporarily open/closed systems in 

KwaZulu-Natal. The fish caught in the otter trawls in the Damba, Mhlanga and Zotsha estuaries 

were numerically dominated by Glossogobius callidus and Gilchristella aestuaria, whilst 

gravimetrically Oreochromis mossambicus was the most dominant species. TheKariega Estuary' s 

demersal ichthyofauna was similar to that found in the three temporarily open/closed systems, in 

that Glossogobius callidus was also a dominant species. However, the Kariega Estuary differed 

greatly in that Solea bleekeri was the most dominant fish both gravimetrically and numerically, 

whereas this sole did not contribute more than 1% of the total composition (numbers or mass) of 

the fish caught in any of the three systems studied by Harrison and Whitfield (1995). G. aestuaria 

formed a substantial proportion (62%) of the otter trawl catch in the Mhlanga Estuary whereas 

very few were caught in trawls conducted in the Kariega Estuary. G. aestuaria were however 

abundant in the surface trawls, indicating a clear vertical separation in the distribution of this 

species in the Kariega channel environment. The lack of a vertical distribution pattern exhibited 

by G. aestuaria in the estuaries in KwaZulu-Natal may be a function of system depth and gear 

type used. The three estuaries in KwaZulu-Natal are far shallower than the Kariega Estuary and 

on occasions had an average depth ofless than 50 em (Harrison & Whitfield 1995) whereas the 

the otter trawl in the Kariega Estuary was usually operated in water more than 2.5 m deep. The 

shallowness of the temporarily open/closed estuaries in KwaZulu-Natal would have resulted in 

the otter trawl sampling both the demersal and middle waters, thus masking any vertical 

distribution of G. aestuaria in those systems. Unfortunately no comparisons could be made 

between the demersal ichthyofauna in the Kariega Estuary and any of the other permanently open 

estuaries in southern Afuca to establish whether S. bleekeri or other soles (e.g. Heteromycteris 

capensis) are also important components ofthese systems. 

Ichthyofaunal studies in the surface waters of southern African estuaries have been limited to a 

number ofichthyoplankton studies (Melville-Smith & Baird 1980, Melville-Smith 1981, Melville

Smith et al. 1981, Whitfield 1989a,b,c, Harris & Cyrus 1995) which targeted larvae and not 
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juvenile or adult fishes. For this reason the surface trawl used in the Kariega Estuary was designed 

to sample juvenile and adult fishes rather than larvae. The catches using the surface trawl were 

numerically dominated by juvenile and adult G. aestuaria which complements the ichthyoplankton 

research conducted in the middle and upper reaches of the Kariega Estuary, where G. aestuaria 

was also the dominant species (Whitfield & Paterson unpublished data). 

During the 1980s and early 1990s the channel ichthyofauna of a number of permanently open 

estuaries was studied with the use of gill nets (Marais 1983a,b, Whitfield et al. 1994, Plumstead 

et al. 1985, Plumstead eta/. 1989a,b, 1991), thus providing information on the larger marine 

migrant fishes which utilize these systems. The gill net catches in these estuaries were dominated 

by mugilids, in particular Liza richardsonii and Mugil cephalus, as well as a number of larger 

piscivorous species, e.g. Argyrosomus japonicus and Lichia amia. The Kariega Estuary gill net 

catches were very similar to other Eastern Cape estuaries with mugilids (e.g. Liza dumerilii, Liza 

tricuspidens, Mugil cephalus) and piscivorous fishes (e.g. A. japonicus and L. amia) being 

commonly recorded. 

Whitfield eta/. (1994) found that the marine dominated, clear Kowie Estuary had far greater 

numbers of L. ami a than the freshwater dominated, turbid Great Fish Estuary. It was hypothesised 

that L. amia, being a visual predator, preferred clear water while the kob (A. japonicus) was 

better suited to the turbid environment. Further evidence for this hypothesis is that studies on the 

Kramme Estuary, which is also a marine dominated system, indicated the presence of far more 

L. amia than A. japonicus (Marais 1983a). Despite it being a marine dominated, clear water 

system, this hypothesis does not appear to hold true in the Kariega Estuary where A. japonicus 

were more plentiful in the catches than L. amia. 

COMPARISON BETWEEN THE ICHTHYOFAUNA ASSOCIATED WITH THE CHANNEL 

AND THOSE THAT UTILIZE INTERTIDAL SALT MARSH CREEKS AND EELGRASS BEDS 

The fish assemblage of the channel environment in the Kariega Estuary differed greatly from that 

found in the eelgrass beds and intertidal salt marsh creeks. The numerically dominant species in 

all the various habitats were different, with the creeks being dominated by mullet, the eelgrass beds 

by Rhabdosargus holubi, the demersal channel environment by S. bleekeri, the channel surface 
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waters by G. aestuaria and the channel water column by mullet and larger marine piscivorous 

fishes. Some species, e.g. G. aestuaria, were common in almost all habitats while others had a 

more limited distribution. S. bleekeri for example, dominated the demersal channel environment 

but was absent in the channel surface waters and rare in the eelgrass beds and creeks (Chapter 4). 

The absence of S. bleekeri in the channel surface waters is to be expected but the creek habitat 

has a number of similar characteristics to the demersal channel environment. Both are unvegetated 

and have a sandy/muddy substratum, yet only one habitat is used extensively by flatfish. The 

reason for this difference in distribution may be due to the sole being cryptic and relatively 

sedentary and therefore not opting to use high lying intertidal habitats, and/ or the lack of suitable 

food items for fishes in the intertidal salt marsh creek (Chapter 7). 

The relative contributions of juvenile mugilids to the ichthyofaunal assemblages of the different 

Kariega Estuary habitats varied greatly. Within the intertidal region this family was abundant in 

the creeks (Chapter 2) but scarce in the eelgrass beds (Chapter 4), while in the main channel they 

were not caught in the demersal environment and seldom recorded in the surface waters. Visual 

observations in the lower reaches of the Kariega Estuary indicated that juvenile mullet frequent 

intertidal sandbanks during the high tide and also form schools along the edges of eelgrass beds 

in the upper reaches of the system. In the nearby Great Fish Estuary, which does not have salt 

marshes or extensive eelgrass beds in the middle reaches, mugilids are abundant in the littoral 

intertidal areas of the system (Ter Morshuizen et al. 1996). In a comparison between the 

ichthyofauna associated with the Zostera and non-Zostera regions in the Kromme Estuary, it was 

found that the dominant mullet species (L. dumerilii) was far more common in the unvegetated 

areas than in the eelgrass beds (Hanekom & Baird 1984). With limited unvegetated, shallow water 

habitats along the banks of the middle reaches of the Kariega Estuary, juvenile mugilids are 

concentrated in the intertidal creeks, avoiding the shallow water vegetated habitats and open 

channel environment. 

A difference in the distribution oflife-history stages of fishes was also apparent in the different 

habitats in the KariegaEstuary. The channel environment was utilized by the adults and subadults 

of a number of marine species which were only found as juveniles in the creeks, e.g. P. 

commersonnii, R. holubi, L. dumerilii, M cephalus and M falciformis (Chapter 2). 
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Piscivorous marine fishes (e.g. L. amia, A. japonicus and E. machnata) fonn a conspicuous 

component of the ichthyofaunal assemblage in the Kariega Estuary but have a limited distribution 

within the whole system. Very few piscivorous fishes were recorded in either the salt marsh creeks 

or eelgrass beds oftheKariegaEstuary (Chapters 2 & 4), whereas in the main channel both adults 

and juveniles were caught in the otter trawl and gill nets. Avoidance of the littoral zone by 

piscivorous fishes may be linked to increased vulnerability to predation or decreased foraging 

ability and stranding (Ruize eta!. 1993). At present the exact mechanisms which result in these 

distribution patterns remain unclear and further research is needed to elucidate them. 
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Chapter 7 

The role of the Kariega salt marshes as feeding and 
refuge areas for fish · 



7.1 INTRODUCTION 
International research has shown that salt marsh creeks act as nursery areas for many marine and 

estuarine fish species (Cain & Dean 1976, Morton eta!. 1987, Knieb 1997b, Mathieson eta!. in 

press a) and Chapters 2 to 5 have corroborated this general trend in a southern African context. 

While descriptive studies on ichthyofaunal composition and distribution are the necessary building 

blocks that lay the foundations for future research, they do not provide information as to why 

fishes utilize these habitats. 

Two of the more commonly quoted criteria for a habitat to have a nursery function are that it 

should provide food and refuge. Despite this, the relative roles that food and refuge play in the 

structuring and functioning of nursery habitats are poorly understood (Baltz eta!. 1993). Boesch 

and Turner (1984) state that 'implicit in the concept of salt marsh systems acting as nurseries for 

fish is that the shallow waters associated with the marsh provide protection for critical life-history 

stages'. In comparison to eelgrass and tidal freshwater marshes, little is known about the refuge 

function of intertidal creeks and salt marsh flats. While some studies report low densities of 

piscivorous fishes in tidal creeks (Shenker & Dean 1979, Reis&Dean 1981, Morton eta!. 1987), 

others have shown that predatory fish species, e.g. perch and bass are caught (Hackney & de la 

Cruz 1981, Josselyn 1983, Teal1986, Rountree & Able 1997). Research in the Kariega Estuary 

has indicated that very few primarily piscivorous fish are caught in the intertidal salt marsh creeks 

(Chapters 2 to 5) while these species are common in the main estuary channel (Chapter 6). One 

of the aims of this chapter was to validate or refute these results by simultaneously examining the 

distribution of piscivorous fishes in Galpin's creek and adjacent shallow and deep water habitats. 

The role of salt marsh habitats in the nourishment of fishes and the provision of nutrients for both 

estuarine and nearshore ecosystems has been a topic of intense debate for the last three decades. 

The outwelling hypothesis (Odum 1980) suggests that there is a nett export of organic material 

from salt marshes to adjacent waters. Due largely to the conception that physical processes 

dominate biological ones, research was concentrated on the tidal flux of nutrients and energy 

rather than the role that nekton may play in their export (Deegan 1993). Salt marshes have been 

found to vary in their capacity to export organic matter and nutrients. Taylor and Allanson (1995) 

for example demonstrated the inapplicability of the outwelling hypothesis to Taylor' s salt marsh. 
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Numerous studies have shown that fishes feed both in salt marsh creeks and on the vegetated salt 

marsh surface and many authors have suggested that these fishes play a role in the 'outwelling' 

of energy from salt marsh systems to adjacent estuarine and nearshore environments (V aliela et 

al. 1977, Bozeman & Dean 1980, Weinstein et al. 1980, Weinstein & Walters 1981, Weisberg 

&Lotrich 1982, Talbot & Able 1984, Knieb & Wagner 1994, Allen eta!. 1995). While it has been 

established that there is no significant tidal export of organic carbon from Taylor's salt marsh 

(Taylor & Allanson 1995), this chapter aims to examine the potential that the dominant fish 

species frequenting Taylor's salt marsh and intertidal creek have in the transport of nutrients and 

energy. 

7.2 MATERIALS AND METHODS 

PREDATION 

Sampling periodicity: Sampling was conducted in Galpin's creek as the adjacent bay and channel 

provided a gradation between a number of shallow and deep water sites which were both 

vegetated and unvegetated. Gill netting was conducted between sunset and sunrise four days prior 

to the new moon spring tide in January, February, March, April, May, September and October 

1995. Sampling four days prior to the spring tide allowed for a nocturnal netting period of four 

hours in the intertidal habitats. Diurnal sampling was avoided as the clear nature of the marine 

dominated Kariega Estuary would have resulted in gear avoidance by most fish species. 

Sampling technique: A total of eight 20m long gill nets were set in four habitats in and adjacent 

to Galpin's salt marsh with two nets being set in each of the following habitats: the main estuary 

channel, the bay leading into Galpin's creek, the eelgrass beds adjacent to Galpin's salt marsh and 

Galpin' s creek. The nets were set two hours prior to the spring high tide and retrieved two hours 

after the high tide, resulting in each net fishing the water column for a standard four hours. The 

nets fished the entire water column in each habitat and were constructed of green multifilament 

twine with a stretch mesh of 100 mm. Experimental gill netting conducted by Marais (1985) 

demonstrated that a 100 mm stretch mesh was very effective at catching the common piscivorous 

fish species inhabiting Eastern Cape estuaries. 
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At high tide the water depth and temperature were measured and a water sample collected so that 

turbidity and salinity could be measured back at the laboratory. When the nets were lifted all the 

fishes were removed, identified and measured. 

Data analysis: The number of fishes caught were counted and a percentage species composition 

was calculated for each habitat. The distribution of each species between the different habitats was 

examined by calculating what percentage of each species was caught in each area. A Chi squared 

test (Fowler & Cohen 1993) was used to determine if there was a significant difference between 

the numbers of fish (all species, piscivorous species only, Argyrosomus japonicus and Lichia 

amia) caught in the different habitats. Spearman rank correlation tests (Fowler & Cohen 1993) 

were undertaken between the numbers offish caught (all species and piscivorous species only) 

and water depth, temperature, salinity and turbidity. 

FEEDING 

Sampling periodicity: Two sets of block net fish samples, one dawn and one dusk, were taken 

per season in Taylor's creek from winter 1992 to autumn 1993 (see sampling periodicity- Chapter 

2). Stomach fullness estimates were conducted on dawn and dusk samples from all four seasons 

while stomach content analyses were limited to winter and summer. 

Sampling technique: The fishes were measured to the nearest 0.1 mm after which their stomachs 

were removed. The stomachs were analyzed using a modified points system (Ricker 1968, Hyslop 

1980) which involved a subjective estimation of stomach fullness, after which the stomach 

contents were sorted into food groups according to their taxonomic similarity. Points were then 

allocated to each group according to the proportion they represented in relation to other groups 

present and the fullness of the gut. The maximum total points which could be allocated was 100 

for a full stomach (Harrison 1991 ). The frequency of occurrence method (Hyslop 1980) was also 

used. This involved recording the number of stomachs in which each food item occurred and 

expressing it as a percentage of the total number of stomachs examined. Only the top six 

numerically dominant fish species caught in Taylor's creek, which accounted for over 90% of the 

ichthyofaunal caught, were examined. 
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Subjective analysis of gut fullness and food proportions has been used in salt marsh and intertidal 

creek studies before (Morton eta!. 1987, 1988). However, this simple and rapid method has been 

criticized because of its inherent subjectivity (Hynes 1950). In order to reduce this subjectivity 

a number of checks and balances were employed to reduce bias in estimating stomach fullness or 

in the allocation of points to any food items. 

i) Prior to the analysis, a sample of fish from the dominant cohorts of each species were 

collected from different habitats in the estuary and their stomachs were removed and 

examined in order for the evaluator to familiarize himself with varying degrees of fullness. 

ii) A graduated glass plate with a cover slip was used, allowing for the stomach contents to 

be leveled and a more accurate estimation of relative volume to be made. Similar methods 

were employed by Gibson & Ezzi (1978) and Rozas & La Salle (1990). 

7.3 RESULTS 

PREDATION 

Physico-chemical parameters 

The salinity and temperature of the water in the four habitats were very similar (Table 7.1) and 

there was no correlation between either of these two parameters and the number of fishes caught 

(all species and piscivorous species only). The turbidity was similar between the channel and bay 

and eelgrass but was higher in the creek (Table 7.1). There was also no correlation between 

turbidity and the numbers of fishes caught (all species and piscivorous species only). Depth did 

vary between the habitats, with the channel being the deepest followed by the bay, eelgrass and 

creek respectively (Table 7.1). There was a positive correlation between depth and the number 

of :fishes caught (all species) on four ofthe seven sample periods (r, ranged between 0.73 and 

0.96, p < 0.05). A stronger correlation existed between depth and number ofpiscivorous fishes 

caught with a significant positive correlation being present on each sampling occasion (rs ranged 

between 0.77 and 0.89, p < 0.05). 

Composition 

Channel: A total of84 individuals representing eight species were caught in the channel, with the 

dominant species being Argyrosomus japonicus, Lichia ami a andPomadasys commersonnii. The 

only shark, Carcharias taurus, comprised 2% of the channel ichthyofauna (Table 7.2). 
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Table 7.1 Physico-chemical parameters measured in Galpin's intertidal salt marsh creek and 

adjacent habitats from January to October 1995. 

Salinity Temperature Turbidity Depth 

eq (NTU) (em) 

Mean SD Mean SD Mean SD Mean SD 

Channel 30.1 4.1 20.1 2.9 22.3 7.4 316.4 44.8 

Bay 28.7 6.9 19.8 3.1 21.5 8.0 123.7 20.6 

Eelgrass 30.3 3.9 19.7 2.9 24.0 8.1 90.7 18.0 

Creek 30.4 3.6 19.8 2.9 30.5 11.8 74.8 16.5 

Table 7.2 Number (n), percentage composition(% C) and percentage distribution(% D) offish 

species caught in Galpin's intertidal salt marsh creek and adjacent habitats from January to 

October 1995. 

Channel Bay Eelgrass Intertidal creek 

Species n %D %C n %D %C n %D %C n %D %C 

Argyrosomus japonicus 31 77.5 36.9 7 17.5 16.6 2 5 7.2 

Elops machnata I 50.0 1.2 1 50.0 2.3 

Carcharias taurus 2 100.0 2.4 

Galeichthys feliceps I 4.1 1.2 12 50.0 28.5 10 41.6 35.7 1 4.1 20.0 

Lichia amia 20 86.9 23.8 3 13.0 7.1 

Mugil cephalus 11 40.7 13.0 8 29.6 19.0 7 25.9 25.0 1 3.7 20.0 

Platycephalus indicus 2 66.6 4.7 1 33.3 3.6 

Pomadasys commersonnii 16 50.0 19.0 9 28.1 21.4 5 15.6 17.8 2 6.3 40.0 

Rhabdosargus holubi 2 66.6 7.2 1 33.3 20.0 

Torpedo fuscomaculata 1 100.0 3.6 

Valamugil buchanani 2 100.0 2.4 
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Bay: A total of 42 individuals representing seven species were caught in the bay, with the 

dominant species being Galeichthys feliceps, Mugil cephalus, Pomadasys commersonnii and 

Argyrosomusjaponicus (Table 7.2). 

Eelgrass: A total of28 individuals representing seven species were caught in the eelgrass, with 

the dominant species being very similar to those in the bay, namely Ga/eichthys feliceps, Mugil 

cephalus and Pomadasys commersonnii (Table 7.2). 

Creek: Only 5 individuals representing four species were caught in the creek, with Pomadasys 

commersonnii being the dominant species (Table 7.2). 

Distribution 

Different species and components of the overall catch showed significant differences in their 

distributions between the four habitats sampled (Table 7 .2). The overall distribution of fishes was 

significantly different (x2=78.8, P < 0.001) between the habitats, with most fishes being caught 

in the channel followed by the bay, eelgrass and creek (Figure 7.1). There was also a significant 

difference in the distribution ofpiscivorous fishes (x2=104.8, P < 0.001) with the vast majority 

being caught in the channel, considerably fewer in the bay and eelgrass, and none being caught 

in the creek. The distributions of the two dominant piscivorous species (Lichia amia and 

Argyrosomusjaponicus) in the study were also highly skewed (A.japonicus x2=59.3, P < 0.001; 

L. amia X~84.8, P < 0.001). A.japonicus was found predominantly in the channel with smaller 

proportions being caught in the bay and eelgrass and none in the creek (Figure 7.1 ), while L. amia 

was only caught in the channel and bay (Figure 7.1). 

FEEDING 

Rhabdosargus holubi 

Stomach fullness: Of the 189 stomachs examined 10% were empty. The remainder had a mean 

stomach fullness of 60% (SD=31. 8). No clear seasonal trends were evident and the mean stomach 

fullness per sample period ranged between 44% and 64% (Figure 7.2). Of the six dominant 

species examined in this study Rhabdosargus holubi had the highest mean stomach fullness. 
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Figure 7.1 Catch per unit effort (average number of fish per 20 m gill net) of all species, 

piscivorous fish only, Lichia ami a and Argyrosomus japonicus from Gal pin's intertidal salt marsh 

creek and adjacent habitats (error bars represent one standard error). 
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Stomach contents: The dominant food items in the stomachs of both the winter and summer 

samples were amphipods (predominantly Grandidierella sp. ), anomurans (Upogebia ajricana), 

crabs and polychaetes (Table 7.3). A broad range of food items were eaten, with the crustaceans 

forming the dominant component. 

Psammogobius knysnaensis 

Stomach .fullness: Of the 210 stomachs examined 15% were empty. The mean stomach fullness 

ranged between 45% and 55% during the sample period (Figure 7.2) with the overall mean 

stomach fullness being 51% (SD=35.7). Of the species examined in this study Psammogobius 

knysnaensis had the second highest mean stomach fullness. 

Stomach contents: A wide range of food items was consumed with the dominant prey during both 

winter and summer being polychaetes, copepods (predominantly Pseudodiaptomus hessei) and 

ostracods (Table 7 .3). Fish were also present in the gut but formed a very small proportion of the 

overall stomach contents (Table 7 .3). 

Gilchristella aestuaria 

Stomach .fullness: Of the 240 stomachs examined only a small proportion were empty (17%) with 

the average stomach fullness being 37% (SD=30.4). The mean stomach fullness over the sample 

period had a greater range (24 - 46%) in comparison to R. holubi and P. knysnaensis, although 

few trends were discernible (Figure 7.2). 

Stomach contents: The winter samples were dominated by copepods (predominantly 

Pseudodiaptomus hessei) while in summer thalassid larvae (most likely Upogebia ajricana) were 

the dominant item in the stomach contents (Table 7.4). 

Atherina breviceps 

Stomach fullness: A total of 189 stomachs were examined and 55% of these were empty. The 

mean stomach fullness was only 22% (SD= 2.8) and ranged considerably between sample periods 

(Figure 7.3). A. breviceps were only feeding during two of the seven occasions that fish were 

sampled. 
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Figure 7.2 Stomach fullness (%) of Rhabdosargus holubi, Psammogobius knysnaensis and 

Gilchristella aestuaria collected in Taylor's intertidal salt marsh creek from winter 1992 to 

auturrm 1993 (error bars represent one standard error). 
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Table 7.3 Percentage frequency of occurrence(% F) and percentage points(% P) of food items 

in the diet ofRhabdosargus holubi andPsammogobius knysnaensis collected in Taylor's intertidal 

salt marsh creek. 

Rhabdosargus holubi Psammogobius knysnaensis 

Winter Summer Winter Summer 

Number of stomachs examined n=30 n = 60 n = 30 n=60 

Number of stomachs with contents n=28 n= 54 n=29 n= 55 

Lengths offish examined (mm) 26-82 19-77 29-42 19-44 

%F %P %F %P o/oF %P %F %P 

Sand particles: 5.5 0.4 3.4 0.1 20.0 2.8 

Particulate organic matter: 21.4 7.8 1.8 0.4 6.9 1.3 23.6 3.4 

Macrophytes: Aquatic 14.2 3.9 14.8 8.8 

Algae: Filamentous 17.8 3.9 

Annelida: Polychaeta 33.3 8.6 48.2 34.4 49.0 40.0 

Crustaoea: Copepoda 10.7 5.5 14.8 3.0 82.7 17.7 27.2 10.2 

Ostracoda 14.2 10.2 9.2 1.5 58.6 8.5 5.4 0.8 

Isopoda 3.5 0.7 5.5 0.7 3.6 0.5 

Amphipoda 32.1 24.5 35.1 7.1 51.7 7.9 21.8 3.9 

Tanaidacea 13.7 2.3 47.2 19.8 

Mysidacea 12.9 5.1 17.2 1.4 1.8 0.5 

Macrura 9.2 4.9 3.4 0.6 7.2 3.8 

Anomura 7.1 3.4 27.7 21.6 3.4 0.3 

Anomura larvae 5.5 0.6 

Brachyura 21.4 32.6 33.3 23.0 12.7 10.9 

Unidentified 32.1 3.5 50.0 11.1 44.8 7.0 

remains 

Insecta: Unidentified 3.4 0.3 

Mollusca: Gastropoda 7.1 2.3 7.4 1.7 

Pelecypoda 17.8 1.7 37.9 4.8 

Nemertea: Unidentified 5.5 1.1 

Pisces: Unidentified 6.9 12.8 3.6 3.4 

Eggs 1.8 0.4 6.9 0.6 
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Figure 7.3 Stomach fullness(%) of Atherina breviceps, Liza dumerilii and Mugilidae ( < 20 rnm) 

collected in Taylor's intertidal salt marsh creek from winter 1992 to autumn 1993 (error bars 

represent one standard error). 
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Table 7.4 Percentage frequency of occurrence (% F) and percentage points (% P) of food items 

in the diet of Gilchrist ella aestuaria and Atherina breviceps collected in Taylor's intertidal salt 

marsh creek. 

Gilchristella aestuaria Atherina breviceps 

Winter Summer Winter Summer 

Number of stomachs examined n = 60 n = 60 n = 39 n=30 

Number of stomachs with contents n- ss n=53 n=6 n = 11 

Lengtm offish examined (nun) 19.42 23 - 44 29-49 25.53 

%F %P %F %P %F %P %F %P 

Particulate organic matter: 49.0 9.5 7.5 1.3 9 .0 5.0 

Macrophytes: Terrestrial 9.0 1.1 1.8 0.8 

Aquatic 16.3 2.2 18.0 25.0 

Algae: Filamentous 3.6 0.8 

Diatoms 43.6 12.6 7.5 1.9 

Annelida: Polychaeta 

Crustacea: Copepoda 78.0 55.6 62.0 6.5 36.3 12.5 

Ostracoda 21.8 3.9 64.1 7.1 36.3 10.0 

lsopoda 15.0 2.4 

Amphipoda 16.3 2.3 54.7 14.8 18.0 7.5 

Tanaidacea 7.5 0.8 

Mysidacea 9.4 1.9 9.0 10.0 

Anomura larvae 81.0 56.1 9.0 5.0 

Brachyura larvae 28.3 4.7 

Unidentified 30.9 5.1 7.5 1.4 

remains 

Insecta: Insecta 12.7 3.9 7.5 0.5 100.0 100.0 36.3 25.0 

Mollusca: Pelecypoda 21.8 2.5 

Pisces: Eggs 3.6 0.5 
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Table 7.5 Percentage frequency of occurrence (%F) and percentage points (% P) of food items 

in the diet of Mugilidae ( < 20 mm SL) and Liza dumerilii collected in Taylor's intertidal salt 

marsh creek. 

Mugilidae {< 20 mm) Liza dumerilii 

Winter Summer Winter Summer 

Number of stomachs examined n = 100 n = 100 n = 100 n = 100 

Number of stomachs with contents n=29 n = 42 n=7 n = 28 

Lengths offish examined (mm) 8-19 9-19 22-98 23-77 

%F %P %F o/oP %F %P o/oF %P 

Sand particles: 93.1 52.3 54.7 9.2 85.8 56.1 

Particulate organic matter: 89.6 19.0 57.1 19.1 57.1 50.7 85.7 11.4 

Macrophytes: Aquatic 55.1 15.4 16.6 2.5 71.4 18.4 17.2 4.7 

Algae: Filamentous 6.9 1.6 2.3 0.1 17.8 9.6 

Unicellular 7.2 1.0 

Diatoms 82.7 11.7 30.9 3.2 85.7 29.2 78.0 13.4 

Annelida: Polychaeta 2.3 0.6 

Crustacea: Copepoda 54.7 41.0 14.2 1.7 14.3 2.8 

Ostracoda 52.3 14.7 

lsopoda 2.3 0.5 

Amphipoda 2.3 0.2 3.6 1.0 

Insecta: Insecta 7.1 3.2 

Mollusca: Gastropoda 0.4 5.7 

Atherina breviceps cont. 

Stomach contents: The winter samples were dominated entirely by insects but this result was 

based on only six individuals. During summer insects formed the dominant part of the diet, with 

aquatic macrophytes and copepods also contributing significantly. As with G. aestuaria, thalassid 

larvae were present in the stomach contents of A. breviceps in the summer samples (Table 7.4). 

Mugilidae ( < 20 mm) 

Stomach fullness: The majority (68%) of the 400 stomachs examined were empty with the mean 

stomach fullness being very low 7% (SD=l6.2) (Figure 7.3). 
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Stomach contents: In the winter samples the stomach contents were dominated by sand particles, 

particulate organic matter and aquatic macrophyte detritus while in summer the stomach contents 

had less sand particles and noticeably more copepods and ostracods (Table 7.5). 

Liza dumerilii 

Stomach fullness: Of the 400 stomachs examined the vast majority (88%) were empty with the 

mean stomach fullness being extremely low 4% (SD=15.3). L. dumerilii had the lowest gut 

fullness of all the species examined and at no time were these mullet feeding (Figure 7.3). 

Stomach contents: The stomach contents were dominated by sand particles, particulate organic 

matter, aquatic macrophyte detritus and diatoms (Table 7.5). 

7.4 DISCUSSION 

PREDATION 

One of the factors influencing fish utilization of salt marshes and their tidal creeks may be the 

refuge function that this habitat provides from large piscivorous fishes (Shenker & Dean 1979, 

Reis & Dean 1981, Boesch & Turner 1984, Rozas & Hackney 1984, Morton eta!. 1987, 

Paterson & Whitfield 1996). Conclusive evidence for the refuge function of salt marshes and their 

tidal creeks has been limited, but research into tidal freshwater creeks and marshes has provided 

some insight into the distribution of piscivorous fishes and levels of predation on the marsh 

surface, intertidal creeks and subtidal environments as well as identifying some of the factors that 

may affect predation levels e.g. stream order and aquatic vegetation (Rozas & Odum 1987a,b,c, 

Rozas & Odum 1988, Rozas eta!. 1988, Mcivor & Odum 1988). While some of these broad 

principles may be applied to more saline marsh systems, since the structure and functioning of 

tidal freshwater marshes and creeks is similar to that of salt marsh systems, research specifically 

on salt marshes and their creeks is needed to corroborate much of this work. Recent studies on 

fish utilization of a New Jersey salt marsh creek (Rountree & Able 1997) has shown that a number 

of relatively large predatory fish (e.g. Pomatomus saltatrix) appear to use shallow bay and marsh 

creek habitats during nocturnal hours. The presence of these predatory fishes in shallow marsh 

creeks (subtidal and intertidal) weakens the hypothesis that shallow marsh habitats serve as 

refuges to 0+ juveniles (Rountree & Able 1997). 
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In this study no piscivorous fish were recorded in the marsh intertidal creek and very few in the 

other two shallow water habitats immediately adjacent to the salt marsh, viz. the eelgrass beds and 

shallow bay environment. The converse was true for the channel environment where high numbers 

of piscivorous fishes (e.g. Argyrosomus japonicus and Lichia amia) were caught (also see 

Chapter 6). The hypothesis that 0+ juvenile fishes in the Kariega Estuary utilize salt marsh creeks 

as refuges because of the low level of predation, or low threat of predation, is also supported by 

other evidence e.g. extensive block netting studies in these creeks which documented very few 

piscivorous fishes (Chapters 2 and 5). While Rountree and Able (1997) maintain that the low 

catches oflarge predatory fishes in other studies may be due to gear avoidance, block netting in 

the Kariega salt marsh creeks was successful in catching significant numbers oflarge highly mobile 

species such asLiza dumerilii and Pomad.asys commersonnii. While catches of piscivorous fishes 

were always negligible in the block net samples (Chapter 2), there was always the possibility that 

piscivorous fishes moved into the creek to feed for very short periods during the flood tide and 

then moved out again before the block net was set. The results of the gill netting study, however, 

refute this idea as the gill nets sampled the ichthyofauna over an extended period of time, thus 

giving a time integrated representation of the fish community. 

Predation on juvenile fishes that utilize salt marshes and their creeks is not only limited to large 

predatory fishes. Other possibilities include predation by juvenile conspecifics, crustaceans and 

birds. The stomach content analyses ofthe six dominant fish species found in Taylor's creek 

demonstrated that the majority of fishes were not feeding, while the stomach contents of those 

species which were feeding (e.g. Rhabdosargus holubi and Gilchristella aestuaria) did not 

contain any fish. In addition, a literature review of the feeding ecology of the top 20 fish species 

(99% of the total catch) in Taylor's creek (Table 7.6) indicated that these taxa seldom consumed 

fish. The dominant macro-crustaceans found on the marsh were Paratylodiplax edward.sii, 

Sesarma catenata, Palaemon pacificus, Upogebia africana and Scylla serrata, all of which are 

either detritivores or filter feeders. Birds have been shown to be important predators in many 

South African estuarine systems (Whitfield & Blaber 1979a,b,c, Siegfried 1981) and are able to 

feed extensively in vegetated and unvegetated shallow water areas. Avian predation was not 

examined but field observations during this study indicated that the majority of piscivorous birds 

were concentrated in the lower reaches of the estuary. Very few birds were seen feeding on the 
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salt marshes, which could possibly be due to their location within the estuarine system and the fact 

that the salt marshes are generally surrounded by high cliffs and dense vegetation. Further research 

is required in order to clarify the possible role ofpiscivorous birds in the trophic structure of the 

Kariega Estuary salt marshes. 

It has been suggested that the low numbers of piscivorous fishes in shallow water areas within 

estuaries is a function of unfavourable physical conditions such as high temperatures, the physical 

constraint of the shallow water, or both (Rozas & Odum 1987a). Water temperature, salinity and 

turbidity were not found to be correlated to the distribution of piscivorous fish species in this 

study, while water depth was found to show a strong positive correlation with the number of 

piscivores recorded. The low numbers oflarge piscivorous fishes in the shallow areas may also 

be a result of increased vulnerability to predation and/or decreased foraging ability (Ruiz et al. 

1993). 

FEEDING 

The results of the feeding study have shown that the mugilids, which were the dominant fishes 

caught in Taylor's creek, had very low stomach fullness values. This result is in contrast to a 

number of other studies which have shown that fishes frequenting salt marshes and their creeks 

in both Australia and North America foraged in these habitats (Knieb & Stiven 1978, Byrne 1978, 

Kleypas & Dean 1983, Morton et al. 1987, Rozas & LaSalle 1990, Allen et al. 1995). Feeding 

studies on mullet in southern African estuaries have shown that these fishes are detritivores with 

benthic micro-algae forming an important component of their diet (Masson & Marais 197 5, 

Blaber 1976). Benthic micro-algal surveys conducted on the creek surface as well as the main 

creek shallows indicated a considerably lower concentration of micro-algal availability in the creek 

compared to the estuary channel (Adams pers.comm.), which may have accounted for the lack 

of feeding by mullet in the former area. In Taylor's creek no fish were found to feed directly on 

detrital matter as was found for menhaden in some North American salt marshes (Lewis & Peters 

19 84). Juvenile Atlantic menhaden (Brevoortia tyrannus) living in salt marshes inN orth Carolina 

feed primarily on vascular plant detritus, demonstrating an efficient direct link from marsh primary 

production to fishery utilization (Lewis & Peters 1984). 
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Table 7.6 A literature review of the dominant food items recorded for the 20 most common fish 

species caught in Taylor's intertidal salt marsh creek. Food items recorded from the literature 

were from the same size range offish as those caught in Taylor's intertidal salt marsh creek. 

Species 

Liza dumerilii 

Gilchristella aestuaria 

Mugil cephalus 

Dtplodus sargus capensis 

Atherina breviceps 

Psammogobius knysnaensis 

Rhabdosargus holubi 

L fza tricuspidens 

Rhabdosargus globiceps 

Pomadasys commersonnii 

Glossogobius callidus 

Terapon jarbua 

Myxus capensis 

Caffrogobius natalensis 

Pomadasys olivaceum 

M onodactylus falciformis 

Caffrogobius gilchrist/ 

Liza richardsonii 

Solea bleekeri 

Sarpa salpa 

Dominant food items 

Particulate organic matter, diatoms, macrophytic plant 

material, foraminiferans and gastropods. 

Copepods, ostracods, mysids, macruran larvae, amphipods, 

chironomid larvae and diatoms. 

Particulate organic matter, diatoms, macrophytic plant 

material, foraminiferans and gastropods. 

Haipacticoid copepods, polychaetes and amphipods. 

Copepods, amphipods, isopods, ostracods, gastropods and 

insect larvae. 

Amphipods, polychaetes, isopods, insect larvae, decapods, 

copepods and ostracods. 

Filamentous algae, aquatic macrophytes and epibenthic 

invertebrates. 

Filamentous algae, macrophytic plant material, epiphytic 

diatoms and foraminiferans. 

lsopods, amphipods, decapods and copepods. 

Pelagic copepods and mysids. 

Amp hi pods and chironomid larvae. 

Copepods and amphipods. 

Particulate organic matter, pennate diatoms, terrestrial plant 

debris and filamentous algae. 

No data- possibly similar to Caffrogobius gilchrist/. 

Amphipods, polychaetes, brachyurans and anomurans. 

Copepods, isopods, amphipods and insects. 

Amphipods, isopods, brachyurans, insect larvae, macrurans, 

anomurans, poychaetes and small fish. 

Particulate organic matter, diatoms, aquatic macrophytes, 

filamentous algae and unicellular algae. 

Benthic crustaceans. 

Haipacticoid copepods. 
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Knieb and Wagner's (1994) examination of nekton use ofvegetated marsh habitats at different 

stages of tidal inundation revealed that fish species have differing potentials for exporting 

intertidal salt marsh production to other estuarine and coastal environments because of different 

life-histories and intertidal migration patterns. While Knieb & Wagner's study documented how 

far fishes penetrated the vegetated marsh surface, similar principles could be applied to the 

distance that different fish species move up an intertidal creek. Those species which were found 

to be feeding in Taylor's creek (viz. Rhabdosargus holubi and Gilchristella aestuaria) had a 

limited distribution. Both R. holubi and G. aestuaria were found predominantly in the lower or 

middle reaches (Chapter 3) with few individuals occurring in the upper reaches of the creek. 

Therefore their limited distribution would restrict their ability to export intertidal salt marsh 

production. Ironically the mullet, which were more widely distributed and would have a greater 

potential to export organic material and nutrients, did not feed within the creek. The only common 

species which fed in and was distributed throughout the creek system was Psammogobius 

knysnaensis. 

Numerous studies have shown that salt marsh creeks are the conduits for many fish species to 

reach the salt marsh surface itself. It has been established that when tides are high enough to 

inundate marshes, killifish move over the marsh surface where they feed extensively on the marsh 

fauna before returning to the creek as the tide falls (Rozas & La Salle 1990). It has also been 

demonstrated that some fish allowed access to the marsh surface have far higher growth rates than 

those individuals of the same species denied access (Weisberg & Lotrich 1982). While many 

studies have documented fishes moving onto and feeding on both tidal freshwater marshes and 

salt marsh vegetated flats (Harrington & Harrington 1961, Weisberg et al. 1981, Weisberg & 

Lotrich 1982, Kleypas &Dean 1983, Morton eta!. 1988, Rozas &La Salle 1990, Knieb 1997b), 

such foraging behaviour does not appear to apply to Taylor's salt marsh where only a small 

percentage of the overall ichthyofauna were ever found over the vegetated flats (Chapter 3). 

While the premise that salt marshes and their creeks act as important foraging areas to juvenile 

fishes, and in so doing form an important link between salt marshes and other estuarine and 

nearshore habitats, appears to be true for regularly flooded North American marsh systems (Knieb 

1997b ), it does not seem to be applicable to Taylor's salt marsh. The fact that few fishes venture 
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onto the vegetated salt marsh flats, that the dominant species do not feed extensively in the creek, 

and that those taxa which do so have a limited distribution, precludes the possibility of fishes 

acting as a significant conduit for the extensive export of nutrients and energy out of Taylor's salt 

marsh. Further research concentrating on other transient nekton, such as invertebrates, that may 

venture onto Taylor's creek needs to be undertaken to establish whether they may facilitate the 

transport of nutrients and energy. 
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Chapter 8 

A stable carbon isotope study of the food 
web in the Kariega Estuary, with particular 

emphasis on the fishes 



8.1 INTRODUCTION 

In many aquatic food webs more energy flows through detritus pathways than through grazer 

food chains (Mann 1988). Until recently it was assumed that in salt marsh dominated estuaries 

vascular plants supported food webs both within the marsh and in the adjacent water column via 

detritus based food chains (Sullivan & Moncrieff 1990). The importance of salt marshes as an 

energy source for estuarine nekton was regarded as being dependent on the amount of detritus 

that the marsh produced and the ability of the nekton to assimilate the energy bound within that 

detritus. Initial research into salt marsh dominated estuaries indicated that the high productivity 

of marshes may contribute significantly to the detrital pool within the estuary through the 

exportation of organic matter (Teal 1962, Odum & de la Cruz 1967). This export of organic 

material from salt marshes into estuaries and coastal waters formed the basis for the outwelling 

hypothesis (Odum 1980). However, further research (Dame et al. 1986, Roman & Daiber 1989, 

Dame et al. 1991, Baird & Winter 1992, Taylor & Allanson 1995) into the interactions between 

salt marshes and their adjacent waters has shown that salt marshes vary in their ability to export 

organic matter. 

Due to the nature of detritus, the composition and assimilation of its various fractions by estuarine 

nekton has been difficult to ascertain. Stable isotopic ratios of an organism's tissues provide a 

measure of the assimilated (not just ingested) time integrated diet of an animal. When these 

isotope ratios of an animal's tissue are compared to the ratios of the dominant primary producers 

in a system, both allochthonous and autochthonous, source and process data on the animal' s diet 

can be inferred. This technique therefore offers a unique way to study detrital food webs in 

estuaries (Peterson & Fry 1987). Since the initial stable isotope studies on the nekton of the tidal 

creeks and rivers of Sapelo Island, Georgia USA, first showed that the deposit feeding crabs, mud 

snails and filter feeding bivalves did not have carbon isotope ratios which corresponded to those 

of the dominant salt marsh grass (viz. Spartina) but rather an algal based diet, there has been an 

ongoing debate as to the importance of vascular plant detritus to estuarine nekton (Haines 1976, 

1977, Haines & Montague 1979, Peterson et al. 1980, Sherr 1982, Hughes & Sherr 1983, 

Peterson eta/. 1986, Couch 1989, Sullivan&Moncreiff1990, Currin eta!. 1995, Kwak&Zedler 

1997, Page 1997). 
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Stable carbon isotope analysis in South African estuaries has been limited (de Villiers 1990, J erling 

& Wooldridge 1995, Schlacher & Wooldridge 1996). The work ofJerling & Wooldridge (1995) 

and Schlacher & Wooldridge (1996) on the Sundays and Gamtoos systems, both ofwhich have 

a perennial freshwater input, phytoplankton blooms and limited aquatic macrophyte resources, 

has emphasized the importance of phytoplankton as a carbon source for nekton. In the marine 

dominated Kariega Estuary, de Villiers (1990) found that the infaunal bivalve Solen cylindraceus 

utilized a depleted source of carbon, most likely terrestrial plant detritus rather than that of the 

enriched dominant estuarine macrophytes Zostera capensis and Spartina maritima. This chapter 

aims, through the use of carbon isotopes, to ascertain the extent to which the dominant salt marsh 

plants are utilized as an energy source by the fishes and invertebrates in the Kariega Estuary. 

8.2 MATERIALS AND METHODS 

Samples for carbon isotope analysis were collected in September 1993 and October 1994. All 

sampling was restricted to the middle reaches of the Kariega Estuary between Galpin's and 

Grant's salt marshes. 

SAMPLE COLLECTION AND PREPARATION 

Fish 

All fishes were collected in the main channel. Where possible fish were kept overnight in filtered 

estuarine water to allow for gut clearance. If this was not possible, or if the fish died during the 

overnight purging period, the contents of the stomach and intestine were removed. At least 10 

individuals of a given species were then pooled, homogenised and freeze dried. In the case of 

larger species, which could not be homogenised whole, approximately equal weights of dorsal 

muscle were collected from each individual, pooled and then freeze dried. Muscle tissue was 

selected as it is easy to sample and is known to have a carbon isotope ratio similar to that of 

whole fish (Fry 1977). 

As many fish species utilize estuaries for only part of their life-history, sampling was restricted to 

those cohorts known to have spent the majority of their life within the confines of the Kariega 

Estuary. Thus both juvenile and adult members of the resident estuarine fish fauna were analysed, 
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whereas only juveniles were analysed for those marine species which are known to use estuaries 

as nursery areas. The adults of these transitory species were excluded as they may have spent 

substantial periods of time in the marine environment. 

Invertebrates 

All invertebrates, with the exception of the zooplankton, were kept overnight in filtered estuarine 

water to allow for gut clearance. The samples of Upogebia ajricana, Palaemon pacificus, 

Sesarma catenata and Paratylodiplax edwardsii comprised more than 50 individuals which were 

pooled, homogenised whole and freeze dried. Due to the large size of Scylla serrata, only the 

muscle tissue of 9 specimens were pooled and analysed. Although the estuarine invertebrates 

sampled have a short marine larval stage, with S. serrata and P. pacificus also having a marine 

breeding phase, all specimens collected were of a size where they would have spent the majority 

of their life-history in the estuary. The zooplankton was sampled using a 200 J..lm mesh conical 

plankton net. After the removal of detritus the samples were homogenised and freeze dried. The 

flesh of 25 Solen cylindraceus was dissected out of the shell, pooled, homogenised and then 

freeze dried. 

Vegetation and epiphytes 

All vegetation samples were rinsed in filtered estuarine water and oven dried at 50°C to a constant 

mass. The dried material was then ground up using a mortar and pestle. Spartina maritima, 

Chenolea diffusa, Sarcocomia perennis and Zostera capensis were all harvested just above the 

sediment surface. Tidal wrack collected along the high water mark and leaves from the 

overhanging terrestrial vegetation were also sampled. Epiphytes were carefully collected from 

submerged Zostera capensis, concentrated by centrifugation and then freeze dried. 

Sediments 

Sediment samples were collected from the intertidal creek in Taylor's salt marsh and from the 

main estuary channel. Ten 1.5 em diameter core samples were removed from each area and the 

top 3 mm of sediment scraped onto a glass slide. The scrapings from each region were pooled and 

then freeze dried. 
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CARBON ISOTOPES 

Because of the relatively small size of the carbon atom and of C02, biological discrimination 

between the two carbon isotopes 12C and 13C occurs either by passive diffusion or enzymatic 

selectivity (Jackson eta!. 1986). Higher plants fall into two categories viz. those with low 0 13C 

values (-24 to -34o/oo) and those with high 0 13C values (-6 to -19o/oo), whereas algae have 

intermediate o 13C values ofbetween -12 to -23%o (Smith & Epstein 1971). With the detritus of 

most plants retaining their isotope signature and given that the isotopic composition of an animal 

reflects the composition of its diet (De Niro & Epstein 1978), the carbon isotope ratio of an 

animal will indicate its primary food source no matter which trophic pathway it was derived from. 

As with any technique, there are a number of limitations e.g. enrichment may occur between 

different trophic levels due to isotopic fractionation during assimilation and respiration (Fry & 

Sherr 1984) and one must be cautious when interpreting isotope values. This enrichment in carbon 

isotopes is small, typically ranging between zero and 1. Oo/oo per trophic level (De Niro & Epstein 

1978, Fry & Sherr 1984, Peterson & Fry 1987). Changes in the o13C of plants undergoing either 

aerobic on anaerobic decomposition is generally low (Fry & Sherr 1984). However, Spartina 

decomposing in the sediment has a lighter o13C value than living tissue but this observed shift is 

typically 2o/oo or less (Currin et al. 1995). 

Estuaries are suited to carbon isotope analysis as they generally have both C3 and C4 plants and 

therefore have very distinct end members. However, ambiguity may arise when intermediate 

sources e.g. benthic microalgae are also available. Clarification can nonetheless be derived by the 

combination of more conventional techniques with stable isotope analysis. 

Analysis 

All carbon isotope analyses were performed by the CSIR in Pretoria, South Africa. The analytical 

variation of replicate analyses in this laboratory is less than 0.2o/oo (AS. Talma, pers. comm.) All 

samples were pre-treated with dilute HCl, washed, dried and combusted in a closed system with 

ultra high pressure 0 2. Resultant C02 was frozen out and isotope ratios measured against an 

internal standard calibrated to the Chicago Pee Dee belemnite standard on a VG SIRA 24 mass 

spectrometer. The results are reported as o13C in o/oo, where 613C=ct3C/12Csamp1.)/e3C/12Cp08) -1 X 103
• 
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8.3 RESULTS 

STABLE ISOTOPE VALUES OF PRODUCERS 

The onC%o values of the vegetation sampled differed greatly, with the plants either being enriched 

or depleted in o13C (Table 8.1 and Figure 8.1). The o13C enriched species were the eelgrass 

Zostera capensis and salt marsh cordgrass Spartina maritima. The o13C values of Z. capensis (-

7.8%o and -9.5o/oo) fell well within the range reported for other seagrasses (Fry et al. 1977, 

McConnaughey & McRoy 1979, Fry et al. 1982) and were similar to the values recorded by de 

Villiers (1990). The one values for S. maritima (-l3.3%o and -13.5o/oo) are comparable to those 

found for other C4 plants and Spartina species (Haines 1976, Haines & Montague 1979, Sullivan 

& Moncrieff 1990, Currin eta!. 1995). Although comparatively enriched in o13C (Figure 8.1 ), the 

tidal wrack material was slightly more depleted in one when compared to either S. maritima or 

Z capensis, its major constituents (Table 8.1 ). The epiphytic material found onZ capensis, which 

was a composite ofboth algae and other flocculated material, had a relatively enriched one value 

(-9.1o/oo). 

The terrestrial and C3 salt marsh plants were depleted in o13C (Figure 8.1). The three terrestrial 

plant species analysed had o13C values ranging from -26.2o/oo to -27.8%o (Table 8.1), well within 

the range of -23o/oo and -30o/oo which Smith and Epstein (1971) reported for terrestrial C3 plants. 

Terrestrial vegetation collected by de Villiers (1990) on the mud surface in the middle reaches of 

the KariegaEstuary had o13C values of -23 .2o/oo and -25.Io/oo. The salt marsh plants Chenolea 

diffusa and Sarcocomia perennis had a13C values of -25.8o/oo and -24.9o/oo respectively (Table 

8.1). The a13C values for the different fractions of suspended particulates ranged from -20.8o/oo 

to -24.6o/oo (de Villiers 1990)(Table 8.1). The 10-20jlm fraction (-24.6%o) most closely 

represented the phytoplankton of the Kariega Estuary (de Villiers 1990). The sediment scrapings 

(Table 8.2) had intermediate one values, with the scrapings from the salt marsh being slightly 

more enriched (-18.7o/oo) in o13C than the channel sediment scrapings (-20.2o/oo). 
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Figure 8.1 o13C (%o) values and ranges(-) of the dominant carbon sources, invertebrates and ichthyofauna found within the Kariega Estuary. 



Table 8.1 613C values (o/oo) of the dominant primary producers in the Kariega Estuary. Suspended 

particulate values after de Villiers (1990). 

Plant species Habitat Number of Mean 13C Range 

samples values 

%o 

Chenolea diffusa Saltmarsh 2 -25.8 -25.4 - -26.3 

Sarcocomia perennis Saltmarsh 2 -24.9 -23.9 - -26.0 

Spartina maritima Saltmarsh 2 -13.4 -13.3 - -13.5 

Zostera capensis Eelgrass 2 -8.7 -7.8 - -9.5 

Zostera epiphytes Eelgrass -9.1 

Peterocelastrus tricuspidatus Terrestrial -26.2 

Pittosporum viridiflorum Terrestrial -26.5 

Schotia affra Terrestrial -27.8 

Tidal wrack Mixed -14.1 

Suspended particulates: 

>20)11Jl Channel -20.8 

10-201-lm Channel -24.6 

<lOflm Channel -21.4 

STABLE ISOTOPE VALUES OF CONSUMERS 

Invertebrates 

The majority of the invertebrates either had intermediate or enriched 613C values (Table 8.2 and 

Figure 8.1). Only two species, the mud crab Scylla serrata and bivalve Solen cylindraceus, had 

613C values less than -20%o. De Villiers (1990) also reported relatively depleted 613C values(-

21.6o/oo and -25.3o/oo) for S. cylindraceus. The zooplankton samples were also found to be 613C 

depleted ( -19. 8o/oo ). The most 613C enriched invertebrates were the shrimpsApheus crassimanus 

and Palaemon pacificus with 613C values of -11 .5o/oo and -12.6o/oo respectively (Table 8.2). The 

salt marsh crabs Paratylodiplax edwardsii and Sesarma catenata both had similar 613C values of 

approximately -15o/oo. The estuarine mudprawn Upogebia africana from within the salt marsh had 

613C values of -15.3o/oo and -15 .7o/oo, whereas those from the channel were less enriched in 613C 

(-18.0o/oo). 
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Table 8.2 o13C values (o/oo) of the dominant invertebrate species in the Kariega Estuary. 

Taxon Invertebrate species Estuarine Number of Mean Range 

and sediment habitat samples 13Cvalues 

samples (%o) 

Macrura Palaemon pacificus Eelgrass 2 -12.6 -12.2 - -13.1 

Macrura Alpheus crassimanus Eelgrass 1 -ll.5 

Brachyura Sesamw catenata Saltmarsh 2 -14.9 -14.5 - -15.3 

Brachyura Paratylodiplax edwardsii Salt marsh -15.2 

Brachyura Scylla serrata Channel -20.7 

Anomura Upogebia africana Channel -18.0 

Anomura Upogebia africana Salt marsh 2 -15.5 -15.3 - -15.7 

Pelecypoda Solen cylindraceus Channel 1 -22.4 

Zooplankton Channel 2 -19.8 -19.2 - -20.4 

Sediment Saltmarsh -18.7 

Sediment Channel -20.2 

Fish 

No fish were found to have highly depleted o13C values, with the majority of the ichthyofauna 

having either enriched (Group A -littoral) or intermediate (Group B- channel) o13C values (Table 

8.3 and Figure 8.1). The littoral fishes all had o13C values which fell within a narrow range and 

were comparatively enriched in o13C (Figure 8.1 ). This group consisted of the gobies 

Ca.ffrogobius gilchristi (-12.6o/oo), Ca.ffrogobius natalensis (-11.7o/oo) and Psammogobius 

knysnaensis ( -12. Oo/oo ); the mugilids Liza dumerilii (-12. 6%o) and Liz a richardsonii (-11. O%o ), and 

the sparid Rhabdosargus holubi (-12.4%o). The channel group, which included the dominant 

piscivorous and zooplanktivorous fishes in the system, had intermediate o13C values ranging 

between -15.1o/oo and -21.5o/oo. The piscivorousArgyrosomusjaponicus (-18.7o/oo), Lichia amia 

( -18. 8o/oo) and Elops machnata ( -18.1 o/oo) and the zooplanktivorous Hyporhamphus capensis (-

16.9o/oo), Atherina breviceps (-17.0%o) and Gilchristella aestuaria (-18.9%o) all had similar o13C 

values (Figure 8.1). The haemulid Pomadasys commersonnii had 013C values ranging from -

16.1 o/oo to -17.4%o. Monodactylusjalciformis had the most depleted o13C values which ranged 

between -18.2o/oo and -21.5o/oo. 
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Table 8.3 o13C values (o/oo) of the dominant fish species in the Kariega Estuary. 

Family Fish species Life-history Number of Mean Range 

category samples 13C values 

%o 

Clupeidae Gilchristella aestuaria Estuarine 2 -18.9 -18.2 - -19.7 

Atherinidae Atherina breviceps Estuarine 3 -17.0 -1.5.1 - -18.1 

Gobiidae Caffrogobius gilchristt Estuarine 3 -12.6 -12.7 - -13.1 

Gobiidae Cajfrogobius natalensis Estuarine -11.7 

Gobiidae Psammogoblus knysnaensis Estuarine 3 -12.0 -11.7 - -12.2 

Hemiramphidae Hyporhamphus capensis Estuarine -16.9 

Sciaenidae Argyrosomus japonicus Marine -18.7 

Carangidae Lichia ami a Marine 3 -18.8 -18.2 - -19 . .5 

Monodactylidae Monodactylus falciformis Marine 4 -19.8 -18.2 - -21..5 

Sparidac Rhabdosargus holubi Marine 3 -12.4 -11.6 - -13.0 

Hacmulidae Pomadasys commersonnll Marine 3 -16.9 -16.1 - -17.4 

Mugilidae Liza dumerilii Marine 3 -12.6 -11.0 - -13.6 

Mugilidae Liza richardsonli Marine 2 -11.0 -10 . .5 - -11.6 

Elopidae Elops mach nata Marine -18.1 

8.4 DISCUSSION 

The study by de Villiers (1990) on the pencil bait Solen cylindraceus in the Kariega Estuary 

demonstrated that this bivalve assimilated a food source depleted in o13C. This result was 

surprising as it had previously been assumed that the fauna in this C4 macrophyte dominated 

estuary utilized the detritus from these vascular plants as their primary food source. Results from 

this study indicate that s. cylindraceus in fact has the most depleted o13e value of the 21 

invertebrate and fish taxa sampled (Figure 8.1). The majority of the aquatic animals in the Kariega 

Estuary appear to be utilizing food resources based on more enriched forms of o13e. 

The o13C values for the majority of the crustaceans and littoral fishes (Figure 8.1) indicate that 

they most likely assimilate enriched o13C food sources derived from Zostera capensis and its 

associated epiphytes as well as Spartina maritima. Although carbon isotope analysis cannot 

indicate the relative proportions of the different enriched carbon sources being utilized, the most 

likely scenario is that of a mixture of S. maritima, Z. capensis and epiphytes. With enrichment 

values of between Oo/oo and 1 o/oo per trophic level (De Niro & Epstein 1978), S. maritima could 
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be interpreted as their dominant carbon source. However, unlike most other plants, the 

decomposition of Spartina has been shown to produce detritus which is slightly more depleted 

in o13C relative to its living tissue (Benner et al. 1987, Currin et al. 1995). Consequently, the o13C 

values for the majority of the crustaceans and fishes (littoral group) indicate that they assimilate 

a mixture of enriched o13C food sources. Many of the species which utilize this C4 macrophyte 

detrital and associated epiphytic carbon sources are also found in abundance within these habitats. 

All of the fishes in the littoral grouping are known to utilize either salt marshes (Paterson & 

Whitfield 1996) or eelgrass beds (Whitfield et al. 1989, Ter Morshuizen & Whitfield 1994, 

Chapter 4). The marsh crabs S. catenata and P. edwardsii are also known to be abundant in 

Spartina and Zostera stands respectively (Hodgson 1987, Taylor 1987). 

Previous studies (Fry & Parker 1979, McConnaughey & McRoy 1979) have shown that rooted 

plants in seagrass meadows are nutritionally important for animals, but the importance of epiphytic 

material has generally been overlooked. Epiphytic algae may be a primary food source in seagrass 

meadows (IGtting eta!. 1984). A likely candidate within the littoral group of fishes in theKariega 

Estuary that may partially utilize epiphytic algae is Rhabdosargus holubi. This fish species is 

known to feed on epiphytic material by ingesting Zostera capensis and stripping the epiphytic 

layers off the leafblades which are then passed through the gut undigested (Blaber 197 4, de Wet 

& Marais 1990). The o13C values for R. holubi (Figure 8.1) support the contention that they may 

assimilate the epiphytic flora associated with Z. capensis. 

Recent studies have shown that benthic microalgae may contribute significantly to salt marsh 

primary production (Sullivan & Moncrieff 1988, Pickney & Zingmark 1993) as well as being 

important components in salt marsh food webs (Sullivan & Moncreiff 1990, Currin eta!. 1995). 

Research along the South African Cape coast has indicated that estuarine benthic microalgal 

biomass may be two to three orders of magnitude higher than that of the phytoplankton 

(Rodriguez 1993). Mugilidae in South African estuaries are known to feed on detritus as well as 

on unicellular algae and meiofauna associated with sand and mud (Blaber & Whitfield 1977, 

Masson & Marais 1975). The two mullet species analysed in this study, L. dumerilii and L. 

richarclsonii, have isotope values (Table 8.3) which fall well within the range of values for benthic 

microalgae reported by Currin eta!. (1995). As the Kariega Estuary has very low microbenthic 
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algae concentrations in comparison to other South African estuaries (Adams pers. comm. ), the 

C4 macrophytes and epiphytes are probably a more significant carbon source than benthic 

microalgae. 

The channel group of fishes, the zooplankton, Solen cylindraceus and Scylla serrata all have 

carbon isotope values which are more depleted in o13C than the other crustaceans or the littoral 

fishes. These taxa utilize food chains which are based on greater proportions of o13C depleted 

carbon sources, e.g. C3 marsh plants, C3 terrestrial vegetation or phytoplankton. The carbon 

isotope values of the channel group of fishes are very similar (Figure 8.1) and this group is a good 

example of the simple premise on which much isotope research is based, "you are what you eat". 

Feeding studies in South African estuaries have shown that L. amia, E. machnata and A. 

japonicus all prey extensively on small fishes such as A. breviceps, G. aestuaria and H. capensis 

(Coetzee 1982b, Smale & Kok 1983, Marais 1984) which in turn are known to feed on 

zooplankton (Blaber 1979, Whitfield 1980, Coetzee 1982a). The similarity in the o13C values of 

the fishes in the channel group and their prey, as well as the analogous conclusions of independent 

feeding studies, indicate how two different techniques are able to validate one another. 

Although the interpretation of middle of the range carbon isotope values of consumers can be 

ambiguous, it has been postulated that the primary carbon source for food chains in estuarine and 

salt marsh channels is based mainly on phytoplankton (Peterson et al. 1986, Sullivan & Moncrieff 

1990, Jerling & Wooldridge 1995, Schlacher & Wooldridge 1996). There is, however, evidence 

to suggest that this may not be the case in the macrophyte dominated Kariega Estuary. On first 

examination, the o13C values reported by de Villiers (1990) for suspended particulate matter(-

20.8 to- 24.6o/oo) fall within the range for estuarine phytoplankton (Fry & Sherr 1984, Peterson 

& Fry 1987) and allowing for a lo/oo enrichment, match the o13C values obtained for zooplankton 

(Figure 8.1). However, de Villiers (1990) suggests that phytoplankton most closely matches the 

10-20 J..Lm fraction of the suspended particulates (-24.6o/oo) which, even with enrichment through 

a number of trophic levels, is too depleted to be a significant carbon source for the zooplankton 

(-19.8o/oo). Carbon isotope studies on other Eastern Cape estuaries have also reported depleted 

o13C values for phytoplankton. Jerling and Wooldridge (1995) found that in the Sundays Estuary 

the POC fraction with the greatest concentration of phytoplankton had o13C values of -27.0 to 
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-29. 5%o, while Schlacher and Wooldridge (1996) calculated highly depleted c513C values ( -31 .2%o) 

for suspended particulate matter in the Gamtoos Estuary. These far more depleted o13C values 

for phytoplankton in the Sundays and Gamtoos estuaries, in comparison to the Kariega Estuary, 

can be ascribed partially to the depleted DIC values found in estuaries with a significant 

freshwater input. 

Suspended particulate matter is composed of a complex mixture of phytoplankton, detritus, 

bacteria and organic particles which varies considerably both temporally and spatially with respect 

to size, distribution, composition and nutritional potential (Grange & Allanson 1995). In the 

Kariega Estuary the seston is dominated by detritus with phytoplankton stocks being extremely 

low (Grange & Allanson 1995). Allanson and Read (1995) demonstrated that in the Kariega 

Estuary only 35% of the variation in TOC was accounted for by changes in chlorophyll a, thus 

indicating that other sources of carbon are important. Although feeding on phytoplankton may 

be preferable to detritus, due to reduced fibrous material and higher nitrogen value (Mann 1988), 

the zooplankton in the Kariega Estuary may be limited in their selective feeding capabilities. Since 

the phytoplankton and detrital particles in the Kariega all fall within the nanoplanktonic size range 

(Grange & Allanson 1995), the zooplankton are likely to consume a mixture ofthese components. 

A number of possibilities exist in terms of the origin of the detrital portion of the seston on which 

the zooplankton graze. The enriched portion is undoubtedly derived from C4 macrophytes and 

epiphytes, while the depleted fraction could come from a mixture of C3 salt marsh plants, 

terrestrial vegetation and phytoplankton. The contribution made by C3 salt marsh plants is likely 

to be very small as these areas are seldom inundated and organic export from Taylor's salt marsh 

in the Kariega Estuary, which has large stands of Chenolea diffusa and Sarcocomia perennis, has 

been shown to be limited (Taylor & Allanson 1995). This is in contrast to Stribling and Cornwell's 

(1997) study of a low salinity wetland in Chesapeake Bay where C3 plants were found to be 

important primary producers. As the Kariega Estuary has a very low riverine input this precludes 

the conventional source of terrestrial material from being considered as a major detrital source. 

Nonetheless, even without this riverine source terrestrial material might still be important in the 

Kariega Estuary. The terrestrial vegetation overhanging the intertidal zone in the middle and upper 

reaches could deposit a substantial amount of leaf litter into the system. In addition, the strong 

easterly and westerly winds which blow in summer and winter respectively may also aid in 
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depositing terrestrial plant litter into the estuary. The Kariega River is known to flood every few 

years and the contribution that these pulses of freshwater have on the input of terrestrial plant 

material should not be underestimated. Allanson and Read (1995) demonstrated that in the nearby 

Keiskarnma Estuary there were considerable increases in POC after flood events. 

Although the Kariega Estuary is a hydrodynamically well mixed system, the location of an 

organism can have a profound effect on the food sources that it utilizes (Peterson eta!. 1986). 

The difference in the o13C values of the detritivore Upogebia africana (mud prawn) between the 

main channel (-18.0%o) and an adjoining salt marsh (-15.5%o) can be ascribed to the composition 

of the detrital mixture available in each region. The mud prawns which were collected in the salt 

marsh were located in a stand of Spartina maritima and therefore had an abundant supply of o13C 

enriched Spartina detritus, whereas those collected in the main channel had a detrital source 

which would have included more o13C depleted sources of carbon such as phytoplankton. The 

sediment scrapings mirror this result, with the scrapings in the salt marsh having more enriched 

o13C values in comparison to those taken in the channel (Table 8.2). These results concur with 

those of Sherr (1982) who found that Spartina carbon was more important in the intertidal 

compared to subtidal sediments of a Georgia salt marsh estuary. 

Pomadasys commersonnii is known to feed extensively on U. africana (van der Westhuizen & 

Marais 1977, Marais 1984) and the similar o13C (Figure 8.1) values of predator and prey support 

this link. This haemulid is uncommon on Taylor's salt marsh (Paterson & Whitfield 1996) but 

abundant in the channel of the Kariega and other Eastern Cape estuaries (Baird & Marais 1980, 

Plumstead eta!. 1989a, Whitfield et al. 1994). Allowing for trophic enrichment, the o13C values 

of P. commersonnii match those of the U. africana found in the channel (Table 8.2). 

The role of macrophytes in the food web of the freshwater deprived Kromme Estuary, which is 

similar to the Kariega in terms of size and extent of salt marshes, has recently been studied by 

Heymans & Baird (1995). Within the Kromme system, marsh macrophytes and halophytes were 

the dominant primary producers, with phytoplankton contributing very little to the overall energy 

flow. In addition, very little of this macrophyte and halophyte production enters the grazing food 
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web but it does contribute substantially to the detrital food chain. The Kramme study did not, 

however, discern whether only some or all of these salt marsh detrital sources were assimilated 

by the different estuarine organisms. 

Vegetation key 

1i7f.iiWJ Sarcocornia perennis & ~ Zostera capensis 
mi.lJ Chenolea diffusa !1:....'J!LJ 

lfifJ Spartina maritima ~ Terrestrial vegetation 

I!I!J Phytoplankton · CHANNEL PATHWAY 
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Figure 8.2 Diagrammatic representation of carbon flows within the Kariega Estuary food web. 
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In conclusion (Figure 8.2), a mixture ofboth the C4 macrophytes, Z. capensis and S. maritima are 

very important primary food sources for many of the dominant invertebrate and fish species in the 

Kariega Estuary. The relative importance of these two macrophytes does however differ with 

respect to the two dominant food chains within the system. The littoral pathway, which includes 

the littoral group of :fishes as well as the majority of the crustaceans, is a o13C enriched pathway 

which utilizes a mix of detritus from Z. capensis and S. maritima as well as epiphytes. In the 

channel pathway, C4 macrophytes counterbalanced the more depleted sources of o13C arising from 

a mixture of phytoplankton and terrestrial detritus. Studies elsewhere (Haines & Montague 1979, 

Hughes & Sherr 1983, Peterson et al. 1986) suggest that whereas the littoral fauna are more 

reliant on Spartina detritus, phytoplankton are more important to the filter feeding and subtidal 

fauna. In answering the initial question as to the importance of salt marshes in the Kariega 

Estuary, it would appear that the C3 salt marsh plants S. perennis and C. diffusa are not utilized 

as a primary food source by the nekton in the Kariega Estuary while the C4 salt marsh plant S. 

maritima may be utilized by the estuarine fauna. The relative importance of the two dominant C4 

vascular plant sources Z. capensis and S. maritima to the nekton of the Kariega Estuary will only 

be established through a multiple isotope study. The most promising approach would be to use 

a combination of carbon, nitrogen and sulphur stable isotopes, but unfortunately this technique 

is currently unavailable in South Africa. 
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Chapter 9 

Concluding discussion 



9.1 STRUCTUREANDFUNCTIONOFICHTHYOFAUNALASSEMBLAGESASSOCIATED 

WITH SALT MARSHES IN THE KARIEGA AND OTHER ESTUARIES 

Most ichthyofaunal salt marsh research has been conducted along the east and Gulf coasts of 

North America (90%) which makes worldwide comparisons between systems difficult (Connolly 

in press). While salt marshes in North America vary from region to region they are generally very 

different to those found in the Kariega Estuary as they are usually an order of magnitude larger, 

have a more complex network of tidal creeks and are inundated more frequently and for longer 

periods. Australian and European salt marshes are similar to those in the Kariega Estuary in that 

the vegetated salt marsh surface is only accessible to fishes on spring high tides and they have 

short hydroperiods (Cattrijsse et al. 1994, Connolly et dl. in press, Knieb 1997b). However, 

Australian salt marshes differ from South African systems in that they often occupy the zone 

landward of mangroves (Connolly et al. in press). 

Despite the differences in marsh size, hydroperiod, complexity and location there were a number 

of similarities in the characteristics offish assemblages associated with salt marshes in the Kariega 

Estuary and those found elsewhere in the world. Differences were however apparent in the 

manner and extent to which fishes utilized salt marshes and their creeks in the various regions. 

Composition: The composition of the ichthyofauna that frequented the intertidal salt marsh creeks 

in the Kariega Estuary (Figure 9.1) had a number of similarities to shallow tidal marsh creeks 

studied in North America. For example, many tidal marsh creeks in North America had a 

significant percentage of marine transient fish species; the fish assemblages were generally only 

dominated by a few species and the majority of fishes were 0+ juveniles, indicating that the habitat 

may serve as a nursery area (Cain & Dean 1976 - South Carolina, Weinstein 1979 -North 

Carolina, Bozeman & Dean 1980- South Carolina, Weinstein & Brooks 1983- Virginia, Smith 

eta!. 1984- Virginia, Rountree & Able 1993-New Jersey). Research in Australia (Morton et al. 

1987 - Queensland) and Europe (Mathieson eta/. in press b - Scotland) also indicated that the fish 

fauna associated with shallow tidal salt marsh creeks in these regions were dominated by a few 

species of which the majority were juveniles. A study comparing the structure and functioning of 

fish assemblages in European salt marshes (Mathieson et al. in press a) has also demonstrated that 

salt marsh creeks in the Mira and Forth estuaries were dominated by juvenile marine taxa. 

156 



South Africa's east coast is dominated primarily by an Indo-Pacific ichthyofauna (Smith & 

Heemstra 1986). However very few salt marsh fish studies have been conducted in this region, 

making geographical comparisons between the fish species and families that use these habitats 

difficult. One of the few studies of fishes on salt marshes indicated that a tidal creek in Moreton 

Bay, Australia, was dominated by mugilids and sparids (Morton et al. 1987), the same two 

families which dominated Taylor's creek (Chapter 2). 

As with the Kariega creeks (Figure 9.1), the Moreton Bay tidal creek (Morton et al. 1987) was 

dominated by juvenile fishes with very few piscivorous fishes being recorded. The occurrence of 

large piscivorous fishes in tidal marsh creeks varies from system to system but many studies have 

found that shallow tidal fresh and salt water creeks have few piscivorous fishes and may therefore 

offer some refuge to juvenile fishes (Shenker & Dean 1979, Reis & Dean 1981, Rozas & Hackney 

1984, Morton et al. 1987, Paterson & Whitfield 1996). On the other hand, some investigations 

in shallow tidal creeks have recorded piscivorous fishes e.g. sea trout, bluefish and bass (Hackney 

& de Ia Cruz 1981, Josselyn 1983, Teal 1986, McMichael & Peters 1989, Rountree & Able 

1997). An examination of the feeding guilds of fishes frequenting the salt marsh creeks in the 

following estuarine systems, Kariega (South Africa), Cadiz Bay (Spain), Mira (Portugal), Loire 

(France), Westerschelde (Netherlands), Humber (United Kingdom) and Forth (United Kingdom), 

indicated an almost complete absence of primarily piscivorous fishes in all sites (Mathieson et al. 

in prep). This finding supports the view that tidal marshes containing fish assemblages with high 

proportions of juvenile individuals may provide significant refugia for life-stages vulnerable to 

predation (Mathieson et al. in prep). 

Distribution: North American studies have shown that fishes frequent both tidal salt and 

freshwater marshes, and that within these systems there are differences in the ichthyofaunal 

assemblages associated with the various physiographic features e.g. creeks, vegetated marsh edge, 

marsh interior and high marsh pools (Zimmerman & Minella 1984, Talbot & Able 1984, Rozas 

& Odum 1987a, Hettler 1989, Rozas & Reed 1993, Baltz et al. 1993, Knieb & Wagner 1994, 

Peterson & Turner 1994). Fishes have been found to utilize the vegetated marsh surface in both 

high (Talbot & Able 1984) and low marshes (Rozas & Reed 1993). The transition zone between 

creeks and the vegetated marsh surface has also been shown to be very important, with many 
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species being concentrated in the first few metres of the marsh (Peterson & Turner 1994, Minella 

eta!. 1994). In general it has been established that fishes utilizing the vegetated marsh surface are 

mainly resident on or near the marsh surface for their entire life cycle while those species that 

congregate around the marsh edge are juveniles of transient species, which spawn elsewhere in 

the estuary or nearshore zone (Peterson & Turner 1994). 

In contrast to the findings reported above, the vegetated habitats in the salt marshes of the 

Kariega Estuary do not appear to be significantly utilized by fish (Figure 9.1) and no species 

actively seek out this habitat on the flood tide (Chapter 3). The species that stray into the 

Sarcocomia perennis and Spartina maritima flats were predominantly marine transient species 

(Chapter 3). A recent study on an inundated salt marsh flat in a temperate Australian estuary has 

also shown that vegetated salt marsh flats have very low densities of fishes and far fewer species 

than the adjacent intertidal creeks (Connolly et al. in press). The fishes and crustaceans in 

European salt marshes are also thought to be confined to tidal creeks with few fishes being able 

to utilize the vegetated marsh flats (Cattrijsse et al. 1994, Knieb 1997b ). 

These differences in the distribution of fishes in South African, European and Australian salt 

marshes in comparison to the North American systems is thought to be related to the 

hydroperiods ofthe marshes in the different regions ( Cattrij sse eta!. 1994, Knieb 1997b,"Connolly 

eta!. in press). Hydroperiod (frequency and duration of flooding) influences access to the 

different marsh habitats and thus controls potential habitat use (Knieb & Wagner 1994, Rozas 

1995, Knieb 1997b). In comparison to North American salt marshes the dominant salt marsh 

vegetation occurs higher up the tidal profile in South African, Australian and European estuaries 

(Goodman 1958, Pierce 1979, McKee & Patrick 1988, O'Callaghan 1994, Adams & Bate 1998) 

and thus these marshes are only flooded during high amplitude spring tides, limiting the availability 

of the vegetated marsh surface as refuge and feeding areas. Other factors which may result in low 

utilization of the vegetated salt marsh flats in the Kariega Estuary are the lack of piscivorous 

fishes in the creek habitat, the difference in morphology and distribution of Spartina maritima in 

comparison to Spartina alterniflora and the possibility of the structurally complex, widely 

distributed eelgrass (Zostera capensis) fulfilling any ichthyofaunal need for a shallow water 

vegetated habitat in the Kariega Estuary (Chapter 4). 
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The distribution offishes within Taylor's creek also showed distinctive species specific patterns 

and while the system is structurally simple, with only a single intertidal creek (stream order 1 ), the 

different reaches of the creek had substantially different fish assemblages (Chapter 3). The 

distribution patterns exhibited by many of the fish species in Taylor's creek is probably related to 

depth and the distance from the adjacent eelgrass beds. North American studies have also revealed 

longitudinal distribution patterns within tidal creeks, e.g. Weinstein (1979) showed that fishes tend 

to congregate in the upper reaches of tidal creeks in the Cape Fear River, North Carolina and 

Hap lin ( 1997) demonstrated that Fundulus heteroclitus was found predominantly in the upper 

reaches of intertidal creeks in New England. Stream order has also been shown to greatly 

influence the distribution of fishes in a tidal freshwater marsh (Rozas & Odum 1987a) but the salt 

marsh creeks in the Kariega Estuary are not complex, making comparable studies difficult. 

One of the biggest differences in ichthyofaunal utilization of the Kariega salt marshes, and many 

of those in North America, is that the former's salt marsh vegetated surface and intertidal creek 

are fully drained at low tide which results in almost no standing water in the system and therefore 

no permanent marsh residents (Chapter 3). In contrast, many salt marshes in North America have 

tidal creek systems and pools that do not drain fully at low tide (Peterson & Turner 1994, Knieb 

1997a). The availability of standing water over low tide has resulted in many species being able 

to reside in the marsh system throughout the tidal cycle and their entire life-histories (Knieb 

1997a,b). Indeed, many of their classification systems of fish utilization of salt marshes are 

orientated around whether fishes are resident on the marsh and how far they penetrate into the 

vegetation at high tide (Peterson & Turner 1994). 
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Figure 9.1 Diagrammatic representation of the characteristics of the fish assemblages associated with the dominant habitats in the Kariega Estuary. 



Comparative studies in North America have found that salt marsh creeks have a distinctive 

ichthyofaunal assemblage when compared to other estuarine habitats e.g. eelgrass, sea lettuce, 

macroalgae, channels and open bay areas (Weinstein & Brooks 1983 -Delmarva Peninsula, 

Virginia; Sogard & Able 1991- Little Egg Harbour Great Bay system, New Jersey; Szedlmayer 

& Able 1996 -Little Egg Harbour Great Bay system, New Jersey). In comparisons between tidal 

creeks and adjacent eelgrass beds the tidal creeks were found to have a lower diversity but higher 

density of fishes (Weinstein & Brooks 1983, Sogard & Able 1991). In contrast, the eelgrass beds 

adjacent to the salt marshes in the Kariega Estuary generally had a similar diversity but higher 

density and standing stock of fishes compared to the salt marsh creeks (Figure 9.1)(Chapter 4). 

The -fish assemblage that frequented the salt marsh creeks in the Kariega Estuary was also 

different to that found in the main channel (Chapter 6), with the two regions having different 

dominant species and life-stages offish (Figure 9.1). 

Feeding and predation: The fish utilization of Taylor's salt marsh differed from findings in other 

systems in that the dominant fish species which occurred in the marsh did not feed (Figure 9.1). 

Those species which did forage were confined to the lower and middle reaches of the intertidal 

creek (Chapter 7). Studies in North American (Knieb & Stiven 1978, Kleypas & Dean 1983, 

Lewis & Peters 1984, Rozas & LaSalle 1990, Miltner eta/. 1995, Allen eta/. 1995), Australian 

(Morton eta/. 1987, 1988) and European (Cattrijsse eta/. 1994) estuaries have shown that fishes 

feed extensively in tidal marshes and their creeks. Experiments have even shown that species (e.g. 

Fundulus heteroclitus) which are experimentally restricted from foraging on the vegetated marsh 

surface lose weight (Weisberg & Lotrich 1982). 

The role that shallow tidal creeks play as refuge areas has been widely debated. Some studies have 

shown low abundances of piscivorous fish (e.g. Shenker & Dean 1979, Reis & Dean 1981, Rozas 

& Hackney 1984, Morton eta!. 1987, Mathieson eta! in prep) while others have shown that 

predatory transient marine species are found in shallow marsh creeks and that the refuge role of 

shallow tidal creeks is questionable (e.g. Rountree & Able 1997). This study has shown that tidal 

creeks in the Kariega Estuary are areas of low fish predation as very few piscivorous fishes are 

found in these habitats (Figure 9.1). The dominant fish species which do frequent the salt marshes 

do not feed on fish and there is limited avian, conspecific and crustacean predation on fish_ 
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Many studies (Valiela eta!. 1977, Bozeman & Dean 1980, Weinstein eta/. 1980, Weinstein & 

Walters 1981, Weisberg & Lotrich 1982, Talbot & Able 1984, Knieb & Wagner 1994, Allen et 

a/. 1995) have cited fish as being important links through which the high production associated 

with marshes is exported into the adjacent estuary and nearshore zone. The lack or restricted 

distribution of fishes feeding on the Kariega salt marshes, as well as the refuge which this habitat 

provides for juvenile fishes, casts some doubt on the above scenario being the case in the Kariega 

salt marshes. Knieb' s ( 1997b) 'trophic relay' hypothesis, which demonstrates how fishes are part 

of a mechanism by which marsh production moves horizontally across the marsh surface into the 

estuary, is not valid for the Kariega salt marshes as key elements of the hypothesis (e.g. that 

resident fishes forage on the vegetated marsh surface and that predatory fishes move into the salt 

marsh creeks to feed on these resident fish and other nekton) are not present in the Kariega salt 

marsh systems. The possible route through which marsh production could be exported out of the 

Kariega salt marshes by fishes is by way of those species which feed in the lower and middle 

reaches of the intertidal creek. However, there are also constraints on this route as one of the 

dominant species that forage in this region, Gilchristella aestuaria, feeds extensively on 

zooplankton which may be imported into the system from the main channel during the high tide. 

Carbon isotope values for G. aestuaria indicate that this species corresponds to those taxa which 

belong to the channel grouping of nekton and use a wide range of primary carbon sources 

including phytoplankton (Chapter 8). The role that Kariega Estuary fishes may play in 

transporting production off local salt marsh systems where there is limited access to the highly 

productive vegetated marsh must therefore be questioned. 

9.2 A PRELIMINARY MODEL OF THE IMPORTANCE OF SALT MARSHES AS ENERGY 

SOURCES TO THE ICHTHYOFAUNA OF THE KARIEGA ESTUARY 

Salt marshes are one of the most productive habitats on earth (Mitsch & Gosselink 1993, 

Vernberg 1993) and the role that these systems play in estuaries and the nearshore zone has been 

debated for over three decades. In particular the question as to whether salt marshes export 

organic material into estuaries, therefore providing important food sources for primary consumers 

and thus trophic support to adjacent estuarine and nearshore waters, has been widely investigated 

(Teal 1962, Odum & de la Cruz 1967, Nixon 1980, Odum 1980, 1984). A range of techniques 

have been employed to examine this question (see Odum 1984) with two of the major thrusts 
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being flux and isotope studies. The flux studies have concentrated primarily on the exchange of 

POC and DOC between salt marshes and the adjacent estuary through tidal action, and gave little 

cognisance to the functional role of nekton (Deegan 1993, Knieb 1997b). The results of these 

studies have shown that salt marshes vary greatly in their ability to export authochthonous 

production (Dame et al. 1986, Roman & Daiber 1989, Dame et al. 1991, Baird & Winter 1992, 

Taylor & Allanson 1995, Murray & Spencer 1997). Similarly, isotope studies which centred on 

whether the vascular detritus produced by salt marshes is actually assimilated (directly or 

indirectly) by the estuarine nekton have also come to varying conclusions as to the importance of 

this resource in the functioning of estuarine systems (Haines 197 6, Haines & Montague 1979, 

Peterson eta/. 1986, Currin et al. 1995, Paterson & Whitfield 1997, Stribling & Comwell1997). 

The Kariega Estuary, its salt marshes and the fishes associated with them have been the focus of 

a number of studies, e.g. POC and DOC fluxes out of Taylor's marsh (Taylor & Allanson 1995); 

a carbon isotope analysis examining the importance of salt marshes to fishes (Paterson & Whitfield 

1997, Chapter 8); the distribution and abundance of fishes in a variety of habitats (Paterson & 

Whitfield 1996, Chapters 2 - 6) and an appraisal of the potential for fishes to export marsh 

production (Chapters 7 & 9). This range of studies, using different techniques, affords the 

possibility to develop a conceptual model indicating: 

• the principal sources of primary production; 

• where this production is situated; 

• whether it is exported; 

• and finally if it is utilized (directly or indirectly) by the fishes in the Kariega Estuary. 

The assimilation of organic carbon originating from the primary producers is predominantly 

indirect as few fish feed directly on living or detrital plant tissue. 

Odum (1984) developed a model of the carbon sources available to primary consumers along a 

marsh stream order gradient. A fundamental difference between the two models is that the 

proposed model incorporates both the availability of organic carbon produced by the primary 

producers as well as whether fishes utilize it, while Odum's model concentrated only on 

availability. The proposed model is a generalised one as fish feeding behaviour and distribution 
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is complex and some species may be found in one habitat yet feed in another. In addition, the 

exact ratios of the carbon deriyed from the primary producers may differ amongst fish species due 

to their varying feeding habits. The model is aimed specifically at the fishes in the middle reaches 

of the Kariega Estuary and the role of other nekton e.g. crustaceans is not included. 

: ---- ·- - ----- -
: I CJ Sllltmarsli macrophytes · 
l ! - Spartina llllll'itimu . 
: . _ __ Zoster11 ,·api:IIsi.v · 
! , .... Ph}'"tllplnnl;.ton 
: , Benthic micro:rlgtlc 
l 1 Terrestrial p lant detritus 
I 
I 
I 
I 
I • I 
I 

' ' • 
' ! 

- -
- -----

t 

Salt marsh Tidal creek Eelgrass beds Subtidal channel 

Intertidal Subtidal 

Figure 9.2 Conceptual model of the availability and utilization of organic carbon derived from the 

dominant primary producers by 0+ juvenile fishes in the middle reaches of the Kariega Estuary. 
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C3 SALT MARSH PLANTS - Sarcocornia perennis and Chenolea diffusa 

Importance to fish: C3 salt marsh plants do not form an important habitat (Chapter 3) nor act as 

a significant energy source to fishes in the Kariega Estuary. 

Rationale: The availability ofC3 detritus is high within the salt marsh habitat (Figure 9.2) but very 

few fishes frequent the S. perennis or C. diffusa beds. Limited feeding occurs in the salt marsh 

habitat as a whole and thus the utilization of this detrital source within the system is low (Chapters 

3 & ?).While it has been hypothesised that salt marshes may export organic matter into their 

adjacent estuary, the export of detrital material into the Kariega channel by tidal action was found 

to be minimal as the short hydroperiod associated with the Kariega salt marshes facilitates 

exchanges of gaseous carbon with the atmosphere rather than organic carbon with the estuary 

(Taylor & Allanson 1995). Furthermore, both S. perennis and C. diffusa form dense horizontal 

mats and are therefore more likely to trap detached plant material, in comparison to plants with 

vertical copies, resulting in decomposition within the marsh rather than export into the adjacent 

estuary (Taylor & Allanson 1995). The limited export ofC3 detrital matter out of the salt marsh 

results in low availability of this detrital source within the main channel environment (Figure 9 .2). 

The insignificant role that both S. perennis and C. diffusa play as energy sources to the Kariega 

Estuary fishes is further illustrated by these plants having a highly depleted carbon isotope 

signature, while the majority of ichthyofauna in the estuary have an enriched signature. The 

considerable difference in the signatures indicates that the organic carbon originating from these 

primary producers is not extensively utilized by the fishes in the Kariega Estuary (Chapter 8). In 

contrast to the Kariega salt marshes, C3 marsh plants have been found to be important primary 

producers in low salinity tidal creek systems in Chesapeake Bay (Stribling & Cornwell 1997). 

C4 SALT MARSH PLANTS - Spartina maritima 

Importance to fish: Spartina maritima is not an important habitat but may be a significant energy 

source for fishes in the littoral reaches of the Kariega Estuary. Further research must however be 

undertaken to fully assess the importance of this primary producer. 

Rationale: The availability of Spartina maritima detritus is high within the salt marshes of the 

Kariega Estuary but decreases as one moves down the intertidal zone into the main estuary 

channel (Figure 9. 2). Despite the high availability, utilization of this detritus is low. Few fishes are 

found in the S. maritima beds and the dominant ichthyofaunal species which frequent the salt 
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marshes do not forage there (Chapter 7). Utilization may however be slightly higher in the lower 

reaches of the intertidal creek (Figure 9.2) as some fish (e.g. R. holubi) are found to feed there 

(Chapter 7). 

Within the intertidal and channel regions of the estuary the role of S. maritima is questionable. 

Carbon isotope ratios of the dominant fishes in the Kariega Estuary indicate that some fish species 

which are generally found in the littoral reaches of estuaries (e.g. Caffrogobius gilchristi, 

Ca.ffrogobius natalensis and Rhabdosargus holubi) utilize an isotopically enriched source of 

carbon which is probably derived from a mixture of S. maritima and Z. capensis (Chapter 8). 

Unfortunately carbon isotopes on their own cannot establish the extent to which each primary 

producer is being used. One hypothesis is that S. maritima detritus is a relatively important 

organic carbon source to fishes in the littoral reaches, but contributes less to fishes that are 

associated with the pelagic channel environment (Figure 9 .2). This hypothesis is partly supported 

by the isotope study conducted on the Kariega Estuary but until a multiple isotope study is 

conducted it cannot be confirmed (Chapter 8). In contrast to this, a second hypothesis is that S. 

maritima detritus does not act as an important energy source to fishes in the Kariega Estuary at 

all. Taylor's salt marsh which has S. maritima beds in its lower reaches showed very little export 

ofPOC or DOC and the S. maritima marshes in the nearby Swartkops Estuary were also shown 

to contribute very little detritus to the estuary (Baird & Winter 1992). The salt marshes in both 

the Kariega and Swartkops estuaries appear to retain the bulk of their production and function 

as independent sub-compartments within those systems. As the majority of S. maritima in the 

lower and middle reaches of the Kariega Estuary is found in distinct salt marshes (rather than in 

thin strips along the banks of the estuary) and there is little export out of these marshes, the 

availability and utilization of the organic carbon derived from this primary producer will decrease 

rapidly as one moves away from the salt marshes and into the subtidal environment. 

Other evidence indicating that S. maritima is not a natural energy source in South African 

estuaries is that this species is thought to have originated in the Northern hemisphere and may be 

an exotic first translocated to South Africa in the 1800s (Pierce 1979, 1982). Furthermore it can 

be argued that the 'Spartina paradigm' which promotes the importance of Spartina alterniflora 

in the functioning of many North American estuarine systems may not be valid in the South 

African context. 

166 



The reasons for this are that: 

• S. maritima has far lower production values in comparison to S. alterniflora (Pierce 

1979); 

• export of macro-detritus and POC out of S. maritima salt marshes is low (Pierce 1979, 

Baird & Winter 1992, Winter et al. 1996); 

• very few fishes are found to frequent or feed inS. maritima beds (Chapter 3 and 7); 

• and it may be a relatively recently introduced plant and is thus not well integrated 

ecologically. 

EELGRASS - Zostera capensis 

Importance to fish: Zostera capensis (including its associated epiphytes) is a very important 

habitat and energy source to fishes in the Kariega Estuary. 

Rationale: The availability of Zostera capensis as an energy source is highest in the intertidal 

reaches where extensive beds are found, decreasing as one moves into the subtidal environment 

(Figure 9.2). Fish utilization of eelgrass beds in the littoral areas of South African estuaries is high 

(Beckley 1983, Whitfield et al. 1989, Ter Morshuizen & Whitfield 1994) and many species have 

been shown to feed within and on this macrophyte (Blaber 1974, de Wet & Marais 1990, 

Whitfield 1988). Carbon isotope signatures of the dominant nekton in the Kariega Estuary have 

indicated that Zostera capensis and its associated epiphytes are most likely an important primary 

food source to fishes that are associated with the littoral reaches of the system (e.g. C. gilchristi, 

C. natalensis and R. holubi). Eelgrass however contributes only partially to the organic carbon 

utilized by fishes in the subtidal pelagic channel environment (e.g. L. amia and E. machnata) 

(Chapter 8). 

PHYTOPLANKTON 

Importance to fish: Phytoplankton is a relatively important primary producer to fish in the pelagic 

channel environment. 

Rationale: In the Kariega Estuary the seston is dominated by detritus, with low phytoplankton 

stocks (Grange & Allanson 199 5) resulting in the system being regarded as oligotrophic ( Allanson 

& Read 1995). The availability of this phytoplankton is highest in the well mixed subtidal channel 

and then decreases towards the intertidal zone (Figure 9.2). Fish utilization of phytoplankton is 
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greatest by those species associated with the pelagic channel envirorunent, declining markedly in 

the littoral zone. The carbon isotope signature of the phytoplankton fraction of the suspended 

particulates was too depleted to be a significant carbon source for many of the littoral fish species 

(e.g . Rhabdosargus holubi). However phytoplankton probably contributes to the detrital pool 

utilized by nekton in the channel environment (e.g. Gilchristella aestuaria andHyporhamphus 

capensis) (Chapter 8). 

TERRESTRIAL PLANTS 

Importance to fish: In comparison to estuaries with high freshwater inputs, terrestrial plant 

detritus is not an important carbon source within the Kariega Estuary. 

Rationale: As the intertidal reaches of the Kariega Estuary are overhung by terrestrial vegetation, 

terrestrial plant detritus availability is highest in this region and then decreases towards the salt 

marsh and subtidal channel envirorunents (Figure 9.2). In comparison to freshwater dominated 

systems, the attenuated river flow associated with the Kariega Estuary results in low quantities 

of terrestrial plant detritus in the subtidal channel habitat. The carbon isotope signatures of fishes 

associated with the littoral zone (e.g. Rhabdosargus holubi and Psammogobius knysnaensis) are 

more enriched in comparison to the highly depleted terrestrial plants, thus eliminating terrestrial 

detritus as a significant contributer to the littoral organic carbon pool utilized by nekton (Chapter 

8). Terrestrial plant detritus may however be one of the more isotopically depleted carbon sources 

utilized by nekton in the channel pathway (Chapter 8). 

BENTHICMUCROALGAE 

Importance to fish: Benthic microalgal availability is low throughout the Kariega Estuary and 

does not appear to be a dominant energy source in this system. 

Rationale: In comparison to other Eastern Cape estuaries, the Kariega Estuary had very low 

benthic algal concentrations (Adams pers. comm.). The distribution ofbenthic microalgae in this 

estuary indicated that all the habitats sampled had reduced benthic microalgal levels, with the 

lowest concentrations being found in the intertidal salt marsh creeks (Adams & Paterson 

unpublished data). While carbon isotope values are not available for the benthic micro algae in the 

KariegaEstuary, carbon isotope values from the literature indicate that they could be an important 

energy source for mugilids (Chapter 8). 
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The difference in availability and utilization of the energy associated with different primary 

producers in the various habitats within the KariegaEstuary (Figure 9.2) emphasises the need for 

a cautionary approach when interpreting a primary producer's importance in the functioning of 

a system. The fact that there is little export of macro-detritus, POC and DOC out of the salt 

marshes studied thus far in southern Africa, and that few fishes move into these systems to feed, 

indicates that the role that salt marshes play as an energy source to the adjacent estuary may be 

minimal. Heymans & Baird's (1995) study on the Kromme Estuary, another marine dominated 

Eastern Cape estuary, contends that the main primary producers within that system are the 

dominant salt marsh plants, with the majority of production being broken down into sediment 

detritus which is then utilized within the estuary. Their study did not however consider the 

availability of that detritus to the nekton of the system, and whether it was assimilated (directly 

or indirectly) or not. The results of this thesis indicate that the assumption that the majority of salt 

marsh detritus is available and is/can be assimilated by the nekton may be flawed. 

9.3 FUTURE RESEARCH 

With this project representing the commencement of ichthyofaunal research on salt marshes in 

southern Mrica, there are a number of questions that were either not addressed or have arisen 

from this study. This thesis has provided fundamental information on the fish species, age 

structure, estuarine dependence and distribution of taxa that frequent salt marshes in the Kariega 

Estuary. It has also examined the possible roles that salt marshes perform as feeding and refuge 

areas for juvenile fishes, as well as the importance of salt marsh vegejation to the functioning of 

the estuarine system as a whole. However, the research was confined to one estuary and further 

comparative studies are needed so that the current results may be interpreted in a regional 

perspective. While there are a range of questions that need to be answered regarding the 

interaction between fish and salt marshes in South Africa, there are five areas of future research 

that should be concentrated on: 

• The influence that both the physical attributes of salt marshes and the physico-chemical 

nature of the tidal water have on fish utilization of such habitats. 

• Diurnal and tidal effects on the ichthyofauna that frequent salt marshes and their tidal 

creeks, in particular the influence ofhydroperiod. 
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• Carbon isotope research (Chapter 8) indicated that C3 marsh plants were not important 

primary producers for nekton in the Kariega Estuary. However the technique did not 

provide unequivocal answers about the role of the C4 salt marsh plant Spartina maritima. 

A multiple stable isotope study using carbon, nitrogen and sulphur isotopes needs to be 

undertaken to establish the extent to which S. maritima detritus is being assimilated by the 

nekton in the littoral reaches of the Kariega Estuary. 

• Recent research (Varnell et at. 1995) has indicated that high variability in the nektonic 

assemblages on salt marshes may occur on a daily basis. This variation in the numbers, 

biomass and types of fishes needs to be thoroughly investigated before a detailed appraisal 

of seasonal, tidal and diurnal trends in the utilization of salt marshes can be conducted. 

• A thorough understanding of the utilization of salt marshes by fishes in South African 

estuaries can only be attained once the other components of the fauna (e. g. crustaceans) 

have also been studied. 

In conclusion, southern African research into the utilization of salt marshes by fishes has only just 

begun. Hopefully this thesis has provided the foundation upon which a second generation of wider 

ranging investigations may be based. 
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