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Abstract

Abstract

The spatial and temporal patterns in the population demographs and feeding ecology of the caridean
shrimp, Palaemon peringueyi, was investigated over a 12 month period in the permanently open
Kariega Estuary situated on the south-east coastline of South Africa. Shrimps were sampled
monthly from three stations corresponding to the lower, middle and upper reaches of the Kariega
Estuary. The shrimps were collected at the different stations using a pull net. Temperature, salinity,
dissolved oxygen and % cover of submerged vegetation were measured at each sampling station.
Finally, the feeding ecology of the shrimp was investigated employing stable carbon (8"°C) and

nitrogen (8'°N) isotopes analysis.

Temperature, salinity, dissolved oxygen and vegetation cover showed distinct seasonal patterns.
The shrimps attained total abundances and biomass of between 0 and 245.6 individuals per m?
(ind.m?) and between 0 and 13.6 grams wet weight per m” (g wwt.m™), respectively. Mean
abundance ranged between 2.3 (+ 3.0) and 88 (+ 27.3) ind.m™ in the lower reach, between 0.9 (+
0.4) to 21.5 (+ 4.5) ind.m™ in the middle reach and 0 to 1.6 (+ 0.5) ind.m™ in the upper reach. Mean
biomass ranged between 0.4 (£ 0.5) and 4.4 (= 1.4) g wwt.m” in the lower reach, between 0.1 (+ 0)
to 4.3 (+ 0.9) g wwt.m™ in the middle reach and between 0 to 1.6 (+ 0.5) g wwt.m™ in the upper
reach. Greatest abundances and biomasses were recorded in winter following heavy rainfall within
the catchment area. Freshwater inflow which is due to rainfall is thought to provide a cue for the
recruitment of marine breeding organisms. The spatial patterns in the distribution of the shrimps
showed that juveniles occupied the lower and middle reaches and adults the entire length of the

estuary. There were no significant relationships between the abundance and biomass of the shrimps

and the selected physico-chemical variables (p > 0.05 in all cases).

Results of the stable isotope study indicated that the mean 8"°C of the shrimps in the lower, middle
and upper reaches were -12.4 (£ 1.3) %o, -15.6 (£ 0.5) %o and -17.5 (£ 0.5) %o, respectively. The

8'°N isotopes of the shrimps in the lower reach was 11.6 (+ 0.5) %o with middle and upper reaches
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having similar 8'°N values, 13.5 (£ 0.4) %o and 13.4 (+ 0.4) %o, respectively. There was no
significant difference in the 8"°C and 8'°N isotope (p > 0.05) between the sexes of the shrimps.

Two-way ANOVA indicated a significant difference in the 8'°C isotope of the shrimps between the
sites (p < 0.05).

The difference in the "°C and 8"°N ratios of the shrimps suggests spatial variability in the diet of P.
peringueyi within the Kariega Estuary. The diet of the shrimps in the lower reach is primarily
composed of Nanozostera capensis epibionts. In the middle reach the diet of the shrimps is likely
comprised of the detritus of benthic algae. In the upper reach of the estuary, P. peringueyi likely

derives its carbon from a combination of epibionts, benthic algae and detritus derived from Codium.
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Nomenclature

Nomenclature

Although the terms ‘shrimp’ and ‘prawn’ have no taxonomic validity, there has been some
confusion in the use of these terms. For example some authors refer to Palaemon peringueyi as a
prawn (Achituv and Cook 1984; de Villiers et al. 1999), while other authors refer to this species as
shrimp (Robertson 1984; Bernard and Froneman 2005; Allan et al. 2006; Froneman 2006). Mostly
the term ‘prawn’ is used in South Africa and Australia and is used to refer to species of the penaeid
crustaceans, particularly the commercial species. Generally, species in the division Caridea are

referred as shrimps (Kensley 1972).
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Chapter 1

Introduction

1. General Introduction

The caridean shrimp Palaemon peringueyi belongs to the family Palaemonidae in the subgenus
Palaemon (genus Palaemon). Initially four subgenera were recorded in the genera of Palaemon,
namely Palaemon, Palaeander, Nematopalaemon and Exopalaemon (Holthuis 1950). However,
Chance and Bruce (1993) granted the subgenus Nematopalaemon its full generic status. To date, 34
species have been recorded in the genus Palaemon, with 23 species belonging to the subgenus
Palaemon (Jayachandran 2001). Palaemon is distributed worldwide (cosmopolitan), they form an
important component of the hyperbenthos within estuaries (deVilliers et al. 1999; Bernard and
Froneman 2005) and generally occupy intertidal to shallow waters down to 170 m (Jayachandran
2001). In southern Africa, four species have been recorded within the subgenus Palaemon
(capensis, debilis, peringueyi and concinnus) and are represented by freshwater, marine and

estuarine species (Kensley 1972).

Palaemon peringueyi (McPherson 1990) is found along the South African coastline, from Walvis
Bay on the west coast (Barnard 1950) to Kosi Bay on the east coast (Broekhuysen and Taylor 1959)
(Figure 1.1). In South Africa, P. peringueyi was previously known as Palaemon pacificus, it is
found in rock pools, estuaries and in near-shore waters to a depth of 45 m (Barnard 1950). They are
extremely abundant in warm temperate Eastern Cape waters, especially in summer when their
numbers can reach over 1000 ind.m™ in both estuaries and tidal pools (Hanekom 1982). However,
they are less abundant in the cooler west coast waters, where small number of P. peringueyi can be
found in tidal pools (Achituv and Cook 1984). In South Africa, studies on P. peringueyi include,
population dynamics (Emmerson 1983;1985; 1986; 1987; Robertson 1984; Bernard and Froneman
2005; Froneman 2006), effect of temperature and salinity on its biology (Robertson 1984; Achituv
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and Cook 1984; Emmerson 1985; Allan et al. 2006) and aspects of its feeding ecology (Froneman
2001, 2002; Richoux and Froneman 2007; 2008; Froneman and Henninger 2010). Although these
shrimps have no commercial value in South Africa (de Villiers et al. 1999), research on their
feeding dynamics in estuaries indicate that they form an important link in the food chain between
the phytoplankton, detritus and associated bacteria on which they feed and, the fish species which
prey on them (Day et al. 1954; Millard and Harrison 1954; Emmerson and Baird 1982; Froneman
and Henninger 2010). Predators of these shrimps include common Eastern Cape fishes such as the
kob (Argyrosomus hololepidotus), white steenbras (Lithognathus lithognathus), shad (Pomatomus
saltatrix), garrick (Lichia amia), yellowbelly rockcod (Epinephelus guaza) and spotted grunter
(Pomadasys commersonnii) (de Villiers et al. 1999).

Figure 1.1: The geographic distribution of Palaemon peringueyi as mentioned in the text.
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1.1. Life cycle and recruitment of P. peringueyi

The life cycle of P. peringueyi includes both marine and estuarine phases (Emmerson 1983). The
shrimp has an adult marine phase and a juvenile phase which can either be completed in estuaries or
in rock pools (de Villiers et al. 1999; Bernard and Froneman 2005). Adults breed in spring in the
nearshore marine waters and where larval development also occurs (Emmerson 1985b; 1986).
However, Robertson (1984) recorded stage 6 and post-larval P. peringueyi migrating from the
breeding grounds into estuaries and rock pools on nocturnal tides throughout the year. The
inconsistency in the recruitment of juvenile P. peringueyi into estuaries probably indicates that
recruitment may vary yearly. The shrimps are usually between the length of 6 and 10 mm (TL)
when they recruit into the estuaries (Emmerson 1986; de Villiers et al. 1999). A peak recruitment
of juveniles into estuaries and tidal pools occurs during summer (November/December) with a
smaller peak in winter (August) (Emmerson 1983). The juveniles spend ~9 months in these nursery
habitats (Wooldridge 1999). When the shrimps reach a total length of between 30 to 40 mm, they
begin emigration from estuaries to the marine environment (Emmerson 1983). The shrimp can
reach a total length of c. 65 mm and females can produce between 400 and 1600 eggs depending on

the size (de Villiers et al. 1999).

Palaemon peringueyi is more abundant in permanently open estuary (POEs) than in temporarily
open closed estuaries (TOCEs) (Whitfield and Bate 2007). The lower abundance in TOCEs is due
to the presence of the sand bar across the mouth which prohibits the recruitment of shrimps into
these systems (de Villiers et al. 1999; Whitfield and Bate 2007; Bernard and Froneman 2005). A
study by Bernard and Froneman (2005) found that the abundance and biomass of P. peringueyi in
the temporarily open closed West Kleinemonde Estuary is between 0 and 14.3 individuals per m
(ind.m™) and between 0 and 5.9 g wwt.m™, respectively. These estimates were lower than those
found in the permanently open Swartkops, Kromme and Sundays River estuaries where abundance

levels of between 28 and 200 ind.m™ and a biomass of between 1 and 15.3 g wwt.m™ were
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recorded (Emmerson 1986) (see Table 5.1 for conversions of dry mass to wet mass). The low
abundance and biomass in the West Kleinemonde were due to mouth closure and limited habitat
availability in the form of submerged macrophytes beds (Bernard and Froneman 2005). In TOCEs,
recruitment of P. peringueyi takes place during breaching and storm surge over topping events
(Froneman 2006; Whitfield et al. 2008), although the magnitude of recruitment during over topping
is lower than that of breaching (Whitfield and Bate 2007). Breaching events can result in a mass

recruitment of juveniles into the estuary (Whitfield and Bate 2007).

Estuaries represent important nursery areas for juveniles of many marine breeding vertebrate and
invertebrate species (McHugh 1967; Staples 1980; Wallace et al. 1984; Primavera 1998) and
therefore estuarine nursery areas are important in the life cycle of many marine organisms including
fishes and shrimps (McHugh 1967; Brito and Pena 2007). Estuarine habitats provide advantages
over marine environments in terms of abundance of high vegetation cover and food (Clark 1974;
Cushing 1975). Many studies indicate that once the shrimps enter the estuarine environment, a
particular species tends to prefer a biotope with specific physical characteristics as its final nursery
habitat (Williams 1958; Gunther 1961; Hughes 1966; Young 1978). Juveniles of Penaeus aztecus
and P. setiferus prefer Spartina alterniflora over non-vegetated substrata, while juveniles of
Metapenaeus stebbingi, selected the swash zone with bare sandy substratum as its nursery. Penaeus
semisalcatus was found in intertidal flats in areas covered with submerged seagrass, Marsupenaeus
japonicus in intertidal flats in bare, sandy mud to muddy sand areas, Fenneropenaeus indicus and P.
monodon preferred mangrove swamps while M. monoceros was found from areas of submerged
macrophytes to the deeper reaches of mangrove swamps (Giles and Zamora 1973; de Freitas 1986).
The caridean shrimp P. peringueyi has been found by many authors to be associated with
submerged macrophytes (Robertson 1984; Emmerson 1986) while the brown shrimp juveniles

Crangon crangon use tidal flats as nurseries (Beukema 1992).
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1.2. Association of P. peringueyi with aquatic macrophytes

Palaemon peringueyi has been cited as the single most important vagile invertebrate associated with
Nanozostera beds (Emmerson 1983). Seagrass meadows are extremely productive areas (Thyler et
al. 1975); they support diverse and abundant assemblages of macrofauna and provide nursery areas
for fish and crustaceans worldwide (Kikuch 1980; Young 1981; Pollard 1984). Decapod
crustaceans have been shown to form a conspicuous component of the assemblage of seagrass
macrofauna (Young and Wadley 1979). It has also been suggested that caridean shrimps may play
an essential role in determining the structure and dynamics of communities in seagrass as they often
occur in great densities (Kikuchi 1974; Hooks et al. 1976). Emmerson (1983) showed that the
abundance of shrimps in estuaries investigated was strongly associated with the presence and
percentage cover of submerged macrophytes and that the loss of Nanozostera beds in the Kromme
Estuary by siltation during flooding was followed by a period of decreased numbers of P.
peringueyi. These submerged macrophytes are thought to restrict predator access to adults and
juveniles, and are also areas of increased food availability (Emmerson 1986; 1987; Rozas and

Odum 1987; Knieb and Wagner 1984; Walsh and Mitchell 1998; Adams et al. 1999).

1.3. Effect of temperature and salinity on the distribution of P. peringueyi

Water temperature is an important environmental factor for shrimps and other invertebrates
(Rahman et al. 2007). It has a direct influence on metabolic rate, growth, survival, moulting rate,
requirement of dissolved oxygen, tolerances to ammonia-N and the immune response of shrimps
(Wyban et al. 1995; Vijayan and Diwan 1995; Ponce-Polafox et al. 1997; Le Moullac and Haftner
2000; Tian et al. 2004; Cheng et al. 2005; Zhang et al. 2006; Allan et al. 2006). Palaemon
peringueyi is able to remain active and grow between temperatures of 10 and 30 °C and salinities
(practical salinity unit) of between 10 and 50 (Robertson 1984; deVilliers et al. 1999).
Temperatures > 30 °C tend to be lethal (Robertson 1984; de Villiers et al. 1999; Allan et al. 20006).
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Achituv and Cook (1984) found that 25 °C is the optimum temperature for the growth of P.
peringueyi and suggested that the shrimps may prefer warmer water over the cold waters of the west
coast, while Robertson (1984) found that post-larvae and sub-adults of P. peringueyi are intolerant
of temperature > 32 °C. Robertson (1984) also indicated that temperatures less than 4.3 °C are

lethal for the shrimps.

Salinity plays an important role in determining species distribution within estuaries (de Villiers et
al. 1999). Schmidt-Nielsen (1983) and Spanopoulos-Hernandeza et al. (2005) demonstrated that
salinity places an osmoregulatory demand on aquatic organisms. In sub-tropical estuaries, P.
peringueyi is replaced in low salinities by Macrobrachium equidens and Caridina nilotica both of
which extend to freshwater environments (Day 1981a). Allan et al. (2006) found that increased
salinity was associated with an increase in the respiration rate of P. peringueyi, while Kirkpatrick
and Jones (1985) showed that P. peringueyi suffered mortalities in salinity less than 5. A
comparison of Palaemon affinis to other Palaemon species was conducted by Kirkpatrick and Jones
(1985). Results showed that Palaemon species that inhibit marine or brackish water are unable to
tolerate low salinities. Emmerson (1986) suggested that mortalities at lower salinities may suggest
that the upper distribution of P. peringueyi may be reduced by physiological tolerances, particularly

in permanently open estuaries with sustained freshwater inflow.

In most cases, changes in temperature and salinity occurs together (de Villiers et al. 1999).
Temperature and salinity are important variables that affect the physiological response of most
invertebrates (Schmidt-Nielsen 1983). Most studies on the effect of temperature and salinity on
crustaceans including penaeids show that survival peaks at temperature and salinity near those of
their natural habitat (e.g. Lester and Pante 1991). Robertson (1984) showed that high temperatures
and low salinity combinations resulted in mortalities of P. peringueyi. The shrimps suffered
mortalities after 144 hours of exposure to low temperature (10 °C) and low salinity (< 4) while

survival at low salinities was best at 15 °C (Robertson 1984). Allan et al. (2006) also demonstrated
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that at salinities < 5 and four temperatures (15, 20, 25, 30 ° C) P. peringueyi suffered a 100 %

mortalities.

1.4. Objectives and thesis structure

The caridean shrimp P. peringueyi can be dominant component of hyperbenthos within southern
African estuaries (de Villiers et al. 1999; Bernard and Froneman 2005). Hyperbenthos are important
in linking the benthic and pelagic foodwebs (Perissonotto and McQuaid 1990). Although the
shrimps have no commercial value in South Africa, they represent an important component in the
diet of commercially importance estuarine fishes (de Villiers et al. 1999). The shrimps also play asn
important role in the export of organic matter in estuaries (Froneman and Henninger 2010). It is
important to gain a better understanding on the ecology of the shrimp in estuaries and the role they
play in foodwebs. In POEs, P. peringueyi is more abundant in the lower and middle reaches of these
systems (Emmerson 1986). The reduced abundances of the shrimps in the upper reaches of POEs
may be due to physiological intolerances (Kibirige and Perissinotto 2003; Bernard and Froneman
2004). Most South African permanently open estuaries have been affected by anthropogenic
changes due to abstraction of freshwater input. These anthropogenic changes result in some
estuaries experiencing hypersaline conditions, low nutrient concentrations and elevated water
temperatures. More studies are needed to determine how reduced freshwater input affects the biota

of estuaries. This study aimed to:

1. Assess the spatial and temporal patterns in the abundance and biomass, and size structure of
Palaemon peringueyi in the permanently open freshwater deprived, Kariega Estuary. This will
enable us to determine how the shrimps are distributed in the Kariega Estuary and which
physiological and biological factors play an important role in structuring the shrimp

community.
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2. Investigate the feeding of P. peringueyi in the Kariega Estuary using stable carbon (6'°C) and
nitrogen isotopes (8'°N), to determine the diet of the shrimp and to gain information on the

regions that represent important sources of dietary carbon for the shrimp in the estuary.

A complete description of the study site is presented in Chapter 2. In addition, South African
estuaries, climatic and coastal dynamics of the Eastern Cape Province is presented. In Chapter 3,
spatial and temporal patterns in the abundance and biomass, and distribution of size structure of P.
peringueyi is investigated. The feeding aspect of the shrimps in the Kariega Estuary using stable
carbon (6"°C) and nitrogen (8'°N) isotopes is presented in Chapter 4. Lastly, Chapter 5 presents a

general discussion in which possible future studies are suggested.
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Chapter 2

Study Site

2.1. South African estuaries

Initially, Pritchard (1967) defined an estuary as a “semi-enclosed body of water which has a free
connection with the open sea and within which sea water is measurably diluted with freshwater
from land drainage”. However, the problem with this definition is that it focused on the features of
northern hemisphere estuaries and did not take into account certain characteristics of many South
African (Day 1980) and south Australian estuaries (Hodgkin and Lenanton 1981; Roy et al. 2001),
such as separation from the sea due to formation of a sand bar across their mouths and that some of
these systems become hypersaline during dry periods when evaporation becomes high (Potter et al.
2010). This has led to Day (1980) to redefine an estuary as a “semi-enclosed coastal body of water
which is either permanently or periodically open to the sea and within which there is a measurable
variation of salinity due to the mixture of seawater with freshwater derived from land drainage”.
Although Day (1980) definition of an estuary can be accepted, Potter et al. (2010) suggests that this
definition can be applied in microtidal, mesotidal and macrotidal systems of both the northern and
southern hemisphere. Potter et al. (2010) further suggested that Day’s (1980) definition requires
modification to emphasise that some freshwater input into the estuary must be derived from the
rivers and that occasionally salinities can exceed that of full-strength sea water. This led to Potter et
al. (2010) to propose the following definition of an estuary: “An estuary is a partially enclosed
coastal body of water that is either permanently or periodically open to the sea and which receives
at least periodic discharge from a river and thus while its salinity is typically less than that of natural
sea water and varies temporally along its length, it can be hypersaline in regions when evaporative

water loss is high and freshwater and tidal input are negligible”.
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In South Africa, different terminologies have been used to describe the same type of estuaries.
Begg (1978) and Bird (1984) described temporary closed estuaries as “lagoons”, Day (1981) as
“blind estuaries” and, Bennett (1989) as “seasonally open” and “normally closed” estuaries. This
confusion of terminology in South African estuaries led Whitfield (1992) to classify South African
estuaries into five classes based on physiological, hydrographical and salinity characteristics.
Whitfield (1992) classified South African estuaries into: river mouths, estuarine bays, estuarine
lakes, permanently open estuaries, and temporarily open closed estuaries. According to Reddering

and Rust (1990), common features of South African estuaries are:

i.  “Most are small with a tidal prism of 10°m” or less.
il.  “Mostly developed from a drowned river valley, only a few developed from coastal plains”.
iii.  “Tidal inlets are constricted or blocked by a sand bar”.

iv.  “They have well developed flood tidal deltas while the ebb deltas are poorly developed”.

Between two successive high and low tides, the maximum tidal range of the South African coast is
~ 2 m, while most estuaries have a range of less than 1.5 m. This has led to the description of South

African estuaries as microtidal inlets (Whitfield 1998).

2.2. Permanently Open Estuaries (POEs)

In South Africa, only about 25 % of estuaries are permanently connected to the sea (Whitfield
1998). These systems are characterised by a moderate tidal prism with the horizontal salinity
gradient and vertical salinity stratification being dependent on factors such as bathymetry, tidal
cycle and river inflow (Mackay and Schumann 1990). Water column mixing of these systems is
usually driven by tidal and riverine currents and they have a mean salinity of between 15 and 35
(Whitfield 1998). However, salinities of > 40 have been recorded in the upper reaches of POEs with

little freshwater inflow e.g. Kromme, Bushmans and Kariega Estuaries, or during periods of
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drought (Whitfield 1998). Permanently open estuaries usually have a catchment area larger than 500
km? and their rivers naturally have perennial flow (Whitfield 1998). The large tidal prism and river
inflow play a significant role in maintaining an open mouth (Whitfield 1998). As a result of the
semi-arid climate of the Eastern Cape Province, most rivers have been impounded to meet the water
demand of the South African population; this has resulted in reduced freshwater inflow into
estuaries (Davies et al. 1993). The low freshwater inflow together with high evaporation rates in
summer have resulted in hypersaline conditions (> 45) in the upper reaches of some estuaries in the
Southern and Eastern Cape Provinces (Whitfield 1998). Anthropogenic alterations in estuaries
redirect the natural flow and change the patterns of freshwater discharge (Gillanders and Kingsford
2002). Reduced riverine inputs may change water chemistry and sediments which in turn, affects
the biota of these systems (Gillanders and Kingsford 2002). Long term reduction of freshwater
input has been shown to change the biota of Eastern Cape POEs (Whitfield 1998), such as a decline
in phytoplankton in the water column (Grange and Allanson 1995). Adams et al. (1999) found that
the Kariega Estuary has lower primary production rates when compared to the freshwater sustained
Great Fish River. Chlorophyll-a concentrations in the Kariega Estuary ranged between 1 and 8
ngL™" and between 0 and 52 pgL™"' in the Great Fish River (Adams et al. 1999). During a period of
increased freshwater inflow, the Great Fish River showed higher phytoplankton production while
seston production showed seasonal and spatial patterns which can be related to freshwater changes
(Grange and Allanson 1995). Reduced freshwater inflow in a POEs can also result in an increase in
macrophytes such as Nanozostera capensis (Adams and Tallbot 1992) and a reduction in
zooplankton production which in turn, results in a decrease of fish stocks such as Gilchristella
aestuaria (Whitfield and Harrison 1996). Low freshwater input results in higher salinity, lower
turbidity and an increases light penetration which promotes growth of eelgrass beds (Allanson and
Read 1995). Zooplankton densities are associated with an increased in phytoplankton production as

a result of increased freshwater inflow (Wooldridge 1999; Grange et al. 2000).

11



Chapter 2: Study Site

2.3. Climate

According to Stephenson and Stephenson (1972) and de Villiers et al. (1999), the South African
coastline can be divided into three climatic regions. The cool-temperate region from the west coast
to Cape point, a warm temperate region from Cape Point to the Mbashe River, and a sub-tropical
region on the east coast from the Mbashe to Mozambique. The site of the current study is located
within the warm temperate region approximately 30 km west of Port Alfred. Rainfall in this region
is predominantly in summer (Heydorn and Tinley 1980; Day 1981a). The coastal town of Port
Alfred in close proximity to the Kariega Estuary has weather information (Stone et al. 1998). As a

consequence, climatic data for the estuary will be similar to that of Port Alfred.

Port Alfred experience minimum air temperatures of 10 °C (July) and maximum of 26 °C
(February), and rainfall of about 600 mm per annum (Lubke 1998). Between 1996 and 2005,
maximum and minimum air temperatures recorded in Port Alfred were 38.5 °C (March 2003) and
1.9 °C (July 2002) (as measured at 08h00, South African Weather Bureau records, in litt.). Rainfall
in this region has an autumn spring bimodal pattern, with a spring peak (Kopke 1988). Mean annual
rainfall recorded in Port Alfred between 1996 and 2005 was 604 mm with a maximum (731 mm)
recorded in 1998 and a minimum (396 mm) recorded in 1999 (South African Weather Bureau

records, in litt.).

2.4. Coastal dynamics

Ocean currents have been shown to affect coastal climates, sea temperature and upwelling (Lubke
1998). The Agulhas Current influences the Eastern and Southern Cape coast (Lutjeharms 1998). It
is formed by waters from the Mozambique Channel which is joined by those of East Madagascar
Current, carrying warm waters southwards to form the Agulhas Current (de Ruiter et al. 2004;

Lutjeharms 2006). The Agulhas Current is supplied with water from two different sources, the
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South Equatorial Current and recirculation in the south western Indian Ocean sub-gyre (Stramma
and Lutjeharms 1997). The Agulhas Current flows past the southern tip of Africa and retroflects to
carry most of its water eastward as the Agulhas Return Current (Lutjeharms 1998) (Figure 2.2).

Figure 2.1: The flow direction of the Agulhas Current in the Indian Ocean (After Lutjeharms
2005).

Lutjeharms et al. (2000) and Lutjeharms (2007) recognised two upwelling regions within the
Agulhas Current, one situated in KwaZulu-Natal and the other near Port Alfred which is in close
proximity with the study area. Both of these upwelling regions occur due to the widening of the
continental shelf and jet effect on the inshore edge of the current pulling deeper water towards the

surface and close to the coast (Vorwerk 2006). The upwelled water characterised by elevated
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nutrients and oxygen concentrations may periodically penetrate into the permanently open estuaries
within the region and contribute to elevated rates of primary and secondary production within these
systems (Schumann et al. 1999). For example, cold and nutrient rich water has been recorded in the
Kariega Estuary after an upwelling event (Taylor 1992). An estimate of the volume flux of the
Agulhas Current is about 65 million m™ sec”, the current may reach a speed of 2 m sec” on the
surface which is considered very high for a deep sea current (Lutjeharms 1998). On the sea surface
the current is about 60 to 100 km wide and temperatures range between 28 °C in summer and 20 °C
in winter (Lutjeharms 1998). Seasonal changes in temperature can only penetrate the upper 100 m
to 200 m (Lutjeharms 1998). The upwelling cells and eddies are associated with the Agulhas
Current and have been demonstrated to influence coastal rainfall and storm patterns along the

coastal zone (Perissinotto et al. 2000; Froneman 2004).

2.5. Description of the estuary and study site

The Kariega Estuary is a permanently open estuary situated on the southeast coast of South Africa
(33°41° S 26° 42’ E). The catchment size of the estuary is relatively small with a total area of ~ 686
km? (Paterson and Whitfield 1997). The system is 17.4 km long with an average width of 110 m and
a depth of < 3 m (Taylor and Allanson 1995). The width of the channel in the upper reach of the
estuary is between 40 and 60 m (Jennings 2005).

The Kariega Estuary is a marine dominated system with a 106:1 ratio of tidal prism volume to river
volume (Grange et al. 2000). The system has been impounded by three dams, the largest being the
Settlers Dam situated 50 km from the mouth (Jennings 2005). The mean annual runoff of the
Kariega catchment is estimated to be 15 x 10° m’ per annum (Grange and Allanson 1995). The
semi-arid climate of the Eastern Cape and the construction of dams in the catchment have resulted
in little or no freshwater inflow into the estuary over the past three decades (Grange et al. 2000).
This has led to development of hypersaline (> 40) conditions in the upper reaches of the estuary

(Jennings 2005). The absence of freshwater inflow has resulted in limited salinity or thermal
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stratification in the water column (Grange and Allanson 1995; Grange et al. 2000), a uniformly
marine system with salinity of ~ 35 throughout the lower and middle reaches and a well-mixed

water column with low turbidity (Hodgson 1987; Allanson and Read 1995).

Salinity in the Kariega Estuary during the year 2009 ranged between 33 and 44 and maximum and
minimum water temperature recorded was 26.4 + 2.6 °C in summer and 14.5 + 0.7 °C in winter with
the highest value recorded in the upper reaches for both variables (Heyns and Froneman 2010). The
Kariega Estuary is considered as being oligotrophic as the result of low freshwater input (Grange
and Allanson 1995). The concentration of chlorophyll-a (chl-a) in the water column is < 2 ug.L'1
which is mostly dominated by nand (2 to 20 um) and picophytoplankon (0.45 to 2 um) size classes
(Froneman 2000). The low nutrient concentrations in the Kariega has resulted in low zooplankton
abundance (50 ind.m™) when compared to the freshwater sustained Great Fish River within the
same geographical region (256 to 4253 ind.m?) (Grange et al. 2000). The Kariega Estuary was
assessed as being in good condition in terms of ichthyofaunal communities, and the water quality in
a moderate condition (Harrison et al. 2000). The low freshwater input in the system contributes to
high abundance of macrobenthic organisms particularly crustaceans such as Cleistostoma
edwardsii, C. algoense, Upogebia africana, Sesarma catenata and Uca urvillei and the bivalve
Solen cylindraceus, compared to other Eastern Cape estuaries (Hodgson 1987). This elevated
abundance was due to the growth of the eelgrass beds along the entire length of the system
(Hodgson 1987). The marine dominance in the Kariega Estuary has resulted in the eelgrass N.
capensis, occurring along the entire length of the estuary as a littoral band around the spring low
tide level (Ter Morshuizen and Whitfield 1994). The eelgrass beds in the system vary in width from
approximately 5.2 m in the lower reaches to 3.3 m in the upper reaches (Ter Morshuizen and
Whitfield 1994). Other macrophytes dominating the estuary include the salt marsh plants Spartina
maritima, Sarcocornia perennis and Chenolea diffusa which occupy the lower and middle reaches
(Paterson and Whitfield 1997). These salt marshes are important in exchanging carbon, nitrogen

and phosphorous with the adjacent estuary (Taylor 1987).
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Most studies in the Kariega Estuary have focused on community patterns of fish (Whitfield 1994;
Paterson and Whitfield 1997a; Bate et al. 2002; Whitfield and Paterson 2003; Richardson et al.
2006; Vorwerk et al. 2007), invertebrates (Hodgson 1987; Froneman and McQuaid 1997; Froneman
2002; Heyns and Froneman 2010), and food web structures (Paterson and Whitfield 1997;
Froneman 2000; 2001; Richoux and Froneman 2007; 2008). There have been a few autecological
studies conducted in the Kariega Estuary. de Villiers (1989) investigated the feeding dynamics of
the bivalve Solen cylindraceus using stable carbon isotopes (8'°C). The results of the study found
that the bivalve had depleted 5'"°C values compared to the dominant macrophytes (N. capensis and
Spartina maritima). The results also suggested that terrestrial vegetation may have contributed to
the depleted 8'°C isotopes of the bivalve. Taylor and Allanson (1993) investigated the impact of
crabs (Sesarma catenata and Cleistostoma edwardsii) on carbon exchange in salt marshes of the
Kariega Estuary (S. maritima, S. perennis and Chenolea diffusa). The results showed that both crabs
enhanced carbon losses relative to uptake by the salt marshes. When crabs were absent, the salt
marsh acts as a carbon sink and when crabs were present, the salt marsh functioned as a carbon
source. Marshall and McQuaid (1994) investigated the seasonal (summer and winter) and diel
variations of in situ heartbeat of the limpet Siphonaria oculus. They found that the heart rate in the
air was not significantly different from submerged limpets and that heart rate was significantly

lower at night than during the day.

Froneman (2001) conducted a study the feeding of the mysid Mesopodopsis wooldridgei using in
vitro incubations and the gut fluorescent technique. The results of the study suggested that the diet
of the mysid changes with age and that this may be due to inability of adults to feed on the small
phytoplankton cells (< 10 um) which dominate the total chlorophyll-a in the estuary. Finally,
Vorwerk et al. (2007) investigated the recovery of the pipefish Syngnathus watermeyeri within the
estuary. The pipefish was recorded for the first time in the estuary after 4 decades. Their presence
was attributed to the heavy rainfall which resulted in mesohyline (5 to 18) conditions and increased

food availability.
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To date, no autecological studies have been conducted on P. peringueyi in the Kariega Estuary.
These shrimps form an important component of hyperbenthos in temperate estuaries (Bernard and
Froneman 2005); they play a role in the nutrient dynamics within estuaries (Froneman and
Henninger 2010) and are prey of several estuarine fishes (Whitfield 1998). This current study aims

to provide further information on the role that these shrimps play in estuaries.
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Chapter 3
Population dynamics of the caridean shrimp Palaemon peringueyi

(Decapoda; Caridea) in the permanently open Kariega Estuary.

3.1. Introduction

South Africa has only about 25 % of estuaries that are permanently connected to the sea (Whitfield
1998) most of which are threatened by reduction of freshwater input as a result of impoundments
(Whitfield 2005). Because of the semi-arid climate and the growing population in South Africa,
most rivers have undergone anthropogenic disturbance mostly due to impoundments (Davies et al.
1993). These impoundments contribute to reduced freshwater inflow into estuaries which has

negative effects on the estuarine food webs within these systems (Whitfield and Bruton 1989).

The Kariega Estuary is regarded as a permanently open freshwater deprived system (Hodgson
1987). The low freshwater inflow into this estuary often contributes to hypersaline conditions (>40)
in the upper reach of the system (Heyns and Froneman 2010). It has been demonstrated that a
natural river flow is required for estuarine communities to function optimally (Ter Morshuizen et
al. 1996; Froneman 2002; Garcia et al. 2003; Kibirige et al. 2006). Vorwerk (2006) further
demonstrated strong links of volumes of freshwater inflow into estuaries and the biota in the near-

shore environment.

Palaemon peringueyi is a common component of the hyperbenthos within permanently open
(POEs) and temporarily open closed estuaries (TOCEs) (de Villiers et al. 1999; Bernard and
Froneman 2005) along the coastline of southern Africa. Comparative studies of population
dynamics in estuaries (de Villiers et al. 1999; Bernard and Froneman 2005; Froneman 2006)

indicate that the shrimp is most abundant in POEs. The lower abundance in TOCE:s is due to the
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presence of a sandbar across the mouth which reduces recruitment opportunities and the limited

habitat availability (beds of submerged macrophytes) (Bernard and Froneman 2005).

In those estuaries studied to date, P. peringueyi is more abundant in the lower and middle reaches
(Bernard and Froneman 2005; Froneman 2006). The reduced numbers of shrimps in the upper
reach may be due to physiological tolerances (Allan et al. 2006) and / or the limited percentage
cover of aquatic macrophytes (Bernard and Froneman 2005). The marine dominance in the Kariega
Estuary has resulted in macrophytes such as Nanozostera capensis extending into the upper reach
of the estuary (Paterson 1999). Therefore it is expected that P.peringueyi will occur further
upstream within the Kariega Estuary. Although some work has been undertaken in South Africa on
the ecology and biology P. peringueyi in POEs (Emmerson 1983; 1985; 1986; Robertson 1984) and
TOCEs (Bernard and Froneman 2005; Froneman 2006), there is little information on the
community structure and distribution of this species in freshwater deprived systems. More studies
are required to gain a better understanding of how the absence or reduced freshwater input into an

estuary affects the ecology of the shrimps.
This study aims to:

1. Assess the spatial and temporal patterns in the abundance and biomass of P. peringueyi in

the freshwater deprived Kariega Estuary.
2. Assess the size structure and distribution of P. peringueyi along the length of the estuary.

3. Compare whether the abundance, biomass and size structure of P. peringueyi in the Kariega
Estuary are in the same range as that reported in the other POEs such as Kromme and

Swartkops estuaries which are in the same biogeographic region.
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3.2. Materials and Methods

Figure 3.1: Positions of the sampling sites (1 - 9) located in the upper (1 - 3), middle (4 - 6) and
lower (7 - 9) reaches of the Kariega Estuary.

3.2.1. Determination of sampling technique for P. peringueyi

To determine the most efficient method for sampling shrimps, in August 2010 a survey was

undertaken to compare the difference in catch per unit effort (CPUE) between two sampling
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techniques. The sampling methods used were 1) a net with a triangular opening (area 0.6 m% mesh
size 1 mm) at the end of a 1.5 m long pole (hereinafter referred to as a pull net) dragged for a
distance of 1.5 m, and 2) a benthic sled (mouth area 0.5 m% mesh size 1 mm) pulled for a distance
of 5 m. Five replicates were collected with each sampling technique with a total area of 3 m’
sampled for the pull net and 2.5 m? for the benthic sled. The sampling was undertaken in the lower
reach of the Kariega Estuary (Site 9) (Figure 3.1) in areas covered by seagrass beds, mostly N.
capensis. Sampling was conducted during low tides in a water depth of approximately 0.4 m.
Visual estimates of the submerged vegetation cover (% cover in a 30 cm x 30 cm quadrat) were

made. All shrimps collected were preserved in 10 % formalin for later analysis.

In the laboratory, shrimps were counted and abundance (per m?) was determined by dividing the
number of shrimps caught with the total area sampled. To obtain the biomass (per m?), wet weight
was measured to two decimal places of a gram by blotting the shrimps with paper towel and
weighing the shrimps on a Sauter AR 100 microbalance, and then by dividing the weights by the
area sampled. Mean abundance (individuals per m?) and biomass (grams wet weight per m”) for

each sampling method were calculated.

The carapace length (CL) of all shrimps (region from the anterior tip of the rostrum to the dorsal
midline of the posterior margin of the carapace), was measured in mm using a digital Vernier
calliper. The sex of each shrimp, determined by the presence (male) or absence (female) of an
appendix masculine (A.M.) on the endopod of the second pleopod was recorded with the aid of a
dissecting microscope. The sex of the male P. peringueyi could only be identified in individuals
with CL > 9 mm. Therefore all shrimps with CL <9 mm were considered as juveniles (Bernard and

Froneman 2005).

3.2.2. Population dynamics

Quantitative samples were collected monthly from all nine sites within the Kariega Estuary, from

September 2010 to August 2011(Figure 3.1). Since the pull net resulted in a significantly higher
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number of animals caught (Section 3.3.1), this method was used to collect the shrimps throughout
the sampling period. Three replicate samples (pull net distance was 1.5 m, sample area = 0.9 m?)
were collected from each site. The samples were always collected at low tide. Since it was not
possible to sample in the same water depth, water depths during the sampling period ranged
between 0. 3 to 0.6 m. The shrimps were collected in an area covered by submerged aquatic

macrophytes and processed as described in section 3.2.1.

3.2.3. Physico-chemical parameters

Temperature, salinity and dissolved oxygen (DO) were measured during the morning at each site.
Temperature (° C) and DO (mg.L'l) were measured using a YSI 550 DO Probe (with a precision of
0.1 mg.L™"), while salinity (Practical Salinity Scale) was measured using a hand held refractometer
(Atago S10). Only surface water was measured since the system is well mixed (Hodgson 1987;
Allanson and Read 1995; Froneman pers. comm.). The mean value (= SE) for each reach (lower,

middle, upper) was then calculated from the values of the three sites within a reach.

3.2.4. Chlorophyll-a

Surface water was collected in 1L plastic bottles from each site in the estuary. The water samples
collected were kept in a cool dark container during transportation to prevent photosynthesis. In the
laboratory, total chlorophyll-a (chl-a) concentration was determined by filtering (vacuum < 5.0 cm
Hg) 200 ml of water through a 47 mm Glass Fibre Filter (Macherey-Nagel). After filtration, the
chlorophyll was extracted in 8 ml of 90 % acetone in the dark for 24 hours at -20 °C. The samples
were then centrifuged for five minutes at 5000 rpm. Total chlorophyll-a concentration was then
determined using a Turner Designs 10AU Fluorumeter according to the the method of Holm-
Hansen and Riemann (1978). The chlorophyll-a concentrations were expressed as micrograms chl-

a per litre (ug chl-a.L™).
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3.2.5. Particulate organic matter (POM)

POM concentrations were determined by pre-weighing glass filter papers on a Sauter AR 100
microbalance with a precision of 0.0001 mg. A 500 ml surface water sample was filtered (vacuum
< 5.0 cm Hg) through the pre-weighted filters. The filters were oven dried at 60 °C for 48 hours and
reweighed. The difference between the weights of the filter papers was calculated and multiplied by
2 in to obtain pg POM.L™,

3.2.6. Analysis of data

Chi-squared analysis was used to determine whether there was any significant deviation from a 1:1

sex ratio of males and females at all sampling sites.

One-way ANOVA (Analysis of Variance) was used to assess the spatial and temporal patterns in
the size, abundance and biomass of P. peringueyi. Spatial and temporal patterns in the physico-
chemical parameters were also determined using ANOVA. A post-hoc test (Fisher LSD) was used
to determine sources of variation. Regression analysis was used to determine the relationship
between physico-chemical parameters and the abundance and biomass of the shrimps at the
different stations. A t-test (independent by groups) was used to determine differences between the
size (CL) of males and females. All data analysis was carried out using Statistica version 10

(StatSoft).

3.3. Results

3.3.1. Determination of sampling technique for P. peringueyi

There was a significant difference in shrimp abundance and biomass (p < 0.05) (t-tests) between the

two sampling methods. A total of 216 shrimps were caught with five sweeps of pull the net whereas
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only 99 shrimps were caught with five tows of the benthic sled. The mean (+ SD) abundances were
14.3 (+ 2.5) ind.m™ for the pull net and 8.08 (+ 1.4) ind.m™ for the benthic sled. Mean biomass was
3.1 (+ 1.5) g wwt.m™ for the pull net, and 2.68 (+ 1.4) g wwt.m™ for the benthic sled. There was no
significant difference in the CL of males and females caught using the two sampling methods (p >
0.05) (t-test). Shrimps with a CL of between 7 to 16 mm were caught using a pull net while shrimps
with CL of between 9 to 22 mm were caught using a benthic sled (Figure 3.2). The male to female
sex ratio was 0.4: 1 Q: & for the pull net, and 0.5: 1 Q: & for benthic sled. There was no significant
difference in male and female sex ratios between the two sampling methods (p < 0.05) (Chi-
squared test). The sex ratios differed significantly from a 1:1 ratio (pull net: p < 0.0001, X* = 48.3)
(sled: p = 0.0006, X* = 11.7) with both sampling methods (Chi-squared test).
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Figure 3.2: Comparison of the size structure of Palaemon peringueyi sampling, using (A) pull net
(5 pulls) and (B) benthic sled (5 tows).

3.3.2. Population dynamics

3.3.2.1. Seasonal variations

In order to determine any seasonal variation of P. peringueyi during this study, sampling intervals
were divided as follows: Spring = September to November (2010), Summer = December to

February (2010/ 2011), Autumn = March to May (2011) and Winter = June to August (2011).
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There was a significant effect of season on abundance at each site (p < 0.05) (ANOVA). There was
also a significant effect of seasons between the sites (p < 0.05). A post-hoc tests (Fisher LSD)
showed that in the lower reach in winter (37.1 + 29.9 ind.m™), there were significantly more
shrimps than in the other seasons (spring = 11.8 + 7.1 ind.m™, summer = 2.7 + 1.8 ind.m™, autumn
=9.8 + 5.2 ind.m™). In the middle reach, there was a significantly greater abundance of shrimps in
spring (10.8 + 6.3 ind.m™) when compared to other seasons (summer = 3.3 + 2.5 ind.m™, autumn =
6 + 3.2 ind.m™, winter = 3.5 + 3.1 ind.m?), and to the shrimps in the upper reach in summer (0
ind.m?) and winter (0 ind.m™). A post- hoc test showed that shrimp abundance in the upper reach
(0.6 + 0.2 ind.m™) was significantly different from the lower (15.3 + 3.2 ind.m™) and middle (5.0 +
0.8 ind.m™) reaches (Figures 3.3; 3.5).

There was a significant difference in biomass between the seasons and sites (p < 0.05) (ANOVA).
A post- hoc tests (Fisher LSD) showed that in the lower reach, summer (0.5 £0.4 g wwt.m™) which
had lowest biomass, was significantly different from other seasons (spring = 1.9 + 1.1 g wwt.m?>,
autumn =2 £ 1.1 g wwt.m™, winter = 2.1 £ 1.6 g wwt.m™). In the middle reach, biomass in spring
(1.9 + 1.2 g wwt.m™) was significantly different from the other seasons (summer = 0.6 + 0.4 g
wwt.m?, autumn = 1.4 £ 0.8 g wwt.m, winter = 0.7 £ 0.7 g wwt.m?). In the upper reach, biomass
in spring (0.7 + 0.6 g wwt.m™) and autumn (0.3 + 0.4 g wwt.m™) were significantly different from
summer and winter. No shrimps were recorded in the upper reach in summer and winter (Figures
3.4; 3.6). A post- hoc test also showed that biomass in the lower (1.6 + 0.2 g wwt.m™) and middle
(1.1 £ 0.2 g wwt.m™) reaches differed significantly from the upper reach (0.2 + 0.1 wwt.m™)
(Figure 3.4).
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3.3.2.2 Abundance

A total of 2096 shrimps were caught in the Kariega Estuary from September 2010 to August 2011.
Of these, 1585 shrimps were recorded from the lower reach, 477 the middle reach and 34 shrimps
in the upper reach of the estuary. Minimum abundances recorded in one of the tows was 0 while
maximum was 245.6 ind.m” and was recorded in June in the lower reach. There was a significant
difference in abundance between the months for all the regions and sites (p < 0.05) (ANOVA). A
post-hoc test (Fisher LSD) showed that the significant difference was due to high abundance of
shrimps in June in the lower reach, which was when its peak was recorded (Figure 3.5). In the
middle and upper reaches, variation occurred throughout the year with some months being similar
(Figure 3.4). The lower and upper reaches were significantly different from each other (Post-hoc,
Fisher LSD) (Figure 3.5). In general, the lower reach had the highest mean abundances followed by
the middle and upper reaches, respectively (Figure 3.5). Regression analysis did not show any
significant relationships between abundance and the physico-chemical parameters (temperature,
salinity and DO). There was, however, a weak positive correlation between abundance and

percentage vegetation cover (r* = 0.109; p < 0.05) (Table 3.2; Appendix I; II).

In the lower reach, abundance decreased from September (23.3 + 6.6 ind.m?) to February (2.6 +
1.3 ind.m™). However, abundance increased in April to 15.6 (£ 4.2) ind.m™ followed by a decrease
in May (9.9 + 3.2 ind.m™). The highest mean abundance was recorded in June (88 + 27.3 ind.m™)

after which abundance declined to about 11.5 (+ 6.2) ind.m™ (Figure 3.5).

In the middle reach, the highest abundance was recorded in September (21.5 + 4.5 ind.m?). This
was followed by a decline up to November (0.6 = 0.3 ind.m™), after which numbers fluctuated

peaking in April (8.8 + 2.3 ind.m™). In July abundances decreased to 1.4 + 0.5 ind.m™ (Figure 3.5).

In the upper reach, shrimps were absent on seven sampling occasions, November to February; June

to August. The highest abundance was recorded in September (3.8 + 1.1 ind.m™) after which
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abundances decreased until October to 1 (+ 0.4) ind.m™. After a four month absence, the shrimps
returned to the upper reach until May, which was when the second highest abundance was recorded

(1.1 + 0.8 ind.m™) (Figure 3.5).

Table 3.1: Results for One-way ANOVA (Statistica version 10) to examine any significant
difference in abundance, biomass and carapace length (CL) between seasons, months and sites

(lower, middle and upper reaches) of the Kariega Estuary.

Variation Sum of Degree of Mean F- ratios P
Squares Freedom Squares

Abundance
Months 23013.6 11 2092.1 5.6 p <0.001
Sites 1384.5 2 692.3 3.6 0.04
Abundance
Seasons 5620.0 3 1873.3 4.5 0.004
Sites 12013.6 2 6006.8 15.2 p <0.001
Biomass
Months 247.8 11 22.5 9.2 p <0.001
Sites 17.2 2 8.6 6.3 0.004
Biomass
Seasons 57.1 3 19.0 6.4 0.0003
Sites 104.2 2 52.1 18.4 p <0.001
Carapace length
Months 73.1 11 6.7 1.2 0.3
Sites 37.0 2 18.5 34 0.05
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Table 3.2: Results of Regression Analysis, to examine the relationship between the abundance and

biomass of Palaemon peringueyi and the selected physical and biological parameters.

Regression Statistics Vegetation Salinity Temperature Dissolved oxygen
Cover (DO)
Abundance
Multiple R 0.331 0.096 0.268 0.010
R Square 0.109 0.009 0.072 0.000
Adjusted R Square 0.083 -0.020 0.045 -0.029
Standard Error 14.316 15.100 14.614 15.169
Biomass
Multiple R 0.430 0.039 0.256 0.065
R Square 0.185 0.002 0.065 0.004
Adjusted R Square 0.161 -0.028 0.038 -0.025
Standard Error 1.221 1.351 1.307 1.349
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3.3.2.3. Biomass

During this study, minimum biomass recorded in one of the tows was 0 and maximum was 13.6 g
wwt.m™” and was recorded in June in the lower reach. There was a significant difference in the
shrimp biomass between the months and sites (p < 0.05) (ANOVA). Post-hoc tests (Fisher LSD)
showed that in the lower reach, September, April and June differed from the other months. In the
middle reach, most of the months were significantly different (Figure 3.6) while only September
and April differed in the upper reach. All the reaches were significantly different from each other
(Figure 3.6). Regression analysis did not show any significant relationships between shrimp
biomass and physico-chemical parameters but showed a weak correlation between vegetation cover

and biomass (1 = 0.1848, p < 0.05) (Table 3.2; Appendix [; III).

There was a decrease in biomass in the lower reach from September (3.8 + 0.9 g wwt.m™) to
January (0.4 + 0.2 g wwt.m™) after which biomass fluctuated between February and June which
was when the highest biomass was recorded (4.4 = 1.4 g wwt.m™). However, in July biomass

decreasedto 0.6 + 0.3 g wwt.m) but increased again in August (1.2+05¢g wwt.m?) (Figure 3.6).

In the middle reach, highest biomass was recorded in September (4.3 + 0.9 g wwt.m™). Biomass
decreased from September (4.3 + 0.9 g wwt.m™) to November (0.2 + 0.1 g wwt.m™) after which it
fluctuated between January and May when the second highest biomass was recorded (2.5 + 0.6 g
wwt.m™). Biomass decreased from 0.6 (+ 0.3) g wwt.m™ in June to 0.1 (+ 0) g wwt.m™ in July and

increased again in August (1.5 + 0.7 g wwt.m™) (Figure 3.6).

In the upper reach, biomass decreased from September (1.6 + 0.5 g wwt.m™) to October (0.4 + 0.2
g wwt.m™). This was followed by an absence of shrimps from November to February. Shrimps
returned to the upper reach from March to May with the second highest biomass being recorded in

April (0.7 + 0.3 g wwt.m™) (Figure 3.6).
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3.3.2.4. Population structure and size frequency analysis

There was no significant difference in carapace length (CL) of the shrimps between the months and
sites (p < 0.05) (ANOVA). The CL of P. peringueyi caught during this study ranged between 5 to
25 mm (Figures 3.8.0 - 3.8.5). Juveniles (CL < 9 mm) were almost always present in the estuary
and occupied the lower and middle reaches while adults occupied all three reaches of the estuary

(Figures 3.7; 3.8.0 - 3.8.5).

In the lower reach, greatest numbers of juveniles were recorded in June, July, May, September and
November, respectively. The least number of juveniles were recorded in February, January,
December, October and April, respectively. The greatest number of adults occurred in March,
February, January, December, October and April. No juveniles were recorded in this reach in

March (Figure 3.7).

In the middle reach, greatest numbers of juveniles were recorded in January, June, October, July,
and May, respectively. No juveniles were recorded in November and March. The least number of
juveniles occurred in February, September and December, respectively. Only females were caught
in this reach in November. Adults dominated in November, March, February, September,

December and August, respectively (Figure 3.7).

In the upper reach, shrimps were absent on seven occasions of the sampling period (November to
February and, June to August). Adults were dominant in this reach. Juveniles were recorded in
September and May only (Figure 3.7). Only juveniles and females were caught in this reach in May

(Figure 3.7; Table 3.3).

Overall, the greatest numbers of shrimps were always recorded in the lower reach, and then the
middle and upper reaches, respectively (Figure 3.8.0 - 3.8.5). There was always a decrease in the
number of adults in the estuary whenever juveniles dominated. From May to August shrimps with

larger CL disappeared and the estuary was dominated with shrimps with CL of between 5 and 15
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mm (Figure 3.8.4; 3.8.5). Although adult shrimps were still present in the estuary in May, their
numbers decreased (Figure 3.8.4). Whilst most adults found in most months had a carapace length
of between 10 and 18 mm, larger adults (CL between 19 and 24 mm) were found in the middle and
upper reaches in September. In October, December and February larger shrimps were found in the
upper reach, April in the middle and upper reaches and May in the middle reach. The greatest mean
CL of the shrimps was recorded in the upper reach, in April (19.4 £ 4.7 mm) and October (16.1 £

3.4 mm), respectively.

3.3.2.5. Sex ratios

A t-test did not show any significant difference in the size of males and females (p = 0.399, t =
0.847). Females were always more abundant than males, except in March in the upper reach (Table
3.3). There were equal number of males and females in the lower reach in April (Figure 3.7; Table
3.3). No males were recorded in the lower and middle reaches in July and November in the middle
reach and, also in May in the upper reach (Table 3.3). The greatest variation in male: female sex
ratios occurred in December in the lower and middle reaches (Table 3.3). Overall the sex ratios for
the lower, middle and upper reaches were 2:1, 1.9:1 and 1.4:1 @/J, respectively (Table 3.3).
Overall male: female sex ratios in the lower and middle reaches differed significantly from an
expected 1:1 ratio (p < 0.05) (Chi-test). However, there was no significant difference between the

male: female sex ratio in the upper reach (p > 0.05) (Chi-test) (Table 3.4).
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Figure 3.7: Temporal and spatial patterns in the percentage of male, female and juvenile Palaemon

peringueyi in the Kariega Estuary from September 2010 to August 2011.
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Table 3.3: Female to male sex ratios of Palaemon peringueyi in the lower, middle and upper

reaches of the Kariega Estuary.

Time Sex ratios (2/3)

Lower reach Middle reach Upper reach
Sep-10 2.1:1 2.1:1 3.1:1
Oct-10 1.7: 1 4.8:1 1.7: 1
Nov-10 2:1 All females shrimps absent
Dec-10 5.6:1 5:1 shrimps absent
Jan-11 1.2:1 2:1 shrimps absent
Feb-11 1.2:1 1.9:1 shrimps absent
Mar-11 1.8: 1 1.5:1 0.6:1
Apr-11 1:1 2.1:1 2:1
May-11 4.9:1 2.1:1 All females
Jun-11 2.1:1 2.7:1 shrimps absent
Jul-11 All females All females shrimps absent
Aug-11 24:1 2.1:1 shrimps absent
Overall sex ratios 2:1 1.9:1 1.4:1
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Table 3.4: Results of chi-square test for sex ratio of Palaemon peringueyi in the lower, middle and

upper reaches of the Kariega Estuary.

Time Lower reach Middle reach Upper reach
X’ P X’ P X’ P

Sept-10 7.480 0.010 8.330 0.004 1.000 0.317
Oct-10 3.920 0.047 9.783 0.002 0.500 0.470
Nov-10 2.000 0.157 5.000 0.030 shrimps absent
Dec-10 9.800 0.002 2.700 0.102 shrimps absent
Jan-11 0.182 0.667 0.333 0.564 shrimps absent
Feb-11 0.200 0.657 4.923 0.023 shrimps absent
Mar-11 2.612 0.106 1.285 0.257 0.200 0.655
Apr-11 0.000 1.000 4.900 0.027 0.333 0.563
May-11 20.447 p <0.001 5.000 0.025 4.000 0.045
Jun-11 7.333 0.006 2.272 0.132 shrimps absent
Jul-11 10.000 0.002 4.000 0.045 shrimps absent
Aug-11 7.681 0.006 1.000 0.317 shrimps absent

Overall sex ratios  46.488 p <0.001 38.623 p <0.001 0.667 0.414
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Figure 3.8.2: Carapace length (mm) of Palaemon peringueyi in the lower and middle reaches of the Kariega Estuary from January to

February 2011.

42



Chapter 3: Population Dynamics

35 30
.30 A March Lower reach 25 A April
955 n=31 Z Lowerreach
S50 Mean CL =13.7(=2.3) £ 20- n=129
£=20 3 =13.4(:18
° 10 Juvenile = 0 t: 10 J=148
5 °© 5 Juvenile =36
0
80 _ 0
70 A Middlereach 18-
n=4 > 161 A Middlereach
590 Mean CL=107(-1.4) 214 n=76
550 Y= 212 Mean CL=13.1(=3.6)
3_40 A= o104 =27
- o= 28 7=13
E 30 Juvenile = 0 L g 3 )
° 20 =X 4 Juvenile = 36
10 2|
0 0
70, 35 .
60 Upperreach 30 Upperreach
3 50 Moan CL =131 325 n=3
£ YeanCL=131(=.2) € 5 Mean CL =19.4(-4.7)
3 40 T E =
s Juvenile =0 w40 - I
< 20 2 Juvenile =0
10 2
0 " - 0 2 4 6 8 10 12 14 16 18 20 22 24
0 2 4 6 8 10 12 14 16 18 20 22 24

Carapice length (mm) Carapice length (mm)
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3.3.2.6. Biological data

There was a significant effect of time (month) and site on the percentage vegetation cover (p <
0.05) (ANOVA). Mean vegetation cover during the study ranged between 0 and 100 (= 0) %. A
Post-hoc test (Fisher LSD) showed that in the lower reach, July and August were different from
other months (Figure 3.9). In the middle reach, variation occurred between all the months with the
exception of June and August (Figure 3.9) while in the upper reach variation occurred throughout
the year with some months being similar (Figure 3.9). The highest vegetation cover was recorded in
the lower reach, followed by the middle and the upper reaches, respectively (Figure 3.9) with
highest vegetation cover being recorded in spring (September) and lowest in winter (July). The

overall pattern in all reaches showed a decline of vegetation cover from late spring to winter.

In the lower reach, vegetation cover decreased from 100 % in September to 86.7 (= 1.9) % in
January. Vegetation cover remained high until July where there was a decrease (36.7 + 17). There

was a slight increase of vegetation cover in August (45 + 14.2 %) (Figure 3.9).

In the middle reach, vegetation cover decreased from September (96 £ 1.9 %) to April (55 = 4.4 %).
However, in May, vegetation increased to 76.7 (£ 5.1) % but decreased again from June to July
where the lowest percentage vegetation cover was observed (1.7 £ 0.9 %) and vegetation cover

increase to 26 (= 1.9) % in August (Figure 3.9).

In the upper reach, the percentage vegetation cover decreased from September (86.7 £ 3.9 %) to
December (20 + 5 %). In January, vegetation increased to 68.3 ( 8.6) % after which it fluctuated

until July where the no vegetation cover was observed (Figure 3.9).

Due to laboratory logistical constraints, no chlorophyll-a and POM data were collected over the
period of November to January. Data indicate that the mean particulate organic matter ranged from
0.04 (£0.02) pg POM.L" to 1.6 (+ 0.05) pg POM.L" in the lower reach, from 0.06 (+ 0.04) pg
POM.L" to 1.55 (+ 0.06) pg POM.L™" in the middle reach and from 0.03 (+ 0.01) to 1.59 (£ 0.08)
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g POM.L" in the upper reach. The highest mean POM concentrations were recorded in May and
lowest in August for all the reaches (Figure 3.10).

Mean chlorophyll-a concentration ranged from 0.01 (+ 0.003) to 4.04 (+ 2.53) pg chl-a.L™ in the
lower reach, 0.02 (+ 0.01) to 4.4 (+ 2.24) ug chl-a.L'in the middle reach and 0.02 (+ 0.01) to 4 .94
g chl-a.L ™ in the upper reach. The highest chlorophyll-a concentrations were recorded in March (4
+2.525 pg chl-a. L") in the lower reach, May (4 + 2.239 ug chl-a.L™") middle reach and April (5 +
3.235 ug chl-a.L™") upper reach (Figure 3.11).
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Figure 3.9: Mean (+ SE) vegetation cover (%) in the lower, middle and upper reaches of the
Kariega Estuary from September 2010 to August 2011. Error bars are standard error; different

letters indicate significant difference (p < 0.05).
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3.3.2.7. Physico-chemical parameters

There was a significant difference in temperature between months (p < 0.05) (ANOVA) but not
between the sites (p > 0.05) (ANOVA). Variation in temperature occurred between the months in

all reaches with some months being similar (Post-hoc test, Fisher LSD) (Figure 3.12).

Mean water temperature recorded in the estuary during the study ranged between 12.3 (= 0.3) °C to
27.5 (£ 0.1) °C. The highest temperature was recorded in February (27.5 ° C) and lowest in July
(12.3 ° C) both of which were recorded in the upper reach. Temperature demonstrated similar
patterns in all the regions although the lower reach had lower temperatures compared to the middle

and upper reaches.

Initially, temperature increased from September to February in the middle and upper reaches of the
estuary. While in the lower reach, temperature increased from September to December. From
March to July, temperature decreased with the lowest temperatures being recorded in July for all

the reaches. In August, there was a slight increase in temperatures in all the reaches (Figure 3.12).
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Figure 3.12: Mean (+ SE) temperature ("C) from the surface water of the lower, middle and upper

reaches of the Kariega Estuary from September 2010 to August 2011. Error bars are standard error;

different letters indicate significant difference (p < 0.05).
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Mean salinity recorded during the study ranged from 0 to 44.3 (£ 1.2) (Figure 3.13). Changes in
salinity followed a similar pattern in all regions of the estuary. Salinity decreased from September
to October in all the reaches. In July, the lower reach became freshwater, however, in August

salinity in the lower reach increased to 14.1 (£ 2.3) (Figure 3.13).

Salinity patterns in the middle reach were similar to the lower reach except in June and July, the
water of this reach became fresh. Salinity rose again in the middle reach in August to 2.3 (= 0.8).
The upper reach demonstrated similar patterns but became freshwater dominated from June to
August. There was a significant difference in salinity between the months (p < 0.05) (ANOVA).
Salinity varied amongst the months in all three reaches with some months being similar (Post-hoc

test, Fisher LSD) (Figure 3.13).

Dissolved oxygen concentrations varied significantly between months (p < 0.05) (ANOVA) but not
between the sites (p > 0.05) (ANOVA). Post-hoc test (Fisher LSD) also showed that variation
occurred throughout the months with some months being similar (Figure 3.14). Dissolved oxygen
concentrations increased in all the regions from September to October. However, there was a
decrease in DO in the lower reach from October (9.1 + 1.2 mg.L'l) to December (5.6 = 0.8 mg.L'l).
Dissolved oxygen fluctuated from January to August with highest DO being recorded in October
(9.1 £ 1.2 mgL") and April (9.3 + 0.8 mgL") (Figure 3.14). In the middle reach, DO
concentrations decreased from October (8.6 = 0.3 mg.L'l) to December (4.8 = 0.5 mg.L'l) and
fluctuated until August (Figure 3.14). In the upper reach, DO concentrations also decreased from
October (10 + 0.5 mg.L™") to December (4.2 + 0.1 mg.L™") after which the DO records fluctuated.
However DO increased again from February (3.8 + 0.5 mg.L") to August (10.4 + 0.3 mg.L™").
Highest (10.4 mg.L™") and lowest (3.8 mg.L™") DO concentrations were recorded in the upper reach
(Figure 3.14).
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Figure 3.13: Mean (+ SE) salinity (PSU) from the surface water of the lower, middle and upper
reaches of the Kariega Estuary from September 2010 to August 2011. Error bars are standard error;

different letters indicate significant difference (p < 0.05).
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Table 3.5: Results for One-way ANOVA (Statistica version 10) to determine the significant
difference in temperature, salinity, dissolved oxygen and vegetation cover between months and sites

(lower, middle and upper reaches) of the Kariega Estuary.

Variation Sum of squares  Degree of freedom Mean Squares F- ratios P
Temperature

Months 1716.290 11 156.030 47.550 p <0.001
Sites 131.080 8 16.390 0.854 0.558
Salinity

Months 21903.930 11 1991.270 148.858 p<0.001
Sites 157.390 8 19.670 0.085 0.999

Dissolved oxygen
Months 246.004 11 22.364 14.043 p <0.001
Sites 5.757 2 2.879 0.941 0.400

Vegetation cover
Months 53297.000 11 4845.200 7.401 p <0.001
Sites 12164.300 2 6082.100 9912 0.0004
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3.4. Discussion

The results of the physico-chemical study indicate that temperature demonstrated a strong seasonal
pattern with the highest water temperature recorded in summer and the lowest in winter.
Intermediate temperatures were recorded in spring and autumn (Figure 3.12). This pattern is
consistent with the published literature and can be correlated to the climate regime within which the
estuary is found. Additional changes in water temperature are probably associated with the inflow
of freshwater into the estuary following heavy winter (June to August) rainfall within the catchment
area, and the inflow of cooler marine waters into the lower reach of the estuary. The changes in
vegetation cover particularly in the upper reach, is probably linked to hypersaline conditions
present in the begging of the study and freshwater inflow as the result of the winter rainfall.
Optimal salinity ranges for Nanozostera capensis has been shown to be in the ranges of between 15
and 35 (Iyer and Barnabas 1993; Adams and Bate 1994; 1996). The absence of rainfall within the
catchment area of the Kariega Estuary at the beginning of the study contributed to hypersaline
conditions predominating within the upper reach of the system (Figure 3.13). This result is

consistent with previous studies conducted within the estuary (Heyns and Froneman 2010).

Statistical analysis for chl-a and POM could not be performed due to laboratory logistical
constraints. Existing data for POM shows that there was a significant increase in May; this was
probably due to high rain fall during the sampling. There was a significant decline in chlorophyll-a
in spring and late summer, this was probably due to low rainfall in the region. Rainfall has been

associated with the input of nutrients in estuaries (Allanson and Read 1987; Grange and Allanson

1995).

3.4.1. Recruitment and size distribution

The absence of berried females in the Kariega Estuary during this study is consistent with the

published literature that P. peringueyi is an obligate marine breeder. This offshore breeding phase
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is a common feature for most species of penaeid (Kutkuhn 1966; Allen 1966) and caridean prawns
including Crangon franciscorum and C. nigricauda (Isracl 1936) and Palaemon serratus (Foster
1951). Recruitment of P. peringueyi into estuaries occurs at stage 6 zoea and post-larvae
(Robertson 1984). With the exception of March, P. peringueyi juveniles were always present in the
estuary during the survey (Figure 3.7). Greatest number of juvenile P. peringueyi in the Kariega
Estuary was recorded in winter (Figure 3.7). The presence of high density of juveniles in May to
July suggests that peak recruitment of juvenile P. peringueyi in the Kariega Estuary takes place
mostly in late autumn and early winter. In the present study, juveniles in September accounted
more than 60 % of the total population caught (Figure 3.7); this may further suggest that, a second
smaller peak in recruitment also occurs in spring. Emmerson (1985) also reported a continuous
recruitment of juvenile P. peringueyi in Port Elizabeth tidal pools with peak recruitment in
November and a second smaller peak in winter. Robertson (1984) found that peak recruitment of P.
peringueyi in the adjacent Bushmans Estuary occurred in February and April and further suggested
that P. peringueyi is a perennial breeder with spawning activity occurring at various times of the
year along the warm temperate south and east coasts of South Africa. The difference in the
recruitment of juveniles between the Kariega Estuary and the Bushmans Estuary could be an
indication that recruitment of juvenile P. peringueyi may vary yearly or it was probably due to the
difference in estuarine temperatures, tidal currents and salinities which are often cited as having
influence on the recruitment of juveniles into estuaries (Hughes 1969; Young and Carpenter 1977;
Robertson 1984). Long term studies are probably required to establish the annual patterns of
juvenile recruitment into POEs. Year round breeding of shrimps has been recorded elsewhere in the
world (Heck 1977; Dugan 1983; Bauer 1989). The decrease in the number of adults caught in the

estuary in May was probably due to migration to the sea for breeding purpose (Figure 3.7).

In the present study, CL of the shrimps was measured as the region from the anterior tip of the
carapace to the dorsal midline of the posterior margin of the carapace (Section 3.2.1). Emmerson
(1986) measured the total length (TL) of P. peringueyi (distance from the tip of the rostrum to tip of
the telson). Robertson (1984) compared the relationship between CL and TL of P. peringueyi. The
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relationship between CL and SL were found to be linear (> = 0.989) (Figure 3.15). To enable the

comparison of Emmerson (1986), the regression equation of Robertson (1984), was used to convert

the minimum and maximum SL reported by Emmerson (1986) to CL. Emmerson (1986) recorded

minimum CL of 1.3 mm (SL = 6 mm) and maximum of 12.1 mm (SL = 50 mm) in the permanently

open Swartkops Estuary. In TOCEs, Bernard and Froneman (2005) recorded CL of between 5 and

16 mm while Froneman (2006) recorded CL of between 6.9 to 16.2 mm. The shrimps caught in the

present study were larger compared to those found by the previous authors. Carapace length of P.

peringueyi caught during this study ranged between 5 to 25 mm (Figures 3.8.0 to 3.8.5). The large

CL of P. peringueyi in the Kariega Estuary may probably be attributed to reduced number of

predators which probably result in longer life span for the shrimps; this has been established for

Palaemonetes pugio in two South Carolina estuaries (Alon and Stancyk 1982).

CL [mm)

w3486 = D154
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Figure 3.15: Relationship between carapace length (CL) and total length (TL) of Palaemon

peringueyi (Adapted from Robertson 1984).
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There was a distinct spatial pattern in the size distribution of P. peringueyi in the Kariega Estuary
(Figure 3.7). Juveniles were more abundant in the lower and middle reaches while adults generally
occurred in all the reaches. However, juveniles were more abundant in the lower reach compared to
the middle reach (Figure 3.7). The high abundance of juveniles in the lower reach was probably due
to high percentage cover of vegetation and the recruitment of smaller individuals from the marine
environment. Adult P. peringueyi were only recorded in 5 occasions (September to October and
March to May) in the upper reach of the Kariega Estuary. Juveniles were noticeably absent from
the upper reach except in two occasions (September and May) of the sampling periods (Figure 3.7).
Robertson (1984) showed that adult P. peringueyi can tolerate salinities of between 1 to 79 and
juveniles between 2 to 60. Therefore, the absence of juveniles from the upper reach could be
attributed mostly to the reduced vegetation cover rather than physiological constraints. Similar size
distribution pattern have been observed in TOCEs within the same biogeographic region (Bernard
and Froneman 2005; Froneman 2006). The size distribution pattern of P. peringueyi may be linked
to the distribution of submerged macrophytes (Froneman 2006) or may reflect their recruitment and

subsequent migration of shrimps up the estuary with development (Bernard and Froneman 2005).

3.4.2. Abundance and biomass

Minimum and maximum total abundance and biomass recorded in one tow ranged between 0 and
245.6 ind.m™ and between 0 and 13.6 g wwt.m™, respectively. Mean abundances of the shrimp
ranged between 0 and 88 (+ 27.3) ind.m™ (Figure 3.5) and mean biomass ranged between 0 and 4.4
(+ 1.4) g wwt.m™ (Figure 3.6). These values are low when compared to other permanently open
estuaries within the same biogeographic region with sustained freshwater inflow. For example,
Emmerson (1986) found that the abundance of P. peringueyi in the seagrass beds of the
permanently open Swartkops and Sundays River Estuaries ranged between 100 and 200 ind.m? in
summer and between 20 to 100 ind.m™ in winter. The low abundances of P. peringueyi in the

Kariega Estuary might be attributed to the reduced freshwater inflow. Mair (1980) demonstrated
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experimentally that postlarvae of four penaeid species in the western Mexico preferred low salinity
inland waters over seawater when recruiting into estuaries and suggested that this could be

significant in locating estuarine nursery grounds.

When compared to TOCEs within the same biogeographic region, the abundance and biomass
values obtained in the current study were high. Bernard and Froneman (2005) found the abundance
of P. peringueyi in the West Kleinemonde Estuary in the ranges of between 0 and 14.3 ind.m™ and
the biomass between 0 and 5.9 g wwt.m™. Similarly, Froneman (2006) found the abundance and
biomass in the Grants River Estuary in the range of between 0 and 23 ind.m™ and between 0 to 2.3
g wwt.m™, respectively. The reduced abundance and biomass values in TOCEs can be attributed to
the presence of a sand bar across the mouth of the estuary which reduces recruitment opportunities
into the system (Bernard and Froneman 2005; Froneman 2006; Whitfield et al. 2008). Statistical
results (regression analysis) showed a lack of any significant relationships between the selected
physico-chemical parameters (temperature, salinity, DO and vegetation) and abundance and
biomass of P. peringueyi (Table 3.2). A weak but significant correlation was observed between
abundance (1> = 0.109), biomass (r* = 0.185) and percentage vegetation cover (Table 3.2). Despite
the weak correlation between submerged vegetation and abundance and biomass found in this
study, several studies have demonstrated a significant correlation between submerged macrophytes
and abundance of P. peringueyi (Robertson 1984; Emmerson 1986; Bernard and Froneman 2005;
Froneman 2006). Submerged macrophytes are thought to provide the shrimps with food and refuge
against predation (Emmerson 1986; Rozas and Odum 1987; Knieb and Wegner 1984; Walsh and
Mitchell 1998; Adam et al. 1999). In the present study, the highest abundances and biomasses of P.
peringueyi were recorded in the lower reach followed by the middle reach. Both these reaches were
characterized by high percentage vegetation cover (Figures 3.5; 3.6 and 3.9). Similarly, lowest
abundances and biomasses of the shrimps were recorded in the upper reach which had the least
vegetation cover (Figures 3.5; 3.6 and 3.9). The reduced abundances of P. peringueyi in the upper
reach of the estuary were probably due to the low density of vegetation or low salinity. Allan et al.

(2006) found that temperatures of < 20 °C and salinity > 35 contributed to increases in the
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metabolic rate of P. peringueyi and further suggested that the shrimps may experience osmotic
stress in estuaries that experience hypersaline (> 40) conditions. The observed pattern in
distribution of P. peringueyi within the Kariega Estuary can therefore be attributed to both habitat

availability and physiological constraints.

3.4.3. Factors affecting recruitment

Several factors have been shown to influence migration of shrimps into estuaries. Forbes and Cyrus
(1991) associated the arrival of prawn post-larvae at the mouth of estuaries with the presence of
suitable currents. The Agulhas Current is believed to have a significant influence on the distribution
and migration of marine organisms occurring in the east coast waters of southern Africa (Macnae
1962; Heydorn et al. 1978). It has been established that more post-larvae enters the estuary on the
flood tide than on the ebb tide (Copeland and Truitt 1966). Robertson (1984) also found that the
larvae of P. peringueyi entered the Bushmans Estuary during the night tide flood. Crocos and Kerr
(1983) and Rothlisberg et al. (1983) have demonstrated the influence of currents in the post-larval
recruitment of Panaeus merguensis in the Gulf of Carpentaria. It is also believed that larvae are
attracted to the nursery areas by the quality of a salinity gradient related to the ocean thus implying
that the mysis and post-larvae are sensitive to changes of salinity (Williams and Deubler 1968;
Hughes 1969; Young and Carpenter 1977). This was further supported by the findings of the
current study where juveniles were concentrated in the lower reach. Considerable work has been
carried out on the importance of salinity and substrata as factors influencing nursery habitats
(Williams 1958; Gunther 1961; Hughes 1966; Young and Carpenter 1977; Young 1978; Mair 1980;
Branford 1981; Rulifson 1981). These studies indicate that once juveniles enter an estuary, a
particular species tend to prefer a biotope with a specific physical characteristics as its final nursery
area. For example, Mair (1980) demonstrated experimentally that postlarvae of prawn species of

Western Mexico showed a preference for low salinity inland water over seawater and suggested
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that this could be significant in locating estuarine nursery area, while Penn (1975) confirmed the
entry of Penaeus latisulacatus in estuaries when there is a reverse salinity gradient. Mair (1980)
and Dall (1981) further suggested that estuarine water characteristics other than salinity play a role

in governing larval stages to theirs nursery areas.

Offshore migration is typical penaeid (Kutkuhn 1966; Allen 1966) and caridean shrimp (Israel
1936; Forster 1951) life cycles. Several authors (Idlly et al. 1964; Yokel et al. 1969; Garcia 1977)
established that penaeid prawns emigrate from nursery areas during the nocturnal ebb tide. Rainfall
and tidal phase are some of the factors found to stimulate emigration of shrimps (Staples and Vance
1986). Garcia and LeReste (1981) found that in areas where seasonal range of temperature is small
with seasonal rainfall, migration is stimulated by rainfall and Staples (1980) reported that areas

where temperature fluctuations are seasonal, temperature is a driving force for migration.

3.4.4. Sex ratios

The sex ratios of P. peringueyi recorded in this investigation showed a female biased ratio (Table
3.3). Wildish (1977) suggested that a female biased sex ratio increases the reproductive potential of
the species, as it is assumed that one male can fertilize several females, resulting in a reduced need
for males (Wong and Moore 1996). The female biased sex ratio in P. peringueyi, might be a result
of misidentifying the sex of smaller individuals, this is because the appendix masculine may only
develop in larger males (Robertson 1984). Although there was no significance difference between
the CL of males and females, the largest shrimps caught during the study were females. Size
variation in males and females is common in most prawn and caridean species (Walker 1979;
Howard 1981; Alon and Stacyk 1982;Gray 1991). However, in some Macrobrachium species
males attain larger size than female (Ling 1969; Koshy 1971; Guest 1979). Differences in growth
between male and female P. peringueyi has been recorded by Emmerson (1986). The author found
that male P. peringueyi matures and migrate earlier than females with the smallest mature male

being 11 mm in CL. The high female numbers in the estuary could probably be related to the early
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migration of males to the sea. An estimate of P. peringueyi longevity is 2 to 3 years (Emmerson
1986). Some caridean shrimps have been found to breed two or three times in one season (Walker

1979; Gray unpublished data), however this has not been established for P. peringueyi.

3.5. Conclusions

The estimates of the abundance and biomass of P. peringueyi in the Kariega Estuary were lower
than the abundances found in other POEs with sustained freshwater inflow within the same
geographic region. Temperature and salinity did not appear to have an effect on the abundance and
biomass of the shrimp in the estuary. The shrimps showed a spatial variation in their distribution
patterns with highest abundances found in the lower and middle reaches of the estuary. The
observed pattern can likely be attributed to the recruitment of the shrimp from the marine
environment into the estuary and the availability of habitat in the form of N. capensis. Both the
lower and middle reaches had high vegetation cover and the lowest vegetation cover was recorded
in the upper reach. The upper reach of the estuary had the lowest abundance which was probably
due to sparse vegetation cover and physiological constraints. Abundance and biomass of P.
peringueyi showed a seasonal variation. Juveniles were mostly found in the lower reach while
adults were found in all three reaches which probably indicate that juveniles are less tolerant to
salinity changes and that adults can tolerate wide salinity ranges. The results also suggest that
submerged vegetation (mostly N. capensis) plays an important role in determining the distribution

of P. peringueyi in the estuary (predator avoidance and increased food availabity).
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Chapter 4
Feeding of Palaemon peringueyi in the Kariega Estuary determined by

using carbon (5"°C) and nitrogen (5'°N) isotope ratios

4.1. Introduction

Estuarine organisms can derive their carbon from both imported sources (allochthonous) and
sources that are produced within the estuary (autochthonous) (Richoux and Froneman 2007).
Comparing the stable carbon isotope ratio of primary consumers with the isotope ratio of the
primary producers can indicate the food source of the animal (Haines and Montague 1979; Fry and
Sherr 1984; Gearing et al. 1984; Peterson et al. 1985; Jerling and Wooldridge 1995; France et al.
1998). Analysis of carbon isotopes can provide information on the origins and pathways of organic
matter since the stable isotope composition of consumers is closely related to that of their diet
(Peterson et al. 1985; France and Peters 1997). Previous studies have shown that during feeding, the
nitrogen isotopes of an animal becomes extremely fractionated compared to carbon and hydrogen
(Minagawa and Wada 1984), and that 8'°N isotope of an organism is enriched by ~ 3.4 %o
compared to its diet (Peterson and Fry 1987; Post 2002). Therefore, 8N signatures can indicate the
trophic level of an organism within food webs (DeNiro and Epstein 1981; Minagawa and Wada

1984; Peterson and Fry 1987; Post 2002).

The reduced freshwater input in the Kariega Estuary has resulted in an oligotrophic (Grange and
Allanson 1995; Grange et al. 2000) marine dominated system (Hodgson 1987). As a result of the
marine dominance in the Kariega Estuary, submerged macrophytes such as the Nanozostera
capensis occur along the entire length of the system (Paterson 1999). The marine dominance in the
Kariega has also resulted in N. capensis and salt marsh plants to occupy ~ 24% of the system
(Froneman 2001). These macrophytes are thought to contribute significantly to the detrital pool of
the estuary (Paterson 1999).
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The shrimp, Palaemon peringueyi, is a common component of the macrofauna in temperate
estuaries along the Eastern Cape coastline of South Africa where maximum densities are typically
recorded in the submerged macrophyte beds (Emmerson 1983; 1987). Studies on feeding ecology of
P. peringueyi using stable carbon isotope and fatty acids by Richoux and Froneman (2007; 2008)
indicate that the shrimp feeds mainly on detritus and plant materials derived from submerged
macrophytes which with they are associated. Although feeding of P. peringueyi using 8 *C and
8'°N isotopes have been investigated in the Kariega Estuary, most of these studies have been
restricted to the middle reach of the estuary (Paterson and Whitfield 1997; Froneman 2001; Richoux
and Froneman 2007). During the sampling survey of the population dynamics of P. peringueyi in
the Kariega Estuary (Chapter 3), it was establish that the shrimps are distributed along the entire
length of the estuary, and that they are most abundant in the lower reach of the estuary. In some
aquatic systems, it has been demonstrated that carbon sources may be distributed homogeneously
which may result in animals from separate sites having similar diets (Connolly et al. 2005).
However, it has been shown that even in stable systems, sources of carbon may differ due to the
variable nature of detritus (Kreeger and Newell 2000) and differences in the presence of salt
marshes in different areas of the estuary (Richoux and Froneman 2007). Therefore, I hypothesize
that feeding of P. peringueyi will be different in the different regions of the estuary due to possible
variation of carbon sources, but is similar between the sexes of the shrimp since both males and
females utilize the same habitat (submerged aquatic macrophytes). This study therefore aims to use
carbon and nitrogen stable isotope analysis to determine the spatial changes in the feeding ecology

of P. peringueyi in three regions in the Kariega Estuary.

4.2. Materials and Methods

4.2.1. Sample collection

The shrimps were collected by using a pull net from three sites in the Kariega Estuary in April

2011. Site 1 was situated in the lower reach at 33°40°300 S; 26°40°310 E, site 2 in the middle reach
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at 33°37°873 S; 26°38°629 E and Site 3 was situated in the upper reach at 33°36°709 S; 26°38°457 E
(Figure 3.1). The shrimps were collected in areas covered by vegetation (mostly N. capensis). The

percentage vegetation cover ranged from 30 to 80 % at the different stations.

4.2.2. Stable isotope analysis

A total of 26 shrimps were processed for 8> C and 8'° N isotope analysis (lower reach n = 10,
middle reach n = 12 and upper reach n = 4). In the laboratory, the shrimps were sexed with the aid
of a dissecting microscope and the carapace length (CL) of each individual shrimp was measured to
the nearest mm (see Chapter 3). The shrimps were separated into sexes (lower reach = 5 males and
5 females, middle reach = 6 males and 6 females, and upper reach = 2 males and 2 females) and
dissected. In order to avoid contamination, the gut and exoskeleton of the shrimps were removed;
only the muscle tissues from the abdomen were used for stable isotope analysis. Sufficient amount
of tissue sample was obtained from each animal for an isotope result. The samples were oven dried
at 60 °C for 24 hours and homogenized using a mortar and pestle. The samples were treated with 1
M HCL to eliminate carbonates, rinsed with distilled water, oven dried again for 24 hours and
homogenized. Lipids were not extracted as only muscle tissues were analysed. Muscle tissues are
characterized by low lipid content (Bodin et al. 2007). The tissue samples were analysed for stable
carbon and nitrogen isotope at the IsoEnvironmental cc, Department of Botany, Rhodes University
using a Europa Scientific Elemental Analyser coupled to a 20-20 Isotope Ratio mass Spectrometer
(IRMS). In-house standards (Casein and a mixture of beet sugar and ammonium), calibrated
against International Atomic Energy Agency (IAEA) standards, were used as internal calibrants.

Isotope results were expressed in the 6 notation:

8 (%0) = (Rsample/ Rytandara - 1) % 1000, where & (%o) is 8" or SN and Rmple and Rygandara are the

BC/C or PN/"N ratios of the sample and standard, respectively.
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4.3. Data analysis

A One-way ANOVA was used to test the differences of stable carbon and nitrogen isotope ratios of
P. peringueyi at the different sites and sex. A Post-hoc test (Fisher LSD) was used to determine the
sources of variations between the 8"°C and 8'°N ratios of males and females from the three study

sites (lower, middle and upper reaches). Statistica version 10 was used to perform all analyses.

4.4. Results

4.4.1. Statistical analysis

There was no significant difference in the 8'°C and 8N isotopes of males and females (p > 0.05)
(ANOVA). However, there was a significant difference in the 8"C and 8'"°N isotopes between the
sites (p < 0.05) (ANOVA). A post- hoc test (Fisher LSD) showed that shrimps from the lower reach
are significantly different from those in the middle and upper reaches in both 8°C and 8N

isotopes (Figures 4.1; 4.2; Table 4.1).
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Table 4.1: Results for One-way ANOVA (Statistica version 10) to examine any significant
difference in the 8" C and 8"°N isotope between males and females and the regions (lower, middle

and upper reaches) of the Kariega Estuary.

Variation Sum of Degree of Mean F- P

squares freedom Squares ratios

8" C isotopes

(Sex)

Lower reach 0.523 1 0.523 0.267 0.619
Middle reach 0.152 1 0.152 0.159 0.701
Upper reach 0.348 1 0.348 1.759 0.316
8"°N isotopes

(Sex)

Lower reach 0.787 1 0.787 5.235 0.051
Middle reach 0.015 1 0.015 0.056 0.819
Upper reach 0.3603 1 0.360 18.550 0.049

8" C isotopes

(Site) 93.728 2 46.864 38.289 p <0.001
8"°N isotopes
(Site) 20.842 2 10.421 52.420 p <0.001

4.4.2. Primary producers

Data for the primary producers and sediments were obtained from Richoux and Froneman (2007).
Stable carbon isotopes for primary producers ranged between 5 to 27 %o. Sediments had the most
enriched 8"C signatures (-5.3 +0.1, %o), followed by the eelgrass Nanozostera capensis epibionts
(algae that grown on N. capensis) (-11.7 £ 0.3, %o), N. capensis fresh (-8 + 0.2, %o0) and N. capensis

dry (-8.3 £ 0.1, %0). Benthic algae (comprising mainly of macrophytobenthic algae) and Codium
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which grows in the estuary had intermediate signatures while the salt marsh (Sarcocornia perennis
and Chenolea diffusa) and riparian plants had depleted 8'°C signatures (Table 4.1). Stable nitrogen
isotopes ratios ranged from 3 — 11 %o. Riparian plants and seston had the most enriched &N
signatures (3.7 = 0.3 and 3.6 £+ 0.9, %o, respectively) with the salt marsh C. diffusa having the most

depleted 5"°N signatures (11.1 + 0.9, %o).

Table 4.2: 3"°C and 6'° N signatures for producers collected from the Kariega Estuary in February
2006, obtained from Richoux and Froneman (2007).

Primary producers 8" C 8N
Nanozostera capensis epibionts -11.7+0.3 9.5+0.1
N. capensis fresh -8.0+£0.2 57+0.8
N. capensis dry -8.3+0.1 7.1+04
Benthic algae -155+1.0 10.3+£2.7
Codium sp. -17.2+0.9 9.3+0.1
Seston -23.0£0.5 3.6+09
Sarcocornia perennis -27.6+0.2 95+0.2
Chenolea diffusa -26.9+0.2 11.1£0.9
Riparian plants -27.8+04 3.7+0.3
Sediments -5.3+0.1 5.7£0.8
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Figure 4.1: Mean (+ SD) 8" C (%o) values for Palaemon peringueyi collected from the Kariega
Estuary in April 2011. Different letters indicate a significant difference (p < 0.05), males and

females were pooled.
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Figure 4.2: Mean (£ SD) 8'"°N (%o) values for Palaemon peringueyi collected from the Kariega
Estuary in April 2011. Different letters indicate a significant difference (p < 0.05), males and

females were pooled.
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Figure 4.3: "°C and 8"°N (%) values (+ SD) for primary producers and sediments (obtained from
Richoux and Froneman 2007) and Palaemon peringueyi (this study) collected from three sites

(lower, middle and upper reaches) in the Kariega Estuary. (Horizontal bars are standard deviation).

4.4.3. Palaemon peringueyi

There were no significant differences in the stable carbon and nitrogen isotope ratios between the
male and female P. peringueyi (p > 0.05) (Figures 4.4; 4.5). Mean stable carbon values for P.
peringueyi ranged from -12.4 (£ 1.3) to -17.5 (+ 0.5) %o and mean 8"°N ranged from 11.6 (+ 0.5) to
13.5 (+ 0.4) %o. There was an enrichment of 8'"°C values of P. peringueyi from downstream to
upstream of the Kariega Estuary (Figure 4.1). The shrimps with the most enriched 8'°C signatures
occupied the lower reach (-12.4 + 1.3, %o), the shrimps with moderately enriched 8'"°C signatures
occupied the middle reach (-15.6 = 0.5, %0) with the upper reach being occupied by shrimps with
the most depleted 8"°C signatures (-17.5 + 0.5, %o) (Figures 4.1; 4.3). Stable nitrogen isotope was
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enriched in the lower reach (11.6 £ 0.5, %0) with the middle and upper reaches having similar

isotope values of 13.5 (£ 0.4) %o and 13.4 ( 0.4) %o, respectively (Figure 4.2).
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Figure 4.4: Mean (+ SD) 8"°C values of male and female Palaemon peringueyi in the Kariega

Estuary in April 2011. Different letters indicate a significant difference (p < 0.05).
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Figure 4.5: Mean (+ SD) 8"°N values of male and female Palaemon peringueyi in the Kariega

Estuary in April 2011. Different letters indicate a significant difference (p < 0.05).

4.5. Discussion

Stable carbon isotopes (5'°C) can be used to indicate feeding and carbon flow pathways because of
the limited fractionation from prey to predator (Hecky and Hesslein 1995), while the 8'"°N isotope
can be used to determine the trophic position of an animal in the ecosystem (Gu et al. 1996; Vizzini
et al. 2002) since the 8'°N of an organism is enriched by ~3 %o compared to its diet (Peterson and
Fry 1987; Post 2002). Based on the stable isotope values of primary producers obtained from
Richoux and Froneman (2007), the 8"°C and 8'°N isotope of primary producers in the Kariega
Estuary demonstrated distinct values, those that were depleted, those that were moderately depleted
and those that were enriched (Table 4.2). Nanozostera capensis epibionts, benthic algae and

Codium possessed less enriched 8'°C and 8'°N isotopes compared to N. capensis (fresh and dry)
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and sediments which had the most enriched 8"°C and 8"°N isotopes (Table 4.2). The values of §"°C
for N. capensis (-8.3 %o) fell within expected ranges of seagrasses (-3 to -13 %o) (Calder 1969;
Parker and Calder 1970; Smith et al. 1976; Fry 1977). The primary producers that were depleted
were seston (-23 %o), the salt marsh plants C. diffusa (-26.9 + 0.2, %o) and S. perennis (-27 £+ 0.2,
%0) and the riparian vegetation (-27.9 = 0.4, %0) (Table 4.2). The value of the salt marsh plants are
similar to those that are reported in Paterson and Whitfield (1997) where 8'°C values of S. perennis
was -24.9 %o and -25.8 %o for C. diffusa. The depleted 8'°C values for seston (-23 %o) were similar
to those reported in Paterson and Whitfield (1997) and Froneman (2001). However, Froneman
(2001) associated the depleted values of seston to the close proximity of the salt marshes. This may
be the explanation for the depleted seston since the investigation by Richoux and Froneman (2007)

was taken within proximity to the salt marshes in the lower middle reach of the Kariega Estuary.

Like the primary producers, P. peringueyi also demonstrated a pattern of 8'°C and 8'°N signatures.
There was an enrichment of §"°C signatures for the shrimps from downstream to upstream in the
Kariega Estuary (Figures 4.1; 4.3). The differences in the 81C signatures of shrimps from the
different sites indicate that the shrimps are likely feeding on different carbon sources. The shrimps
in the lower reach appear to be feeding mainly on N. capensis epibionts (Figure 4.3). This was
confirmed by the similarities of the 8'°C values between the shrimps and N. capensis epibionts.
However, it is more likely that N. capensis epibionts could be the major food source of the shrimps
in the lower reach since previous studies (Emmersonl1987; Froneman 2002a; Richoux and
Froneman 2007) found that P. peringueyi feeds mainly on plant material associated with N.
capensis. The 8'°C and 8'°N isotope values of P. peringueyi suggest that the major diet for shrimps
in the middle reach is benthic algae; Codium is probably ingested but not frequently (Figure 4.3).
In the upper reach, possible diet for the shrimps is Codium; benthic algae is probably also ingested
(Figure 4.3). However due to the thick filamentous structure of the both Codium and benthic algae,
it is less likely that the shrimps may be able to masticate and digest these macrophytes. The shrimps

are therefore probably feeding on detritus. However, there is also a possibility that P. peringueyi
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may be feeding on carbon and nitrogen sources that have not been recorded during sampling.
Although N. capensis fresh, N. capensis dry and sediments possessed the most enriched 8"°C values
(Table 4.2; Figure 4.3), these food sources are too enriched and are probably not utilized by the
shrimps. These findings are in agreement with the study by Richoux and Froneman (2008) where
the higher plants fatty acid (s) (HPFA) observed in P. peringueyi confirmed that epibionts and

microalgae associated with seagrass and benthic algae are the key dietary items for the shrimps.

DeNiro and Epstein (1978) and Fry et al. (1977) found that small ranges of stable isotope ratios
(1.8-2 %0) or less among conspecific animals indicate that individual animals have similar diets,
while ranges greater than 2%. indicate isotopically different diet. Therefore, the variations in the
8"°C and 8'°N at the sites does not imply a change in trophic position but may indicate that the
shrimps may be feeding on different food sources. The enrichment of "°C and 8"°N isotopes of the
shrimps towards the mouth of the Kariega Estuary can be attributed to the enrichment of §"C
isotopes of the dissolved inorganic carbon fraction of oceanic water relative to estuarine water
(Simenstad and Wissmar 1985) and the increase in phytoplankton production and biomass in the
lower reach (Richoux and Froneman 2007). Similar patterns were observed in Richoux and
Froneman (2007) where there was an enrichment of 8"°C at a downstream site compared to an
upstream site. It also appears that the enriched 8'°C of primary producers (N. capensis) in the lower

reach probably resulted in the enrichment of 8"°C and 8'°N isotopes the shrimps at that site.

Results from ANOVA showed that the 5'°N isotopes in the lower reach were significantly different
from the middle and upper reaches (Figure 4.2). The mean 8N isotopes was 11.6 (£ 0.5) %o in the
lower reach, 13.5 (= 0.4) %o in the middle reach and 13.4 (£ 0.4) %o in the upper reach. Since the
difference in 8'°N ratios between the three regions is less than 3 %, the difference in the 5'°N
isotopes between the sites does not indicate different trophic levels. The enriched 8'°N ratios in the
lower reach probably resulted from the enriched N. capensis epibionts (Table 4.1) or other sources

of primary producers that have not been recorded.
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Maynou and Carters (1998) suggested that investigating food consumption by organisms is essential
in understanding their ecological role in the ecosystem. A number of studies have demonstrated that
P. peringueyi is the dominant component of the hyperbenthos in southern African estuaries
(Bernard and Froneman 2005; Froneman 2006; Whitfield et al. 2008). The hyperbenthos plays an
important role in linking benthic and pelagic food webs (Perissinotto and MaQuaid 1990).
Whitfield (1998) found that P. peringueyi is an essential component in the diet of several estuarine
fishes, these shrimps have also been found to play an important role in the nutrient and energy
dynamics of temporarily open closed estuaries (Froneman and Henninger 2010). Froneman and
Henninger (2010) also established that the shrimps may consume < 0.01 to 0.07 g dwt detritus m*
per day and as a byproduct of feeding. As a consequence, the shrimps may contribute to the export
of particulate and dissolved organic matter from the littoral zone to the channel of the estuary. The
shrimps therefore represent an important link between littoral zone and nekton within the Kariega

Estuary.

4.6. Conclusion

The results of the 8"°C values suggest that in the lower reach of Kariega Estuary, P. peringueyi
probably feeds on N. capensis epibionts. In the middle reach, possible diet for the shrimps is the
detritus derived from benthic algae and the detritus of Codium in the upper reach (Figure 4.3). The
result of this study also indicated an enrichment of §"°C and 8"°N of P. peringueyi towards the
mouth of the Kariega Estuary. The variation of 8"°C and 8"°N isotopes of P. peringueyi among sites
suggests that the shrimps are feeding on diets that are isotopically different. Kling et al. (1992)
suggests the 8'"°N enrichment is larger if the consumer is a strict predator, intermediate if the
consumer feeds at different trophic level and small if the consumer is a strict herbivore. This may
imply that shrimps in the lower reach are strict herbivores and that shrimps in the upper reach may
be feeding at different trophic levels, indicating omnivory. Indeed, Emmerson (1987) found that P.

peringueyi feed on epiphytic diatoms, detritus and a small contribution of nematodes.
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Chapter 5

General Discussion

The majority of South Africa’s POEs are ecologically threatened by decrease of freshwater inflow
(Whitfield 2005). Freshwater input has been regarded as a critical component to the functioning of
South African estuaries and indeed, in estuaries worldwide (Day et al. 1954). A comparative study
between the freshwater dominated Great Fish Estuary and the freshwater deprived Kariega Estuary
indicates that freshwater inflow can influence the structure and functioning of selected biota in
POEs (Whitfield 2005). For example, Grange et al. (2000) found that the maximum chlorophyll-a
value in the Kariega Estuary was 1 pg. chla-a.L"' while a maximum value of 22 pg. chla-a.L" was
recorded in the Great Fish Estuary. In the Kariega Estuary particulate organic material
concentrations ranged between 11 and 23 pug. POM. L compared to 29 and 76 pg. POM. L™ in the
Great Fish Estuary (Grange et al. 2000). Mean zooplankton biomass in the Kariega Estuary was <

50 mg.m™ while in the Great Fish Estuary values ranged between 256 and 4253 mg.m™

. Finally,
the mean larval and early juvenile fish abundance in the Kariega Estuary was 49 ind.m™ and 279

ind.m™ in the Great Fish Estuary.

Mean (£ SE) abundances of Palaemon peringueyi recorded in the Kariega Estuary during the
present study ranged between 2.3 (+ 3.0) and 88 (+ 27.3) ind.m™ in the lower reach, from 0.9 (+ 0.4)
to 21.5 (+ 4.5) ind.m™ in the middle reach, and from 0 to 1.6 (+ 0.5) ind.m™ in the upper reach
(Figure 3.5). Mean biomass ranged between 0.4 (+ 0.5) and 44 (x 1.4) g wwt.m? in the lower
reach, from 0.1 (+ 0) to 4.3 (+ 0.9) g wwt.m™ in the middle reach and from 0 to 1.6 (+ 0.5) g
wwt.m™ in the upper reach (Figure 3.6). These values are low when compared to the abundance
and biomass of the shrimp in other permanently open estuaries within the same region. A
comparative study of abundance and biomass for P. peringueyi in selected POEs and TOCEs within

the Eastern Cape region is presented in Table 5.1. The mean biomasses of Emmerson (1986) and
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Bernard and Froneman (2005) were converted to wet weight by using a linear regression equation
obtained from Bernard and Froneman (2005). Emmerson (1986) estimated the mean abundance and
biomass of 163 ind.m™ and 13.3 g wwt.m™, respectively, in the lower reach of Sundays River
Estuary. In the lower reach of Swartkops Estuary, mean abundance was between 117 and 135
ind.m” and mean biomass between 10.4 and 10.9 g wwt.m™ (Emmerson 1986). Mean abundance of
186 ind.m? and biomass of 14.3 g wwt.m™ were recorded in the lower reach of the Kromme
Estuary while mean abundance and biomass of between 28 to 211 ind.m™and 1.0 to 15.3 g wwt.m’
2 respectively were recorded towards the upper reach of the Kromme Estuary (Table 5.1)
(Emmerson 1986). The reason for the low abundance and biomass of P. peringueyi in the Kariega

Estuary when compared to other POEs is unknown and requires further investigations.

The abundance and biomass of P. peringueyi attained during this investigation were greater than
those recorded in selected TOCEs within the same biogeographic region. Bernard and Froneman
(2005) obtained mean abundance and biomass of between 0 and 14.3 ind.m™ and 0 and 5.9 g
wwt.m™, respectively in the West Kleinemonde Estuary while Froneman (2006) obtained mean
abundance of between 0 and 23.2 ind.m™ and biomass of between 0 and 2.3 g wwt.m™ in the Grants
River Estuary (Table 5.1). The low abundance and biomass of P. peringueyi in TOCEs can be
attributed to the presence of the sandbar across the mouth which restricts recruitment of the shrimps
into these estuaries. Some authors (Beck and Cowell 1976; Berglund 1980; Alon and Stancyk 1982;
Bauer 1985; Gray 1991) found that in some Palaemonid shrimps, intraspecific variation can occur
in different habitats and in different geographic regions or latitudes. Therefore, differences in
habitats and environmental conditions may have also resulted in the reduced abundance of P.
peringueyi in TOCEs. Increased number of predators such as fish may also have resulted in the

reduced abundance and biomass P. peringueyi in TOCEs.

The mean abundances of P. peringueyi in the Eastern Cape POEs are high when compared to
abundances other species of Palaemon elsewhere in the world. For example, in a two year sampling

conducted in Alfacs Bay, western Mediterranean (Ebro delta), Palaemon serratus, P. adspersus and
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P. xiphias attained mean abundances of 0 to 59, 3 to 55 and 2 to 59 ind.m?, respectively in the
seagrass, Cymodecea nodosa (Guerao and Ribera 2000). In Namhae, South Korea, P. gravieri
attained total abundance of between 2 and 59 ind.m™ and mean abundance of 15 ind.m™ over a
period of two years (Kim 2005). The differences habitats or conditions within geographic regions

may have resulted in the reduced abundances of these shrimps (Sastry and Vargo 1977; Sikora

1977).

There was a distinct spatial pattern in the abundance and biomass of P. peringueyi in the Kariega
Estuary. The lower reach had significantly higher abundance and biomass of P. peringueyi than the
middle and upper reaches, respectively (Figures 3.5; 3.6). Similar distributional patterns have been
observed in other POEs (Emmerson 1986) and TOCEs (Bernard and Froneman 2005; Froneman
2006) within the same biogeographic region (Table 5.1). Similarly, the spatial pattern in the
distribution of size structure of P. peringueyi indicated that juvenile shrimps occupied the lower and
middle reaches, although they were more abundant in the lower reach while adults occupied all
three reaches of the Kariega Estuary (Figure 3.7). The observed distribution pattern is thought to
reflect a re-colonization pattern where established shrimps in the lower reach migrate up the estuary
(Bernard and Froneman 2005). The low abundance and biomass of P. peringueyi in the upper reach

during the study was probably due to reduced vegetation cover and / or physiological tolerance.
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Table 5.1: Comparisons of the mean abundance and biomass of Palaemon peringueyi in POEs and

TOCEs within the Eastern Cape region, South Africa.

Study Estuary Type Abundance Biomass (g
(indm?  wwtam?)
This study Kariega POE 0.0 - 88.0 0-44
Emmerson (1986) Sundays POE 163.0 13.3
Emmerson (1986) Swartkops, lower reach POE 117.0 10.4
Emmerson (1986) Swartkops, lower reach POE 135.0 10.9
Emmerson (1986) Kromme, upper reach POE 28.0-211.0 1.0-153
Emmerson (1986) Kromme, lower reach POE 186.0 14.3
Froneman (2006) Grants River Estuary TOCE 0.0-23.2 0.0-23
Benard and Froneman (2005) West Kleinemonde TOCE 0.0-14.3 0.0-59

The weak relationship observed between percentage vegetation cover and abundance and biomass
of the shrimps during this investigation, however suggest that the abundance and distribution of the
shrimp in estuaries could also in part, be related to availability of submerged macrophytes rather
than physiological constraints. It appears that vegetation, mainly N. capensis, is important to the
success of P. peringueyi in estuaries. Hanekom (1982) conducted a study in the Kromme Estuary
comparing the abundances of various nekton species occurring in Nanozostera beds with the same
species occurring in bare substratum. The results indicated that ~ 97 % of P. peringueyi population
collected were found in the Nanozostera beds. This is not surprising since N. capensis provide food
sources for the shrimps as established in Chapter 4, and are thought to provide the shrimps with

refuge against predators (Emmerson 1986; Walsh and Mitchell 1988).

Studies that have been undertaken on Palaemon species both locally (Emmerson 1985; 1986; 1987)
and elsewhere in the world (Lewis and Stoner 1983; Zimmerman et al. 1984; Bilgin et al. 2008)

show that the shrimps are more abundant in vegetated areas compared to bare substratum. It is
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believed that seagrass beds provide food and increased protection from predators compared to non-
vegetated areas (Zimmerman et al. 1984; Canion and Heck 2009). Canion and Heck (2009),
demonstrated experimentally that the turtlegrass Thalassaia testudium provided the shrimp
Palaemonetes pugio with greater protection from the predatory pinfish Lagadon rhomboids in the
Gulf of Mexico. Some studies indicate that dense vegetation provides the shrimps with even more
protection from predators compared to sparse vegetation (Nelson 1979; Heck and Thoman 1981;
Crowder and Cooper 1982). This suggests that P. peringueyi will probably not succeed in non-

vegetated areas.

In the current study, P. peringueyi showed a regular recruitment of juveniles with the largest
number of juveniles occurring in winter. Palaemon peringueyi has been reported to emigrate from
POEs when they attain a TL of between 30 to 40 mm which corresponds to residence time of ~9
months (Emmerson 1986). A linear regression equation (r* = 0.99, TL = 0.668 + 2.46 x CL)
obtained from Bernard and Froneman (2005) was used to convert CL of the shrimps to TL. The
shrimps would probably start migrating from the estuary to their spawning ground when they attain
CL of about 13 mm. In the current study, very few adult P. peringueyi (CL > 13 mm) were caught
in the estuary from May to August. The loss of adults was probably due to migration of adults into
the sea for breeding. However, the large numbers of adults with CL > 13 mm in September may
indicate that the shrimps probably attain maturation size after about 4 months of recruitment of

juveniles (Figures 3.7; 3.8.0 - 3.8.5).

There may have been an underestimation of the abundance and biomass of P. peringueyi in the
current study due to factors such as net avoidance and the time of sampling. The sampling for this
study took place during daytime low tides. Emmerson (1986) found that in the permanently open
Swartkops and Kromme Estuary, the seagrass N. capensis is largely exposed during low tide and
that the shrimps migrate out of the Nanozostera beds to other places before low tides. Seagrass beds
in the Kariega Estuary are also partly exposed during low tide and it is possible that most of the

shrimps may have migrated out of the Nanozostera before sampling took place. In the north coast of
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Puerto Rico, Bauer (1985) recorded higher abundances for nine species of caridean shrimps at night
than in day samples; the high abundance of shrimps at night was associated with nocturnal activity,
net avoidance during the day and migration into seagrass beds from other areas. Shrimps like
Alpheus normanni burrows during daytime, other shrimps like Latreutes fucorum and Hippolyte
curacaoensis cling to seagrass leaves during daytime and swim actively at night (Bauer 1985); it is
possible that P. peringueyi may demonstrate similar behaviour which may result in reduced catches

during the day and more at night.

Stable isotope ratios are used to gain information on the origins and pathways of an organism’s food
source as their isotopic composition are closely related to that of their diet (Peterson et al. 1985;
France and Peters 1997). In Chapter 4, the feeding ecology of P. peringueyi employing 8"°C and
8'°N isotope was investigated. The hypothesis of the study proposed that the diet of the shrimps
would be different in the different sites of the Kariega Estuary but similar in both males and
females. The results showed a significant difference in 8"C and 8"N isotope for P. peringueyi (p <
0.05) (Table 4.1) between the sites of the Kariega Estuary. Stable isotope ratios of the shrimps were
enriched in the lower reach (-12.4 + 1.3, %o0) followed by the middle reach (-15.6 £ 0.5, %o0) and
upper reach (-17.5 £0.5, %), respectively (Figure 4.1). The 8'°N isotope was enriched in the lower
reach (11.6 + 0.4 %), the middle and the upper reaches possessed depleted 8'°N isotope values of
13.5 (£ 0.4) %0 and 13.4 (£ 0.4) %o, respectively (Figure 4.2). However, no significant difference
was observed between the male and female 8'°C and §'°N isotope ratios (p > 0.05) (Table 4.1). The
differences in 8'"°C isotopes values between the sites suggest a variation of carbon source utilisation
within the sites of Kariega Estuary which supported the proposed hypothesis. Results of the stable
isotope analysis for the primary producers suggest that the diet of P. peringueyi in the lower reach is
likely comprised of N. capensis epibionts. In the middle reach, possible diet of the shrimps is
probably the detritus benthic algae and, Codium detritus in the upper reach (Figure 4.3). The
enriched 8'°C and 8'"°N isotope in the lower reach was probably the result of the enriched N.

capensis epibionts or other sources of primary producers that have not been recorded. Emmerson
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(1987) found that P. peringueyi is an omnivore and can feed on detritus and animal such as
nematodes. Similar diets in other species within the genus Palaemon have been observed (Guearo
1995; Janas and Baranska 2008). Janas and Baranska (2008) found that, in the Gulf of Gdansk
(Baltic Sea), the main diet of P. elegans is detritus, although various benthic animals also contribute
to their diet. Guerao (1995) found that P. xiphias in Alfacs Bay (northwest Mediterranean) is
carnivorous and feeds mainly of crustaceans and that plant materials are also ingested but not often.
However, TOCEs such as Kasouga and West Kleinemonde Estuary are dominated by submerged
macrophytes such as Ruppia maritima and Phragmites australis (Henninger 2008). Therefore, the
diet of P. peringueyi in TOCEs may differ from the diet of those found in POEs. In TOCEs such as
Kasouga and West Kleinemonde, P. peringueyi would probably feed on the detritus or other
organisms associated with R. maritima and P. australis. These data would suggest that P.

peringueyi is a generalist feeder / scavenger.
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Figure 5.1: Hypothetical food web of Palaemon peringueyi from the lower, middle and upper

reaches in the Kariega Estuary. Thick arrows represent the main diet of the shrimps in that reach.

85



Chapter 5: General Discussion

Figure 5.1 shows the role that P. peringueyi may play in the foodweb structure in the Kariega
Estuary. The major diet for P. peringueyi in the lower reach of Kariega Estuary would probably be
the seagrass N. capensis epibionts, the detritus of Codium and benthic algae are probably consumed
but not frequently. It is also not surprising that P. peringueyi in the lower reach feed on N. capensis
epibionts, since it was established in Chapter 3 that N. capensis is more abundant in the lower reach
of the Kariega Estuary. In fact, N. capensis epibionts are probably consumed in all three reaches of
Kariega Estuary since the seagrass extends the entire length of the estuary. In the middle reach, P.
peringueyi feeds mainly on the detritus of benthic algae. N. capensis epibionts and Codium detritus
may be consumed, but not as frequently as benthic algae. In the upper reach, major diet for P.
peringueyi is probably the detritus of Codium, although N. capensis epibionts and benthic algae
may contribute to its diet. Predators for P. peringueyi in the Kariega Estuary are species of some
estuarine fishes and probably other invertebrates such as cuttlefish and some species of jellyfish.

The shrimp may contribute to the export of detritus through defecation.

Palaemon peringueyi is a common component of the hyperbenthos in Southern African estuaries
(Emmerson 1986; Bernard and Froneman 2005) and plays an important role in the nutrient and
energy dynamics of estuaries (Froneman and Henninger 2010). Froneman and Henninger (2010)
demonstrated that the feeding activity of P. peringueyi may contribute to the export of particulate
and dissolved organic matter within estuaries. Assuming that the daily food intake of male and
female P. peringueyi in the Kariega Estuary is the same as that attained by Froneman and
Henninger (2010) for this species in the Kasouga Estuary, the daily food of the shrimp during this
investigation can be estimated. The daily food intake of P. peringueyi in the Kariega Estuary in
winter can be estimated to be between 3.3 to 3.8 g dwt detritus m™~ and 0.62 to 1.7 g dwt detritus m™
for females and males, respectively in the lower reaches. In the middle reaches between 0.7 to 2.6 g
dwt detritus m™ for females and 0.2 to 1.2 g dwt detritus m™ for males, and between 0 to 0.34 g dwt
detritus m™ for females and 0 and for males in the upper reaches. In summer an estimate of daily
food consumed P. peringueyi in the lower reaches is between 1.7 to 2.4 g dwt detritus m? for

females and 2.1 to 1.2 g dwt detritus m™ for males, between 0.71 to 0.3 g dwt detritus m™ for
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females and 0.2 to 0.2 g dwt detritus m™ for males in the middle reaches and 0 in the upper reach
since the shrimps were absent. Hyperbenthos play an important role in the remineralisation of
nutrients in estuaries (Mees and Jones 1997; Carleton and Hamner 2007). It is thought that as a
byproduct of feeding, or defecation, P. peringueyi may contribute to the export of particulate and
dissolved organic matter from the littoral zone into the channel of the estuary (Froneman and
Henninger 2010). Therefore, P. peringueyi probably also play a role in nutrient cycle in the Kariega

Estuaries.

5.1. Future Research

Palaemon peringueyi has often been cited as being a dominant component of the hyperbenthos
within POEs and TOCEs in South Africa (de Villiers et al. 1999; Kibirige and Perissinotto 2003;
Bernard and Froneman 2004; Kemp and Froneman 2004). Results from this study suggest that P.
peringueyi plays an important role in the community and food web structures within estuaries.
However, it is not fully understood how the shrimp responds to various abiotic factors within

estuaries. Further research on P. peringueyi could include the following:

1. Investigate the abundance and biomass of Palaemon peringueyi by nocturnal sampling, as many
studies (see Bauer 1985 and the references within) show that some decapod crustaceans are
more active at night. This will probably provide a more accurate estimation of the abundances

and biomass of the shrimp.

2. Assess how temperature and salinity affects larval and adult growth of P. peringueyi. This will
give a better understanding of how survival and growth rate changes between the two age

groups.

3. Investigate the effect of temperature and salinity on the feeding of P. peringueyi. Although the
studies show that the shrimp can tolerate a wide range of temperature and salinity (Robertson

1984), it has been suggested that mortality should not be the only manner to assess how
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physico-chemical variables affect an organism (Kinne 1963; 1971; Read and Cumming 1967,
Ansell and McLachlan 1980; McLachlan and Young 1982). It is important to determine the

point at which these variables begin to affect the physiology of an organism.

4. Investigate feeding of P. peringueyi by using a combination of gut content analysis and stable
isotopes (8'°C and 8'°N) or fatty acid analysis. A combination of stable isotope and gut content

analysis has been shown provide a more detailed and accurate evaluation of diet of organisms

(Drazen et al. 2008).
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Appendices

Appendix I: Mean (+ SE) abundance (ind.m™) and biomass (g wwt.m?) of Palaemon peringueyi

in the lower, middle and upper reaches of the Kariega Estuary.

Time Abundance Biomass
Lower Middle Upper Lower Middle Upper
reaches reaches reaches reaches reaches reaches
Sep-10 23.3 (£6.6) 21.5(£4.5) 3.8(x1.1) 3.8(x09) 4309 1.6 (£0.5)
Oct-10 7.4 (£1.4) 10.4 (£2.9) 1.0 (£0.4) 1.3(£0.3) 1.3(£0.4) 0.4 (£0.2)
Nov-10 4.6 (+£1.0) 0.6 (£0.3) No data 0.5(02) 02(=0.1) No data
Dec-10 32((x1.2) 0.9 (£0.4) No data 0.5(0.1) 03(=0.1) No data
Jan-11 2.3 (£1.0) 23 1.1) No data 04(x0.5 03(=0.2) No data
Feb-11 2.6 (£1.3) 6.7 (£2.2) No data 0.7 (£0.9) 1.1(£0.3) No data
Mar-11 3.8(+1.3) 0.9 (x04) 0.6 (+0.3) 1.2(£0.5 0.1(*0.1) 02(£0.1)
Apr-11 15.6 (= 4.2) 8.8 (x2.1) 0.7 (£0.3) 3.3(x£0.9) 1.7(£0.5) 0.7(£0.3)
May-11 9.9 (+3.2) 8.8 (£3.1) 1.1 (£0.8) 1.6 (0.5 25(06) 0.1(£0.1)
Jun-11 88 (£27.3) 7.7 (x0.5) No data 44(=14) 0.6(=0.3) No data
Jul-11 11.5(£6.2) 1.4 (£0.7) No data 0.6 (£ 0.3) 0.1 (£0) No data
Aug-11 11.7 (£ 3.9) 1.5(x1.1) No data 44 (£0.5) 1.2 (£0.7) No data
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Appendix II: Results of the regression analysis between abundance of Palaemon peringueyi and

the physico-chemical parameters
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Appendix III: Results of the regression analysis between biomass of Palaemon peringueyi and the
physico-chemical parameters.
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