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Abstract 

Knowledge of the chemical composition of marine macroalgae is important to 

understand their nutritional value for abalone as well as their potential as a 

source of protein, carbohydrate and lipid for commercial use. This study 

investigates the seasonal variations in chemical composition and nutritive value 

of Ecklonia maxima collected from various kelp beds near commercial abalone 

farms on both the west and south west coasts of South Africa. It has been 

suggested by numerous abalone farmers that west coast kelp is not as good as 

the south west coast for abalone feed. 

Measurements of tissue moisture in the kelp samples did not reveal differences 

between location but showed a seasonal pattern in which concentrations 

increased during spring and summer (82 - 91 %) and decreased during autumn 

and winter (75 - 79%). Similarly seasonal variation in averaged carbon content 

reflected the seasonal growth pattern of storage carbohydrates, with a higher 

content in sum-mer and autumn (33 - 37%) and decreasing contents after growth 

started in winter (31 - 33%). Carbon CC?ntent was higher (33.82 ± 0.17) for all the 

months on the south west compared to the west coast (31.17 ± 0.22). 

Concentrations of fibre were also significantly higher on the south west coast 

(41.34 ± 1.21%) compared to the west coast (28.64 ± 1.22%) but these values 

did not show a seasonal pattern. On the contrary, ash, phosphorus, sodium and 

potassium had higher values on the west coast and showed a slight increase in 

concentration during the late-winter spring months. Protein concentrations were 
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not significantly different between the two locations and did not reveal a seasonal 

pattern. Similarly. fat content was low and constant throughout the year. 

Results show nutrient composition alone is insufficient for predicting the 

superiority of Ecklonia maxima growing in one location over the other. Kelp 

growth rate trials as well as abalone feeding trials need to be added to this study 

to provide conclusive answers to the main question posed. 
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CHAPTER 1 

INTRODUCTION 

1.1 The global wild fisheries catch and aquaculture industry 

The world aquaculture industry contributes about 30% to the total commercial 

fisheries production (36 million tons, net value of US $ 52 billion, 1998) (AASA 

2004). Due to the increased demand and consequent decline in supplies from 

wild fisheries there has been a more than 40% increase over the past two 

decades in global aquaculture production (FAO 2004). 

Of the total world wild fish catch, Africa contributes 6% (570 000 tons) while 

South Africa contributes 9% of Africa's contribution amounting to 0.5% of the 

total world catch (AASA 2004). Aquaculture will playa vital role in the future 

supply of fish food as most of the world's fishing areas have reached their 

maximum harvesting potential (Naylor at a/. 2000; Troell et a/. 2003). For 

aquaculture in marine environments (by weight), 44% is seaweed production, 

46% molluscs, 8.7% fin-fish farming and 1 % is from farming crustaceans 

(FAO 2004). ·Africa contributes <1% of the world aquaculture production and 

South Africa is <1% of that (John Bolton 2007. pers. comm.). As the human 

population continues to grow and the demand for seafood continues to 

increase, the need to expand aquaculture production will increase 

accordingly. 
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1.2 The South African abalone industry 

Triggered by a drastic decline in yields from wild fisheries worldwide (from 

50% - 95% over the past 25 years) (Fishtech 2003), a rapid development of 

abalone CUltivation took place in the 1990's and is now widespread in many 

countries including USA, Mexico, South Africa, Australia, New Zealand, 

Japan, China, Taiwan, Ireland, and Iceland (Hahn 1989a, Gordon & Cook 

2001). Over the past decade there has been a marked increase in abalone 

aquaculture production in South Africa. Total production increased from 3000 

tons (worth R51 million) in 1997 to 4030 tons (worth R146 million) in 2000. 

This reflects an increase of 31% in weight and 35% in value from 1997-2000. 

(AASA 2004). 

The large South African abalone, Haliotis midae or "perlemoen" as it is locally 

known, is the only species of abalone commercially exploited locally. It is 

found naturally in the rocky coastal waters from Cape Columbine on the west 

coast to just North of Port St Johns in Transkei on the southeast coast 

(Newman 1965, Muller 1986, Wood 1993). Harvesting of H. midae from 

natural populations is mainly carried out in the South Western Cape. The 

abalone live in the area below the low tide mark to approximately 25m depth, 

but mainly occur at depths of 2-10m and within Ecklonia maxima kelp beds 

(Tarr 1992) Juvenile abalone live in the subtidal zone, usually using small 

rocks and sea urchins as a refuge from predators. (Tarr 1989, SANCOR 

1996, Tarr et al. 1996 & Day 1998). Abalone are among the most highly 

valued seafoods in the world, selling for US$ 20-401kg live weight (Rudd 

1994). The prime demand is in Asian countries where "cocktail-size" abalone 

2 
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and abalone products form part of traditional cuisine and ceremony (Rudd 

1994). There are about 100 species world wide (Hahn 1989a) but only 

approximately 22 species are of economic importance, with respect to 

fisheries and aquaculture (Hahn 1989a). Six species of Haliotis have been 

recorded on the South African coast of whieh only H. midae is harvested 

commercially. 

Since 1986, the South African wild abalone fishery has been regulated by 

minimum legal size of 138 mm shell length (114 mm shell breadth), a 

restricted fishing season and a strict quota system. Despite this, natural 

abalone stocks have steadily depleted resulting in the authorities 

implementing Total Allowable Catches (TAC) in 1997 (Cook 1998) and since 

December 2004 the recreational abalone season has been closed till further 

notice (DEAT 2004). Over-exploitation of wild abalone stocks by poaching and 

high market prices have been the main drivers for its cultivation. Access to 

relatively cheap labour, together with favourable coastal water quality and 

infrastructure has also facilitated the rapid growth of the on-shore abalone 

farming industry (Troell et a/. 2006). 

Today, there are 22 commercial abalone farms in South Africa with an 

estimated investment of R346.5 million, with productions of 527 tons in 2003 

and 750 in 2004 (Robertson-Andersson 2007. pers. comm.) (Fig.1B). 

According to AFASA (Abalone Farmers Association of Southern Africa) the 

expansion of the industry will continue (Bennett 2002). However, the lack of 

suitable coastal land and the dependence on wild harvest of kelp for feed may 

3 
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restrict further development in some areas (Troell at al. 2006). The 

development of nutritionally complete pelleted feeds is seen by a number of 

analysts (Hahn 1989c, Fallu 1991, Britz at al. 1994) as being fundamental for 

the expansion of abalone farming. Dry pelleted artificial feeds are being used 

in Japan, China, Australia, New Zealand and South Africa (Abfeed®). 

Seaweed is not necessarily cheaper than artificial feeds as savings are offset 

by the cost benefits achieved from low feed ratio and a shorter production 

cycle offered by pelleted feeds. Despite costs, the major advantage of 

pelleted feed lies in their reliability and convenience from a farm management 

point of view (Robertson - Andersson 2003). Harvesting and the use of 

natural kelp in abalone farming is dependant on sea conditions. This 

complicates farm management and adds to financial risks. Another advantage 

in favour of artificial feeds is that there is less restriction on the location of the 

farms. Because kelp does not grow naturally in the Eastern Cape, the use of 

pelleted feeds make farming in this area possible (Robertson-Andersson 

2003). 

The conflict between the use of kelp or other seaweeds versus artificial feed 

on an abalone farm is related not only to the price of feed and availability and 

accessibility of fresh seaweed but also to food conversion ratio of the different 

feed (FCR), cost of handling and storage and final quality of abalone and 

culture environment. (Troell at al. 2006). Kelp was estimated at R500 per mt 

cheaper than Abfeed in 2005 but had a higher FCR (between 1:12 and 1:17) 

compared to Abfeed (1:5 - 1:9) (Hahn 1989a & Britz 1996). This means that 

feed would cost between R10 800 - R15 300 to produce a tonne of abalone 
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fed on kelp compared to R7000 - R12 600 to produce a tonne of abalone fed 

on Abfeed. These figures are very similar and because artificial feed is 

simpler to use it seems that there must be benefits gained by feeding with 

kelp. Abalone grow faster on Abfeed until they reach 50mm shell length but 

are weaned to a combination of Abfeed and kelp for two main reasons. Firstly, 

Abfeed causes an increase in sabellid infection as they feed on the more 

nutrient-rich faeces produced; and secondly shell growth rates tend to be 

higher when fed kelp. A new Abfeed based on dried kelp is being tested 

(Abfeed K26) which is claimed to show equivalent or better growth compared 

to fresh kelp in the> 50 mm size classes (P. Britz, pers comm). 

Kelp is relatively low in protein and abalone tend to show good shell growth 

but a low meat weight gain. With Abfeed, meat weight gain is high but shell 

length tends to decline. The low protein K26 Abfeed formulation was 

developed in response to the sabellid problem and to improve growth rates 

(P. Britz, pers comm). Now the "old" high protein Abfeed is used for the young 

juveniles and the low protein pellet is designed to be used for the >50mm size 

classes. 

1.3 The South African kelp industry 

Kelps are large brown seaweeds (Class Phaeophyceae) which belong to the 

Order Laminariales. Kelp beds extend along the rocky coast from Cape 

Agulhas, the southern most point of Africa, up the west coast and into 

Namibia (Stegenga at al. 1997). From Cape Agulhas to Cape Columbine the 

dominant inshore species is Ecklonia maxima (Stegenga at al.1997). 
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Figure 1 Diagram of Ecklonla maxima sporophyte. Harvesting techniques: 1 = primary and 

aUached secondary fronds/blades; 2 = Distal part of the secondary fronds/blades. (Anderson 

The other kelp occurring in·this area is Laminaria pal/ida (Diekmann 1978). It 

seldom reaches the surface in the south west region and forms extensive 

beds in deeper waters. It has a 2m long stipe, no hollow bulb and a digitate 

frond. North of Cape Columbine and in Namibian waters, L. pal/ida develops a 

hollow stipe and gradually replaces E. maxima as the dominant inshore kelp 

(Troell at al. 2006). 

Kelp harvested for abalone feed is either done by cutting the entire head 

(primary frond and attached secondary fronds) or by cutting off the distal parts 

of the secondary fronds from a boat (Fig 1). Ecklonia is presently preferred by 

abalone farmers as it is reported to have a lower food conversion ratio· (dry 

feed fedlwet weight gain), approximately 10 - 15, compared to Laminaria, 

however this is unsubstantiated research (Britz 1995) 
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Harvestable kelp grows on the west coast of South Africa and on the south­

west coast (between the Cape Peninsula and Cape Agulhas) but not on the 

south coast (east of Cape Agulhas). Since the early 1950s, the large 

dominant inshore kelp, Ecklonia maxima has been collected as beach-cast, 

and shipped to Europe, North America and Asia for alginate production 

(Anderson et al. 1989). Until the development of abalone farming, the only 

kelp directly harvested from beds was used as a liquid growth stimulant for 

agricultural crops (Anderson et al. 2003). Consequently, the growing demand 

for kelp by the abalone industry has greatly increased harvesting. In 2003, 

coastal management authorities (Marine and Coastal Management, 

Department of Environmental Affairs and Tourism, Cape Town) estimated that 

a maximum sustainable yield (MSy) of kelp was approached in parts of the 

two main areas of abalone farming; from Quoin Point to Cape Hangklip and in 

the Cape Columbine area (Fig 28). Under the Marine Living Resource Act, 

1998 seaweed resources are managed on an area basis, with 23 monitored 

concession areas between Namibian border and the southern border of 

Kwazulu - Natal (Fig 2A). 
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Figure 2 (AJ Map of South Africa showing the Seaweed Concession areas (Anderson ,,/ 

al. 2003). Areas 1. and 20-23 is where Gelidilim is currently collected from. Kelp is 

collected in areas 5-9, 11-16 and 18-19. No seaweed is collected from areas 2-4, 10, 20, 

22, and 23. Line separate concession areas. B Map showing the distribution of abalone 

farms along the coast of South Africa (Traell et al. 2006:, 

Both the seaweed and abalone industries bring important economic benefits 

10 South Africa. They generate export earnings, boost local and regional 

economies and provide employment among poor coastal cOlllmunities (Troell 

el al. 2006). It the South African abalone illdustry continues to grow 

exponentially (Fig 3), there is a need to identi fy and analyse tile rela tionships, 

from both economic and ecological perspectives, between these two 

industries and to consider effects on South African coastal ecosystems 
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kelp fronds lItilis~d by abalone farming and th~ total amount 01 b~ a ch-c .. st kelp (Tr",,11 

ct a/_ 2006)_ 

Large amounts of inappropriate harvesting from these areas may impact 

negat ively on the kelp ecosystem {Anderson et al. 2003}_ For example the 

recovery of E maxima has been shown to take approximately 25-3 years 

after harvesting the whole sporophyte Harvesting of the E maxima did not 

change the understorey communi ties over the 3-year period (Levitt et al 

2002) or affect juvenile plants over 1 5 years old However, populations of 

three obligate red algal epip hytes that grow on E maxima took at least 2 

years longer to recover than the kelp host itself (Anderson et 8/ 2006 ) 

Therefore, there is a need for conservation man agement not on ly in South 

Africa but a potential shortage of kelp supply has also emerged in other 

abalone farming countries such as USA and in countri es where the Industry is 

anticipated to develop rapidly such as Chil e (McBride 1998) Th us, 

al ternatives to wild kelp as abalone feed need to be made to combat a 
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potential bottleneck effect for increased abalone production in South Africa 

(Fig. 3). 

Abalone, are herbivorous marine gastropods belonging to the genus Haliotis. 

They feed on diatoms and other microalgae as early juveniles, and then 

switch to predominantly macroalgal diet as they grow larger (McShane & 

Smith 1988). The adult abalone eats between 10-30% of its body weight per 

day (Hahn, 1989b). A farm that produces 250 000 abalone per year requires 

0.5-1 tonne of seaweed per week (Fallu 1991), if using an exclusive kelp 

based diet. The development of a suitable diet and the subsequent growth 

rate is an important criterion for success in abalone aquaculture (Capinin 

1996). Owing to the logistic and supply problems associated with the use of 

fresh seaweed, intensive abalone culture is becoming increasingly dependant 

upon formulated artificial feed (Hahn 1989b, Britz et al. 1994) although it is 

important to note that 6000t of kelp were harvested in South Africa in 2006 

(Troell et al. 2003) and thus artificial feed has up to this date not shown any 

signs of reducing kelp harvested for feed. 

1.4 Morphological description of Haliotis 

During planktonic development (Newman 1964 1966 1967 1968, Fallu 1991, 

Branch et al. 1994) the larvae undergo changes from swimming trochophore 

to veliger stage, before metamorphosis and settlement on a firm substrate as 

a post-larval juvenile. At this stage the larva is commonly termed "spat" (Fig 

4). 

10 



Univ
ers

ity
 of

  C
ap

e Tow
n

FREE- U VING 

Figure 4 The life cycle of the South African abalone, Haliotis midae 

(http://www.hikabalonefarm.co.za) 

Adult abalone have a flattened, spiral shell with rows of small holes along the 

right side (Day 1974, Fallu 1991) The holes are largest towards the anterior 

and decrease in size towards the posterior, those at the back being almost 

blocked (Fig. 4) . The holes assist in both respiration and removal of waste; 

sea water enters the gill cavity anteriorly, passes over the gills. oxygen is 

taken up, waste gases are given off and the exhaled sea water exits through 

the holes. During growth periods, new holes are created and old ones are 

filled with aragonite. The shell covers the large muscular foot, which is used 

for both locomotion and gripping firmly onto a firm substrate. The part of the 

foot that is not completely covered by the shell is protected by a tough outer 

skin. The edge of the foot has sensory tentacles that detect predators and 

food items. The gut is coiled in a space between the stalk of the foot and the 

rim of the shell (Fallu 1991). A thin layer of skin grows out of the stalk and 
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adheres to the surfaces of the shell, sealing off the mantle cavity and gut from 

the external environment. 

1.5 Abalone diet and nutritional requirements 

Abalone need food for two main purposes, to provide energy and to provide 

the basic material for growth. If the requirements for these two purposes are 

not met the abalone will grow very slowly, if at all. The cheaper kind of food to 

provide energy is carbohydrates but fats and protein do the same at a greater 

expense (Fallu 1991). For the present study, fibre was measured, which is 

made up of a number of complex substances which are all types of 

carbohydrates. For tissue growth, abalone require specific chemical building 

blocks such as amino acids (the components of protein) and polyunsaturated 

fatty acids (Fallu 1991). 

The development of artificial feed (Abfeed® which has fishmeal as the primary 

protein source) for abalone has resulted in many of the South African west 

coast farms feeding a mixture of kelp and artificial feed (Bennett 2002). The 

drawback of artificial feed is that it gives the meat and shell of the abalone an 

undesirable light colour thus considerably reducing its market value. A mixed 

algal diet however, results in a red to brown coloured meat, which is ideal for 

the export market. 

Nutritionists have a theory that if a supplemented diet contains similar 

chemical components to the animal that feeds on it, then the diet should be 

correct. H. midae is, to a certain extent, similar in chemical composition to its 

12 
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natural kelp diet of Ecklonia maxima, containing very low levels of fat (1.1 %), 

high levels of reserve carbohydrates (37%), and relatively low levels of protein 

11.05) (Knauer et al. 1994b). 

Unlike most vertebrates which store energy in the form of lipids, abalone store 

energy in the form of glycogen. (Webber 1970 & Goudsmit 1972). This is 

represented by the high carbohydrate/low fat composition of the H. midae 

tissue and shows that the energy metabolism of abalone is carbohydrate 

based (Britz 1995). Britz & Hecht (1997) found maximum growth rates in H. 

midae at dietary carbohydrate levels of 33-58%. 

Although the natural diet of abalone has a high moisture content (68-83%) 

(Hahn 1989b, Robertson-Andersson 2003) and relatively low nutrient levels 

studies with formulated dry feeds have shown that abalone can efficiently 

digest highly concentrated protein and carbohydrates, but that their ability to 

utilise high levels of fat is limited (Uki & Watanabe 1992, Britz et al. 1994, Mai 

et al. 1995) It has been reported that macroalgal diets containing 3-5% lipid 

promotes a high growth rate for abalone (Mercer et al. 1993) 

Abalone require a balanced diet of lipid and essential and non-essential 

amino acids (Mai et al. 1995). Protein is one of the essential components in 

the diet and although seaweeds consumed by abalone generally contain less 

than 20% (Nisizawa et al. 1987), they have been shown capable of digesting 

high levels of dietary protein (20-50%) in concentrated form (Knauer et al. 

1996, Uki et al. 1986, Taylor 1992, Viana et al. 1993, Mai et al. 1995). Casein, 

13 
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in particular, is said to be the most suitable protein for artificial diets when 

compared to various other proteins such as soya bean meal, rye grass 

concentrate, egg albumin, whole egg and fish meal. (Uki et al. 1985). Britz 

(1996) suggested that a dietary protein level higher than 20-30% might be 

required to achieve maximum abalone growth rate. Previous studies have 

also shown that a 30-40% protein level in the abalone diet is suitable for both 

small and large size classes (Hahn 1989b, Mai et al. 1995, Britz & Hecht 

1997). 

It was suggested that all abalone have similar requirements which are 

normally obtained from their food and absorbed from the surrounding 

seawater (Fallu 1991). Additionally, Uki et al. (1985) confirmed that dietary 

mineral supplementation does improve growth rates of captive Haliotis discus 

hannai. 

In South Africa fresh seaweeds are being used as an alternative to expensive 

formulated feed. These include brown algae (kelp), Ecklonia and Laminaria, 

green algae, Ulva and red algae, Graci/aria. Kelp is used as the primary feed 

for abalone because of its abundance in the south west and west coast of 

South Africa, however previous research on natural diets of the South African 

Haliotis midae showed that abalone feed on a variety of algae with at least 

two species found in the gut at any time (Barkai & Griffiths 1986). It would 

appear that supplementation with other algae and/or artificial feed may be 

necessary in order to obtain growth rates fast enough to justify intensive 

shore-based farming of Haliotis midae. Results from Naidoo et a/. (2006) 

14 
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showed that abalone grew well (0.056g day-1 body weight) on all fresh 

seaweed combinations, but grew best on a mixed diet of kelp plus other 

seaweed (0.074g day-1 body weight). An exclusively Abfeed ® diet only grew 

abalone at 0.046g/day body weight. 

1.6 Morphology and seasonal growth patterns of kelps 

Kelp forests grow predominantly in cool, nutrient-rich waters and are among 

the most biologically productive habitats in the marine environment. They are 

found in shallow coastal waters, and the larger forests are restricted to areas 

of monthly mean seawater temperatures less than 20°C. They also extend 

into the tropics where the water is cool enough e.g. Namibia. A dependence 

upon light for photosynthesis restricts them to clear shallow water and in 

South Africa kelp rarely grows in waters deeper than 15m (Fallu 1991). 

However, kelps have been known to grow in depths of more than 100m in 

very clear waters such as in parts of the Mediterranean Sea (LOning 1993). 

Not only do they provide various services to the ecosystem such as shelter, 

shade and a substratum for attachment of shellfish for example, but kelp 

forests are also a major food source for grazers and filter feeders (Fallu 

1991). Kelp can be the single largest source of fixed carbon in these habitats. 

Furthermore, a significant part of the energy fixed by kelp through 

photosynthesis enters the ecosystem as dissolved organic matter, via bacteria 

pathways. Kelps are more than primary producers in these systems; they 

effectively govern the structure and diversity of the food-web (Graham 2004, 

Sjetun et al. 1995). 

15 
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Kelp's life histories have heteromorphic alternation of generations, comprising 

2 free-living life phases, a macroscopic sporophyte generation and a 

microscopic gametophyte generation (Schiel & Foster 2006). The sporophytes 

are typically structured into a holdfast, stipe and one or more fronds (Fig. 5). 

Kelp grows by intercalary meristems that are mainly active at the base of the 

fronds. 

It has a hollow stipe up to 9m-long, with a gas-filled bulb at the top, above 

which the smooth elongated strap-like fronds are suspended near the water 

surface (Fig 1). The inshore specimens have shorter stipes while the deeper 

water specimens are longer and more flexible. The conical-shaped holdfast 

has many entwined branched haptera and can be up to 40cm in diameter. 

Several seaweeds have been identified to exhibit distinctive growth and 

reproductive cycles, which are believed to be correlated with seasonal 

fluctuations in light intensity, photoperiod, temperature and nutrients, i.e. the 

primary ecological factors (LUning & Dieck 1989) as well as an endogenous 

circannual clock. Dieckmann (1980) measured the growth of South African 

Laminaria pallida fronds and stipes and found that the lowest growth rates 

were recorded in winter (1mm day"1) and highest in summer (13mm day"1). 

The growth pattern of Ecklonia maxima has not been researched and 

published, however it assumed that it is likely to be comparable to other 

temperate kelp species which have been investigated in detail. For example 

many kelp species start new growth during the winter months and stop or 

reduce growth during the summer months as demonstrated by the cold-

16 
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temperate kelp L. hyperborea (Sjetun et a/. 1995). This European species 

sheds the old blade in May while new growth of the blade starts in December 

and stops in June or July. (Kain 1963 1979, LUning 1979). In winter, when 

growth starts, nutrient content of seawater is high whereas temperature, light 

intensity and day length is low. In summer the reverse occurs when growth 

stops or slows down. 

It is also advantageous to start growth from stored carbon in early winter, well 

ahead of the spring phytoplankton bloom. This is because there is a wealth of 

nutrients in the seawater after the autumn storms have resulted in 

remineralisation of plankton (LUning, 1993). During summer when the light 

intensity and day lengths are high seaweeds reduce growth, even if sufficient 

nutrients are available, and they distribute the assimilated carbon to reserve 

materials in order start growing again during the low light in winter. Research 

by LUning (1993) showed that seasonal growth cycle of L. hyperborea is 

controlled by an endogenous circannual clock, with day length as a 

synchronizer. 

Red seaweeds are high in nutritional quality and tend to be the preferred food 

of wild abalone. They have a relatively high protein content when compared 

with other macroalgae (Fallu 1991). The red alga Palmaria palmata, which 

grows along both sides of the North Atlantic Ocean, from the Arctic to cold­

temperate regions (LUning 1990) is used in coastal areas of Northern Europe 

and North America. A study conducted by Galland-I rmouli , (1999) in France 

showed that Palmaria palmata was significantly different in protein content 
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according to season. The highest protein content (21.9 ± 3.5%) was found in 

the winter-spring period and the lowest (11.9 ± 2.0%) in the summer-early 

autumn period. Buchal at al. (1998). reported that Palmaria mol/is (Dulse), 

used as a settlement substrate and food for red abalone (Haliotis rufescens). 

was found to be superior to kelp (Nareocystis luetkeana) in conditioning 

broodstock. resulting in eggs of higher dry weight. lipid and protein content. 

1.7 Hydrology of the study areas 

The western coast of South Africa is characterised by a temperate climate. 

During spring and summer strong south-easterly winds are frequent. causing 

localised upwelling. Together with high light intensities. these conditions are 

optimal for plankton growth (Andrews & Hutchings 1980). During winter. 

northerly winds are frequent and are often accompanied by large swells and 

rain. Most of the Western Cape coast is directly exposed to the pounding of 

these large westerly swells (Dieckmann 1978) 

The west coast has lower annual mean sea water temperatures (12 - 16°C) 

than the south west coast (17 - 19°C). a result of strong southeasterly winds 

generating a semi-permanent upwelling system in which cold nutrient-rich 

water is brought to the surface in summer. This is then followed by periods of 

downwelling. ultimately affecting the export and import of organic material and 

nutrients in the water column surrounding the kelp beds. In winter. the 

occurrence of upwelling is reduced if not entirely absent (Dieckmann 1980) 

which is accompanied by a drop in nutrients. The higher nutrient 

concentrations during summer may reduce the late spring decline in growth 
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rates shown by kelps elsewhere. No seasonal growth rate figures are 

available for Ecklonia maxima in the literature but evidence for different kelp 

species around the world show similar annual patterns, including the other 

major South African west coast kelp Laminaria pal/ida (Diekmann 1978, 

1980). 

Seasonal patterns have been shown in the nitrogenous uptake rates in which 

tissue nitrogen increased during upwelling events (Probyn & McQuid 1985). 

Spore production also varies seasonally with low values in late summer and 

winter, and high values in spring/early autumn. (Joska & Bolton 1987). 

Seasonal variations in ash, alginic acid (a naturally occurring hydrophilic 

colloidal polysaccharide) and mannitol (a carbohydrate in tissues that are 

increasing by cell division) of Ecklonia maxima fronds were demonstrated in a 

study by Von Holdt et a/. (1955). Mineral ash values reached a maximum in 

mid-winter (June), fell to minimum on either side of the month and then rose 

again towards the summer. The alginic acid curves rose from a minimum in 

winter to a maximum in summer and in this respect were the converse of 

those for ash. Mannitol values tended to be higher in winter than in summer 

(Von Holdt at a/. 1955). 

1.8 Aims and objectives of the present study. 

In addition to the stUdies discussed above research has also been carried out 

on the ecology (Velimirov at a/. 1977, Field at a/. 1980), productivity (Mann at 

a/. 1979, Newell at a/. 1980, Jarman & Carter 1981), commercial harvesting 

(Simons & Jarman 1980) and environmental tolerances of the gametophytes 
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of the .Ecklonia maxima species (Branch et a/. 1974, Bolton & Levitt 1985). 

However little or no research has been done on the seasonal variations in 

chemical composition. Even though the food conversion ratio (kelp wet 

weight/abalone weight gain) for abalone feeding on Ecklonia maxima is not 

scientifically substantiated data, the south west coast has been reported by 

abalone farmers, to be (1:12-15) lower than the west coast (1:15-19) (pers. 

comm. Deborah Robertson-Andersson 2007). Consequently, the south west 

coast abalone farmers (Irvin and Johnson, Avuca and HIK) claim that kelp 

growing in this area is superior for abalone feed than the kelp growing along 

the west coast (Jacobs Bay Sea Products) as less kelp is needed. The aim of 

this study was to investigate and compare the nutritional constituents and 

seasonal differences between Ecklonia maxima collected from the south west 

and west coasts of South Africa. 

CHAPTER 2 

MATERIALS AND METHODS~ 

2.1 Sampling and the determination of moisture content 

From the 5th April 2004 to the 20th June 2005 replicate samples of kelp, 

Ecklonia maxima, were collected once every two weeks or once every month 

depending on weather and ocean conditions. These samples were collected 

by the farm workers and not by the author, therefore there tends to be a 

reduction in the number of samples over the summer holiday period, when 

farms are short-staffed (December-January). The samples were commercially 

collected and consequently there are variable numbers of samples in different 

months in different locations (Appendix 1). Inconsistent kelp harvesting has 
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caused a variation in sample number per month for each location, however for 

nutritional concentrations there were on average 7 samples per month for the 

south west coast and an average of 4 samples per month for the west coast 

except were months have missing values completely (i.e. February, May and 

December for the west coat and September for the south west coast). For 

moisture content an average 16 samples for the south west and 7 samples for 

the west were collected per month. 

This, for the purpose of analysing seasonal variation in the data, the data is 

presented as calendar months, and therefore April, May and June have 

combined data from both years. In 15 months a total of 80 samples were 

collected from JSP (Jacobsbaai Sea Products Abalone farm) on the west 

coast and 199 from HIK (Haw, Ingels & Krohn), AVA (Avuca Abalone farm) 

and I&J (Irvin & Johnson) on the south west coast (Fig 5). Replicate samples 

were averaged for each month, separated by location and graphically 

represented in Excel with standard error 

For moisture content an average 13 samples for the south west and 5 

samples for the west were coll~ed per month. After harvesting, by cutting 

the fronds only, the kelp was then transported by boat to the various farms at 

the shore where it was washed, weighed into 500g or 1 kg portions, packed 

into labelled bags and frozen. The reason for the separation of sites was to 

ensure that we received different samples from farms and who had different 

kelp contractors. 
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Each sample was then transported to The University of Cape Town or Marine 

and Coastal Management where they were defrosted and washed in distilled 

deionised water, reweighed and placed in a drying oven for 70 hours at 70"C 

During the freeze-thaw process there is an unknown am ount of water which 

leaks out however: this insignificant amount should not drastir.ally r.hange the 

seasonal pattern which is being calculated, Following this the dry samples 

were weighed again and ground in a 3 stage process to a particular diameter 

of less than lmm_ The moisture content was determined using the following 

equation-

%MOISTURE = 

NAMIBLIo, 

I 

1 a' 

(Wet - Dry) x 100 
Wet 

SOUl H AfRICA 

". 

'k!rrm. 
C~l'r 

• 

Figure 5_ Map showing location of kelp samples used in this study. JSP = Jacobsbaai Sea Products AVA = 

Avuca Abalone, HIK = Haw. In(lels!. Krohn. I&J" Irvine &Johnson 

22 Carbon and Nitrogen determination 

Tissue nitrogen and carbon concentrations were analysed by the author using 

an elemental analyser (L ECO CHNS-932) at the University of StOCkholm The 
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instrument uses infrared detection to determine the weight percentage of the 

carbon and nitrogen An average of 6 samples per month for the south west 

coast and an average of 3 samples per month for the west coast were, 

weighed (2.6mg), numbered, recorded and placed in the elemental analyser . . 
The samples were heated in a 950°C oxygen-rich environment. The carbon 

dioxide was measured and then removed and nitrogen was measured by 

thermal conductivity. The carbon dioxide was measured and then removed 

and nitrogen was measured by thermal conductivity. A standard was run after 

every 12th sample and a blank after every 6th sample The results were 

calibrated using a standard (EDTA, acetanilid) and a blank (Watkins et al. 

1987). The carbon-nitrogen ratio (C:N) was calculated to show whether the 

kelp was storing nitrogen (low C:N value) or if growth was nitrogen limited 

(high C:N value) (Sj0tun et al. 1995, Hanisak 1983). 

2.3 Mineral Composition 

Protein, fibre, fat, ash, calcium, sodium, magnesium, potaSSium, phosphorus, 

zinc, copper, manganese, lead and iron were analysed by a commercial feed 

analysis company. An average of 6 samples per month for the south west 

coast and an average of 3 samples per month for the west coast were sent to 

the Cedara Feed Laboratory in Pietermaritzburg, South Africa, for commercial 

feed analysis. The resultant graphs state whether the data was analysed by 

the author i.e. in Stockholm or if it was commercial feed laboratory data. The 

determination of crude protein was based on the Kjeldahl digestion method 

and test for nitrogen content (Bradstreet 1984). This gives an indication of the 

amount of protein present by multiplying nitrogen by a constant of 6.25. The 
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kelp samples were digested by heating with concentrated H2S04 using a 

catalyst and a temperature elevator to convert all nitrogen to ammonia. The 

ammonia was removed by Gerhardt distillation and end point titration to 

determine the amount of Nitrogen present (Watkins at 81. 1987). Fibre (ADF) 

was determined using an acid detergent solution (amylase and sulphite) on a 

digested distillate (Van Snoest at 81. 1991), fat was determined by filtering the 

dried kelp samples through a Soxhlet distillation system with petroleum ether 

and ash was measured by heating samples in a muffle furnace set at 600°C 

for 5 hours. 

Mineral analysis on the feed samples for the trace elements; Ca, Na, Mg, K, 

Zn, Cu, Mn, Fe, P and Pb involves a process whereby samples are digested, 

diluted and then analysed on an Atomic Absorption Spectrophotometer and 

UV-VIS spectrophotometer . 

. 2.4 Statistical analysis 

Each nutrient concentration was treated statistically by a two-way analysis of 

variance (ANOVA) for assessing main effects of two variables (seasonality 

and location) and their interaction. Comparisons after ANOVA were made 

using the post hoc Tukey test to individualise speCific differences. (AN OVA; 

Zar 1999) Prior to the statistical analysis equality of variance and normality 

were checked using the Levene's and Kolmogorov Smimov test respectively. 

When the assumption of homogeneity of co-variance was not fulfilled, a non­

parametric Kruskal Wallis ANOVA test was applied. Each variable is 

presented as a mean (with a standard error bar) for either the entire data set, 
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showing difference between location, or means of samples in each month, 

showing a seasonal pattern. Hierarchical cluster analysis (Euclidean distance, 

complete linkage) was used to identify natural groupings in the data. A 

significance test for each cluster group was then performed using one-way 

AN OVA to analyze designs with a single categorical independent variable. 
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CHAPTER 3 

RESULTS 

The average differences for all samples in moisture content (percentage wet 

weight) and nutritional concentrations (percentage dry weight) of Ecklonia 

maxima between the south west and west coast of South Africa is shown in 

Table 1. For all p-values less than 0.05 the Null Hypothesis of equal variances 

is rejected and the alternative hypothesis that variances are significantly 

different is accepted. 

Table 1 Averages and standard errors for all samples showing moisture content 

(percentage wet weight) and nutritional concentration. (percentage dry weight) and 

minerai content (percentage of ppt). A two way AN OVA or a non-parametric Kruskal 

Wallis ANOVA was applied to test significant differences M In location (west coast or 

south west coast) and month (seasonality). 

Sig.ln Slg.ln 
SouthWest West location month 

Percentage 
wet weight Moisture content 79.39:1:0.75 81.95:1: 0.877.74 * 

Carbon 33.82:1: 0.17 31.17:1: 0.22 * * 

Nitrogen 1.77:1: 0.015 1.70:1: 0.022 

Crude protein 11.00:1: 0.17 11.13:1: 0.17 * 

Fat 1.16:1: 0.09 1.01:1: 0.06 , 
Ash 19.41:1: 0.29 22.70:1: 0.56 * * 

Flbre(ADF) 41.34:1: 1.21 28.64:1: 1.22 * 

Calcium 1.17:1: 0.02 1.12:1: 0.02 * * 
Percentage 

Phosphorus 0.23:1: 0.005 0.3:1: 0.006 * dry weight 
Magnesium 1.46:1: 0.14 0.89:1: 0.011 * * 

Sodium 2.70:1: 0.06 3.08:1: 0.07 * * 

Potassium 2.95:1: 0.67 3.94:1: 0.12 * * 
Copper (ppt) 0.0003 :I: 2.01 E-G5 0.0002 :I: 2.75E-05 * 

Zinc (ppt) 0.0014 :I: 6.59E-05 0.0016 :I: 0.0001 * 

Manganese (ppt) 0.0006 :I: 5.11 E-G5 0.0004 :I: 4.82E-G5 * * 

Iron (ppt) 0.01021 :I: 0.001 0.006 :I: 0.0006 * 
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There were no significant differences in tisSLJ€ moisture content (Kruskal 

Wallis ANOYA H" 3.07," P > 0,05) between the south west and west coast 

(Table 1), however, moisture content differed significantly from month to 

month (Kruskal Wallis ANOYA, H" 104,12, P < 0.05) The monthly average 

moisture content at both locations was at its lowest during autumn and winter 

from April to August (Fig 6). The moisture content rose during spring and 

summer. and reached a maximum in March (Fig 7). 
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Month 

• South 'Nest Cl West 

Figure 6 Av erage moisture content ('I. wet weigl1t) (analysed by 1I1e aUIhor) for Ihe 

south wesl and west coast from a 15 montl1 period (5" April 2004 to the 20'" June 2005) 

whicl1 has been combined into a year. Error bar>; sl10w standard error. 
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Figure 7 Total average moisture content for both 10caHons ('1. wet weight) (analysed by 

the author) showing seasonal variation from ~ 15 month period (5'h April 2004 to the 

20'1> June 2005) which has been combined into a year. Error bars show standard error. 

Carborl concentrations were sigllificalltly different (Kruskal-Wallis ANOVA H 

'" 5529. P " 005) between locations witll higher average values Orl the soutll 

west coast compared to the west coast (Table 1) For every mOllth carbon 

cOrlCentratiorls were on average higher 011 the south west coast than on the 

west coast (Fig 8) Carbon also differed sigllificantly (Kruskal Wallis H = 

44.26. P" 0.05) among months (Table 1) implyill9 a seasonal variation Irl 

concerltration The south west coast vailies were high durillg summer 

(December - March) arK! lower for the rest of tile year (Fig 9) but winter 

(June-July) had higher values on the west coast 
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Figure 8 Average carbon content (% dry weight) (analysed by the author) for the south 

west and west coast from a IS month period (S'h April 2004 to the 20'" June 200S) which 

has been combined into a year. Error bars show standard error. 
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Figure 9 Total average carbon content for both locations (0/0 dry weight) (analysed by 

the author) showing seasonal variation from a IS month period (S" April 2004 to the 

20" June 2005) which has been combined into a year. Error bars show standard error. 
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Fibre differed significantly (ANOVA, df" 10. F" 3171 p< 005) between 

location wi th much higher average values for the south west coast compared 

to the west coast (Table 1) Analogous to the carbon trends (Fig 8), fibre 

concentrations were also equal or higher for every month on the south west 

coast (Fig 10) Concentrations were not significantly different (ANOVA, df" 

11, F = 1,071, p>Q,Q5) among the months (Table 1) and did not reveal a 

seasonal pattem (Fig 11) 

" 
~ 

~ 

" ~ • , 
" c , " , " • , w' 
, , 

~" ,," ~ 
,,0 ,o' +' ~0 ,<Of' 

Figure 10, Average fibre cont~ nt ('/0 dry weight) (commercial feed laboratory data) for 

the south wes t and west coast from a 15 month period (5'" April 2004 to the 20' June 

2005) which has been combined into a year. Error bars show standard error. 
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Figure 11. Total average fibre content for both locatiotls 1% dl)' weight) (commercial 

lecd laboratory data) showing seasonal variation from a 15 month period (S'h April 2004 

to the 20'" June 2005) which has been combined into a year. Error bars show standard 

error. 

Results showed thaI the proteill cOllcentrations on the west coast were !lot 

significantly different (AN OVA, df = 11, F " 5.64, P ;:. D.05) to those on the 

south west coast (Table 1). In contrast protein concentrations tended to vary 

througilOut tile year with sigllificant differences amollQ mOllths (AN OVA. df = 

11. F = 1.07, P < 005) However. these results did not reveal a seasonal 

pattern as December and April in particular were significalltly lower (Tllkey 

test, p <;005) thall the other mOllths, which all remailled relatively constallt 

(Fig 14) 

Ni trogell did not differ significililtly among month (ANOVA, df" 11, F " 1_75, P 

,. 0.05) or locatioll (AN OVA, df = 1, F" 3,21 p" 0.05) (Table 11 The nitrogell 
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results were similar to the commercially-determined protein (Fig. 14) in that 

concentrations also remained relatively constant throughout the year. 
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Figure 12 Average protein content (-A, dry weight) (commercial feed laboratory data) lor 

the south west and west coast from a 15 month period (5'" April 2004 to the 20th June 

2005) which has been combined into a year. Error bars show standard error. 
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Figure 13.Average nitrogen content (% dry weight) (analysed by the author) for th e 

south west and west coast from a 15 month period (5'" April 2004 to the 20" June 200~) 

which has been combined into a year. Error bars show standard e,.o,_(,,"278) 
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Figure 14. Total average protein for both locations (commercial feed laboratory data) 

and nitrogen content (anaIY$ed by the author) $howing $e3$onal variation from a 15 

month period (5'" April 2004 to the 20'" June 2005) which has been combined into 3 

year. Error bms show standard error 
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Til'; carboolnitrogell ratio was sigllificalltly different (Kruskal-Wallis H = 7,56, 

p< 0,05) betweell the two locatiolls with higher values fOlllld 011 ti18 south 

west coast compared to the west coast (Fig 15). There were 110 significant 

differences between the months (Kruskal-Wallis H = 17 12 po> 005) alld the 

values remaliled relatively constant throughout the year There tellds to be a 

slight seasonal patterll ill the C:N ratio which is caused by the seasonal 

pattern of carbon, Concentrations tend to illCrease during summer (December 

- March) For the rest of the year the ratio is fairly constant which is caused 

by the lack of seasooal variatiarl in nitrogen (Fig 16) 
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Figure 15 ,Average C/N content (,1. dry weightl (anatysed by the author) for the south 

west and west coast from a 15 monUl period (5'1> April 2004 to the 20" June 2005) wtlictl 

has been combined into a year, Error b~rs show standard errOr. (n=273) 
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Figure 16 Total average carbon and nitrogen content for both locations (% dry weight) 

(both analysed by the author) showing seasonal variation from a 15 month period (5'" 

April 21){)4 to the 20'h June 2005) which has been combined into a year. Error bars show 

the standard error. 

The south west coast Showed a higher average fat content compared to the 

west coast (Table 1) Statistically. there were no significant differences among 

month (Kruskal-Wallis H '" 17.56, p> 0,05) and between locations (Kruskal-

Wallis H '" 0.15, p> 0.05), therefore no seasonal patterns were revealed and 

values were fairly constan t throughout the year (Fig. 18) There was only one 

measurement taken in July on the south west coast which can be ruled out as 

an out layer 
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Figure 11. Average fat content (% dry weight) (commer<:ial feed laboratory data) for the 

south west and west coast from a t5 month period (5th April 2004 to the 20th June 2005) 

which has been combined into a year. Error bars show standard error (n .. 2711) 
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Figure 18. Total average fat content for both locations (% dry weight) (commer<:ial feed 

laboratory data) over a 15 month period (5'" April 2004 to the 20th June 2005) which has 

been combined into a year. Error bars show the standard errOr. 
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The ash content differed significantly for both location (Kruskal-Wallis 

ANOVA H" 2448, P < 0_05) and month (Kruskal-Wallis ANOVA, H" 27 15, 

p < 005) The average for all the samples was hig her on the west coast 

compared to the south west coast (Table 1)_ Contrary to the fibre and carbon 

data. ash concentrations were higher for all the months on the west coast 

compared to the south west coast (Fig 19) There tended to be a seasonal 

pattern with a distinct Increase In concentration during the late-winter spring 

months, particularly on the west coast, reaching a maximum in September 

Concentrations tended to be lower for the rest of the year (Fig 20) 
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figure 19 Average ash content ("/, dry weight) (commercial feed laboratory data) for 

", to 
the south west and west coast from a 15 month period (5" April 2004 to the 20 June 

20051 which has been combined into a year. Error bars show standard error. 
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Figure 20. Totol average ash content for both Iocatjons ("I. dry weight) (commercial 

feed laboratory data) showing seasonal variation from a 15 month period (5th April 2004 

to the 20 th June 2005) which h~s been combined into a year. Error bar5 show the 

standard error. 

COl1centrations of phosphorus were significantly different between location 

(AN OVA, df" 1, F" 66 518. p < 005). higher average values for the west 

coast compared to 011 the south west coast (Table 1). Similar to the ash data, 

phosphorus concentrati ons were higher for all the months 011 the west coast 

compared to the south west coast (Fig 21). Even though phosphorus did not 

differ sigrrificantly with month (ANOVA df = 11 F = 1819 p> 005), 

concentrations tended to decrease during summer rea ching a minimum 111 

December (Fig 22) For the rest of the year concentrations remained relatively 

constant 
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Figure 21. Average phosphorus content (% dry weightl (commercial feed laboratory 

data) for the south west and west coast from a 15 month period (5'" April 2004 to the 

20'" June 2005) which has been combined into a year. Error bars show standard error. 
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Figure 22 Total average phosphorus content for both locations ('\t. dry weightl 

(commercial feed laboratory data) Over a 15 month period (5'" April 2004 to the 20'" 

June 20051 which has been combined into a year. Error bars show standard errOr. 
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Calcium was significantly different for both month (ANOVA, df " 11, F " 

0.0668, P < 0,05) and location (ANOVA, df" 1 F" 6.481. P < 005) with in 

contrast to the ash data, higher average values for the south west coast than 

for the west coast (Table 1) Concentrations did not appear to show a 

seasonal pattern but values tended to drop during autumn reaching a 

minimum in April. The rest of the year remained relati vely constant (Fig. 24) 
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Figure 23. A~erage calcium content (% dry weight) (commercial feed laboratory data) 

for the south west and west co~st from ~ 15 month period (5'" April 2004 to the 20'" 

June 2005) which has been combined into a year. Error bars show standMd error 
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Figure 24. Tot~1 average c~lcium content for both locations (0/, dry weight) (commercial 

feed laboratory data) for a 15 month period (5'" April 2004 to the 20th June 2005) which 

~as been combined into a year. Error bars show standard errOr 

Magnesium was signi ficarlt ly different for both mOrlth (Krllskal-W allis ANOVA, 

H " 29489, P « 0.05) and location (Kruskal-Wallis A NOVA H = 398, P « 

005) with higher ave rage values for the south west coast tilan for the west 

coast (Table 1). Concerltrations remairled constarlt throughout spring and 

summer but increased during auiumrl and winter reaching a maximum in 

August (Fig 26) 
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Figure 25. Average magnesium content (% dry weight) (commercial feed laboratory 

data) for the south west and west coast from a 15 month period (5'" April 2004 to the 

20'" June 2005) which has been combined into a year. Error bars show standard error. 
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Figure 26. Total average magnesium content for both locations (0;. dry weight) 

(commercial feed laboratory data) from a 15 month period (5th April 2004 to the 20" 

June 2005) which has been combined into a year. Error bars show standard error. 
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Sooium was significantly different for both month (Kruskal-Wallis ANOVA, H = 

35.38, P < 005) and location (Kruskal-Wallis ANOVA, H = 12.79, P < 0.05) 

with higher average values for the west coast than for the south west coast 

(Table 1) S;milar to Ihe ash arid phosphorus concentration the sodium 

concentration on the west coast had, on average a higher value for all the 

mOrlths (Fig 27). Concentrations tended to be lower in spring and summer 

reachirlg a minimum in February, 1Nhereas during autumn and winter the 

COrlcentrations tended to rise reaching a maximum in September (Fig 28) 
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figure 21. Av~ rag ~ sodium content (% dry weight) (com"",rcial feed laboratory data) 

for tile south west and west wast from a 15 montil period (5'1> April 2004 to the 20" 

June 2005) which has been combined into ~ yea r. Error bars show standard ~ rrOr, 
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Figure 28. Total average sodium content for both locations (% dry weight) (commercial 

feed laboratory datal from a 15 month !X'riod (5" April 2004 to the 20'" June 20051 

which has been combined into a year. Error bars show standard error. 

The potassiulll concentrations were significantly different for both month 

(Kruskal-Wallis ANOVA, H " 21.99, P < 0 05) and location (Kruskal-Wallis 

ANOVA, H = 40.35, P < 0,05) with higher average values for the west coast 

than for the south west coast (Table I). Analogous to the ash. sodium and 

phosphorus results. the west coast had higher average values for all the 

months (Fig 29). The concentrations tended 10 be quite variable throughout 

the year hoviever, there did seem to be a decrease during summer and 

autumn and an increase during late winter and spring (Fig 30) 
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Figure 29. Average potassium content ('I. dry weight) (commercial feed laboratory 

data) for the south west and west coast from a 15 month period (5" April 2004 to the 

20" June 2005) which has been combined into a year. Error bars show standard error. 
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Figure 30. Total average potassium content for both locations (% dry weight) 

(commercial feed laboratory data) from a 15 month period (5"' April 2004 to the 20'" 

June 2005) which has been combined into a year. Error bars show standard error. 
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Copper, Zinc, manganese and Iron were summed and averaged and 

presented as a total trace metal concentration. These values were low and did 

not show significant differences among months and between locations, 

however, there does appear to be higher values for the SOUlil west coast 

compared to the west coast (Fig 31) The concentrations appeared to be 

variable throughout the year suggesting that seasonal patterns can not be 

identified from these results (Fig 32) 
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Figu,e 31 Average trace metal content (0/, dry wl>ight) (comml>rcial feed laboratory 

datal for the south west and west coast from a 15 month period (5'" April 2004 to the 

20'" June 2005) which has been combined into a year. Error bars show standard errOr. 
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Figure 32. Total average trace metal content for both locations ('Y. dry weight) 

(commercial fced laboratory datal from a 15 month period (5" April 2004 to the 20'" 

Jun" 2005) which has been combined into a year. Error bars show standard error. 

The cluster analysis of the nutrient composition from both locations (Fig 33) 

Indicated three rnain groups, namely Group I, II, and III. Group I was 

comprised of 41% of South West kelp (58% West coast kelp) group II 

included 73% South West kelp (26% West Coast kelp) and group III consisted 

of only South West kelp. A (one-way ANOVA) test revealed that group III was 

significarllly different to group I and II in phosphorus, magnesium, copper arid 

iron concentrations Group II was significantly different to groLlp I and III in 

protein and fibre concentrations al1d group I was sigllificalltly different to 

Group II and III in potassium and calcium cOllcentration The rest of the 

IlLltrient concentrations were IlOt sigllificalltly different between each group 

The groups did not appear to be clustered in groups of seasonal variat ion_ 
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Figure 33. Hierarchical cluster analys" (complete linkage, Euclidean distance measure) of the 

nutritional composition of Ecldonla maxima from the west and south weat coast of South Africa, 48 

collected from the 5th April 2004 to the 20th June 2005. 
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CHATER4 

DISCUSSION 

4.1 Environmental triggers in kelp seasonality 

Biological and environmental factors that influence the growth and chemical 

composition (nutrient uptake) in Ecklonia maxima are temperature, light, 

photoperiod, salinity, turbidity, nutrient and carbon supply, pH, grazer density 

and epiphyte density (Duke at al. 1986, Duke at al. 1989, Friedlander at al. 

1991, Luning 1990). It is also likely that seasonal growth and phenology 

patterns may be controlled by an endogenous circannual clock as has been 

demonstrated, for example, in the Pacific kelp pterygophora califomica 

(Luning, 1993). These factors operate together affecting growth rate, 

physiological processes, chemical composition (Luning, 1993) and, 

presumably, overall feed quality of the Eck/onia maxima species. As a result, 

if one factor changes then this could alter one or more of the others (Luning, 

1993). For example, the west coast is renowned for its intense seasonal 

inshore upwelling system which is caused by the offshore southerly winds and 

introduces cold, nutrient-rich bottom water from the northward flowing 

Benguela Current into the surface layer. A study conducted by Probyn & 

McQuaid (1985) showed that nitrogen uptake by Ecklonia maxima was 

linearly related to ambient concentration which resulted in a significantly 

higher tissue nitrogen content under upwelling conditions during summer. The 

nitrogen results (Fig 13).in the present study showed no apparent changes in 

chemical composition cue to upwelling events, probably because samples 

within a month were combined, and upwelling works on a shorter time scale .. 
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In Southern Africa the west coast and south west coast experience markedly 

different water temperature regimes, with means of 12 and 19oC respectively, 

in summer and 13 and 140C respectively, in winter (Shannon & Stander 

1977). Temperature is an important determinant of plant production. Its effect 

on respiration and photosynthesis is well known. Generally temperature has 

an inverse relationship with nutrients on these coasts, with cool, upwelled 

water having higher nutrient levels than warmer, downwelled water. From 

available data, the cool west coast will have higher overall average nutrient 

levels, and particularly higher nutrients levels under upwelling conditions in 

the summer, than on the warmer south west coast (Probyn & McQuaid 1985). 

Ash, phosphorus, sodium and potassium in the present study, revealed higher 

concentrations for every month on the west coast compared to the south west 

coast. However, these nutrients on the south west coast were higher during 

winter as opposed summer (the upwelling season), which would have been 

expected. In contrast carbon, fibre, fat, calcium, magnesium and the trace 

minerals had higher values for the south west coast compared to the west 

coast and only carbon and fibre was higher during summer. 

4.2 Seasonal differences in nutritional composition between the 

south west coast and west coast.:. 

Seasonal growth rates have not yet been recorded for E. maxima but several 

northern hemisphere kelps such as Laminaria hyperborea reflected the 

seasonal growth pattern of storage carbohydrates, with high content in the 
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summer and autumn (slow growth period), and decreasing content after 

growth started in January (SjfJtun at al. 1995). 

Even though calorific content was not measured in the present study seasonal 

variations in M pyrifera and U. lactuca was suggested to have been a function 

of the change in the ash content, and changes in the chemical composition of 

the organic portion associated with seasonal growth and uptake of nutrients. 

(Lamare at al. 2001) Previous studies showed that an increase in calorific 

content could be a result of an increase accumulation of carbohydrates during 

spring and summer (Vergara at al. 1997). Hernandez et al (1997) found the 

C:N ratio was highest in late spring and summer because of an increase in 

carbon content. These results could have been a result in an increase in the 

calorific content during spring. 

Carbon content in the present study projected a seasonal pattern in which it 

increased during summer and decreased during winter which could have 

been related to calorific content. This is contrary to a study by Von Holdt at al. 

(1955) in which mannitol or carbohydrate concentrations of E. maxima had 

higher values for winter than in summer. The carbon values in the present 

study were significantly higher on the south west coast compared to the west 

coast and the average values for all the samples (32.93 ± 2.08%) were 

approximately 5% higher to those obtained by SjfJtun (1993) for the species 

Laminaria saccharina. 
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In the present study tissue moisture content is high when carbon is high (in 

the summer). If Eck/onia maxima has a similar growth pattern to other kelp 

species such as species of Laminaria (Sj0tun 1993) then the high carbon 

content could be due to the kelp optimally photosynthesizing but at the same 

time growing slowly (LOning, 1993). During winter photosynthesis slows down 

and growth speeds up (hence low carbon) (Sj0tun 1993). The moisture 

content showed an unexpected result as it should have been higher in winter 

when the kelp is growing faster. If the kelp is not growing, but it is 

photosynthesising, it would have a higher carbon content and a lower 

moisture content. Nevertheless, a low water content during winter may also 

suggest a high content of other constituents such as ash, phosphorus, 

magnesium sodium and potassium, which increase during winter and 

decrease during summer (John Bolton 2007. pers. comm.). 

Protein was estimated by multiplying nitrogen by a constant 6.25. Evidence 

shows that protein is frequently the principle constraint to the growth, 

fecundity and survival of abalone and that their diet selection generally 

maximizes diet protein (Duffy & Hay 1991). Protein would therefore be a good 

indicator as to whether the south west kelp was superior, as an abalone feed, 

to the west coast kelp. However, there were no significant differences in 

protein between the two locations. Previous studies revealed that the protein 

content and Similarly the nitrogen content of Laminaria hyperborea was high 

during the growth period, winter and low for the rest of the year (Sj0tun et al. 

1995). This did not seem to be the case in the present study as seasonal 

variation in nitrogen content can not be distinguished from the data. However, 
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the pattern of high versus low nitrogen content may also indicate storage of 

nitrogen in a period of high ambient nitrate concentration (Black & Dewar 

1949). Studies of L. longicruris have shown that this growth pattern can result 

from a high concentration of nitrate in the sea-water during winter and spring 

and from nitrate limitation during the summer and autumn (Chapman & 

Craigie 1977). It was expected that the west coast would have more nitrogen, 

particularly during summer, due to the input of nutrients during an upwelling 

event but in the present study nitrogen values were not Significantly different 

between the two locations. Asare & Harlin (1983) found that values exceeding 

1 % nitrogen content of tissue dry weight represented intracellular stored 

nitrate in L. saccharina. If this also applies to Ecklonia maxima, it suggests 

that nitrate is being stored in the plants during both winter and summer at both 

locations. On the contrary these hypothesized high levels of nitrate storage 

may also mean that measurement of nitrogen (and multiplying by 6.25) is not 

a true reflection of protein content of this kelp. 

Nitrogen is one of the resources limiting seaweed growth in the natural 

environment and seaweed growth rates tend to parallel nitrogen supply (Duke 

at al. 1989). This implies that the nitrate content of the seawater may 

temporarily control the amplitude of the growth rate, just as other primary 

ecological factors do (Luning 1993). Additional environmental parameters 

influencing the water column composition and growth measurements of 

Ecklonia maxima species would have been useful in the present study. but, 

nevertheless, nitrogen should have been abundant on the west coast during 

upwelling conditions in summer (Probyn & McQuaid 1985). The south west 
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coast only has a few months of abundant ambient nitrogen in comparison. In 

the present study nitrogen did not differ significantly among month or between 

locations and remained relatively constant throughout the year. 

The C:N ratio in macroalgae is important in terms of protein requirements for 

consumers such as abalone. Russell-Hunter (1970) calculated that most 

animals need a C:N ratio of 17 or less in their diet. A study conducted by 

Yoshikawa at al. (2001) revealed that the C:N ratio of U. pinnatifida ranged 

from 10.1 to 16.4. Carbon and nitrogen ratios of 10-15 have been found to be 

critical in several macroalgae, with lower values indicating storage of nitrogen 

and higher values causing nitrogen-limited growth (Hanisak 1983). However 

in other kelps, such as L. longicruris and L. digitata, the ratio is in the range of 

13.8-27.2 (Mann, 1972), indicating that these algae are a poor nitrogen 

source at certain times of the year. In the present study the C:N ratio for both 

locations was greater than 15 for all the months. Seasonal reductions in 

calorific content was suggested by McQuaid (1985) to be related to a 

reduction in carbohydrate content during rapid growth, and an associated 

increase in carbon: nitrogen ratio (C:N). This is substantiated by the high 

carbon and fibre values particularly on the south west coast. 

The fat concentration corresponds to 0.7 - 1.4% which is lower than the range 

for other Laminaria species (1-3%), however, abalone species show a low fat 

requirement (3-8%), typical of herbivore molluscs and fish (Mai at al., 1995a). 

This low fat requirement has been associated by some authors (Durazo­

Beltran at al., 2004) to the low use of dietary lipids as an energy source of 
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abalone based upon its low metabolic rate. Dietary lipid levels that are too 

high (10%) seem to negatively affect abalone growth (Thongrod at al. 2003, 

Britz at al. 1997). However, it was demonstrated that the lowest lipid level 

produced the lowest growth rates in H. tubarculata and H. discus hanna; 

(Mercer at al. 1993). It should be noted that the differences in growth rates 

could involve nutritional factors other than lipids, for example high levels of 

fibre, and hence carbohydrates, enhance abalone growth. Abalone have 

enzymes capable of hydrolyzing complex carbohydrates (Flemming at al. 

1996) and a good capacity to synthesize non-essential lipids from 

carbohydrates. In the present study fibre (ADF) values were exceptionally 

higher on the south west coast (41.34 ± 1.21%) but within the range of the 

optimal abalone growth requirements (33-58%) (Britz & Hecht 1997) and were 

comparable to other Laminaria species (37.3%) (Nisizawa at al. 1987). 

Conversely, the fibre concentrations on the west coast (28.64 ± 1.22%) were 

below the abalone requirement range for maximum growth and were not 

nearly as much as those of other kelp species. 

The compOSition of ash contains mostly sodium, potassium, magnesium, 

calcium, phosphorus and iron as well as trace minerals in small amounts. The 

ash content differed Significantly for both location and month. The west coast 

had a higher (22.7 ± 0.56%) average ash concentration for all the months 

compared to the south west coast (19.41 ± 0.29%). This could be correlated 

with a higher calorific content described by Lamare and Wing (2001) in which 

Macrocystis pyrifara and Ulva lactuca showed that calorific content is 

negatively correlated to ash content. For maximum growth abalone only 
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require a low percentage of ash (12%) (Knauer at al 1994a) as high ash 

concentrations in algae could limit the presence of other nutrients and 

reduces nutrient digestibility (Horn 1989, Hay at al. 1998). The ash content 

tended to reveal a seasonal pattem which was inversely related to the carbon 

and moisture content. Higher values were found during winter while lower 

values were found for the rest of the year. This is analogous to the results 

recorded by Von Holdt at al. (1955), the ash in the E. maxima stipes reached 

a maximum value in mid-winter (June), it dropped to a minimum on either side 

of this month and then rose again towards summer. In the present study the 

average ash content for both locations was 5% lower than that obtained by 

Knauer at al. (1994b) for E. maxima 

Phosphorus in seawater is available to marine algae at concentrations of 1-3 

IJm (De Boer 1981). This resource may be exhausted under high seaweed 

and phytoplankton densities and therefore would be a limiting factor for 

seaweed growth. Contrary to expectation the phosphorous values, in the 

present study tended to be slightly higher during the winter months as 

apposed to summer when upwelling events occur. However a seasonal 

pattem is difficult to distinguish. The concentrations are low, in fact 3% lower 

than those calculated by Whyte at al. (1974) for the Nareocystis luatkaana 

species. Nevertheless, analogous to the ash concentration, the west coast 

had higher values for all the months compared to the south west coast. This 

suggests that the input of nutrients during upwelling events could be an 

important factor for Ecklonia maxima growth and development. The sudden 
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increase in phosphorus in January (Fig. 21) for example, could have been a 

direct result of upwelling events. 

The calcium concentrations did not reveal a seasonal pattern but values were 

higher on the south west coast compared to the west coast. Calcium is an 

important component in the formation and strengthening of the abalone shell. 

The shell consists of three layers: an outer horny periostracum, (occasionally 

fibrous), a thick calcareous prismatic layer and an inner pearly nacreous layer 

(Day 1974). The prismatic layer is composed of calcium crystals and is 

responsible for linear growth of the shell (Culver et a/. 1997). 

Magnesium concentrations remained low and constant throughout spring and 

summer but during autumn and winter the south west coast concentrations 

suddenly increased while the west coast remained at a constant level. The 

study sites, particularly on the south west coast, are in a winter rainfall area, 

therefore this increase in concentrations could have been due to a terrestrial 

environmental influence in which a pollutant was introduced to the system via 

surface run-off. 

Sodium and potassium revealed higher concentrations for all the months on 

the west coast. Concentrations tended to be lower during spring and autumn 

but rose during autumn and winter reflecting a potential seasonal pattern. 

The trace metals, copper, zinc, manganese and iron were low and did not 

show a seasonal pattern. Although trace metals are an essential element as a 
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co-factor of enzymes and key participants in several metabolic pathways 

(Stauber & Florence, 1987; Gaetke & Chow, 2003), at elevated 

concentrations they become toxic (Florence & Stauber 1986, Gledhill at al. 

1997). Nevertheless, a range of macro and micronutrients as well as various 

trace elements are necessary for algal growth (De Boer 1981). 

According to the cluster analysis (Fig 33) the nutritional differences 

correspond to the difference in location rather than seasonal variation. The 

south west coast had higher calcium, carbon and fibre (hence higher 

carbohydrates) concentrations than the west coast which could make it 

slightly nutritionally richer and therefore better as an abalone feed than the 

west coast. 

CHAPTER 5 

CONCLUSIONS 

Based on a calculated food conversion ratio, the south west coast abalone 

farmers claim that kelp growing in this area is more beneficial as an abalone 

feed than the kelp growing around the west coast. The aim of this study was 

investigate this theory and provide reasons why this may be the case. The 

following conclusions have been deduced: 

• Overall the study found no single trend in change of chemical 

. composition with season and the differences were mainly to do with 

location. 
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• Moisture content was lower during winter and autumn (which may be 

the growth season although no data are available in the literature for 

seasonal growth of E. maxima. 

• Carbon content was high during summer and decreased during winter. 

Other kelp species Laminaria longicruris (Gagne, 1982), Laminaria 

solidungula (Lunning 1993) and Laminaria hyperborea (Sjetun et al. 

1995) for example, have been known to grow in winter from stored 

carbon which was assimilated during the summer months (Sjetun et al. 

1996). 

• Protein did not show a seasonal pattern and concentrations were no 

different on the south west compared to the west coast. 

• Carbon and fibre contents are markedly greater on the south west 

coast which contributed to the high C:N ratios. 

• Fat concentrations were low and did not reveal a seasonal pattern 

• Ash, phosphorus, sodium and potassium had higher values on the 

west coast particularly in spring which could be explained by the more 

prevalent inshore upwelling system found in this area. 

• Ecklonia maxima is a nutritional rich species for abalone farming in 

terms of carbon and fibre but it is important to note that the nutritional 

values here are based on feed analysis. Biological analysis using 

animal feeding trials would be required to establish the complete 

nutritional value of this kelp. However, the difficulty with doing feeding 

trials between two coasts is that it is costly and logistically extremely 

difficult to test fresh kelp in controlled conditions from sites 300 km 

apart. 
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If details of the exact nutritional requirements of abalone and the composition 

of seaweeds are known, mixing and matching appropriate seaweeds could 

produce an efficient diet. (Fallu 1991). It has generally been accepted that a 

balanced level of protein (>15), lipid (3-5%) and carbohydrates (20-30%), 

without any toxic substances in the natural algae, are essential for an optimal 

growth performance of abalone (Mercer at al. 1993). On the south west coast 

and the west coast Ecklonia maxima in this study was low in protein and lipid 

but high in carbohydrates, particularly on the south west coast. Further 

feeding trials with live abalone may show carbon ,fibre, ash, phosphorus, 

sodium and potassium concentrations in kelp are important elements for 

healthy abalone growth. If these prove to be critical factors then the results of 

this study will enable the South African abalone farmers to select the optimal 

kelp forests for abalone feeding. However, based on current knowledge, its 

not possible to state that one location is superior as an abalone feed over the 

other. 
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SAMPLE FARM BED DATE TIME % H2O C% N% CIN %PnIeeIn % Fill %AaII %FIIn(ADF) %Ca %P %- %NII %K CufPPt) Zn(ppt) (ppt) FelDDtl 

1 JSP Omd .... 1 08:00 88.88 31.00 1.~ 22.2C 

<I JSP Omdrul 08:00 66.~ 9.08 1.00 28.20 27.20 1.00 0.37 0.75 3.39 3.00 0.0004 0.0014 0.0003 0.00+4 
~ JSP C>rncIruI 08:00 89.78 28.7~ 1.3t 2O.8C 

~ JSP Omdrul 08:00 71.8e 31.SC 1.47 21.~ 

! JSP Omdrul 08:OC 7O.1e 8.98 0.40 28.90 27.80 0.81 0.29 0.80 3.99 3.51 0.0003 0.0012 0.0001 0.0057 

E JSP 0mdruI 08:0( 87.01 8.38 0.40 28.30 28.00 0.91 0.30 0.78 3.80 3.48 0.0003 0.0025 0.0001 0.0054 

; 1 &J BuIfetIiDI 1~Oi: 87.51 32.0( US 21.4E 

II&J ~ 2004-04-0! 12:0( 70.8 32.8C 1.8 2O.2! 10.41 0.10 21.70 28.20 1.17 0.22 0.74 3.32 3.94 0.0001 0.0015 0.0025 0.0083 

, 1 &J BuIf$gs 12:0( 66.~ 

1( I&J BuIr$ga 12:0( 89.3S 10.5 0.20 19.00 25.00 1.11 0.21 0.70 2.81 3.49 0.0003 0.0019 0.0023 0.008 

111 &J I&J 10;31 87.91 9.94 0.70 18.80 24.20 0.71 0.23 0.83 2.73 2.18 0.0003 0.001 0.0008 0.005 

12 HIK vermont 15:0( 5O.~ 

13 HIK lVermont 11:00 78.11 11.31 0.30 22.10 37.80 0.87 0.25 0.87 3.38 2.80 0.0003 0.0028 0.0002 0.0071 

1~ HIK DyerIllMd 10:3Cl 85.~ 9.19 0.10 18.10 25.80 0.66 0.20 0.58 2.84 2.18 0.0002 0.0012 0 0.0052 

UHIK vermont 11:00 58.21 10.81 0.30 22.40 35.80 0.89 0.27 0.85 3.66 2.66 0.0003 0.0015 0.0003 0.0051 

1E HIK vermont 2OC)4.()5.O~ 15:0( 74.31 

11 HIK vermont 2OC)4.()5.O 13:0( 8O.a! 

1e HIK DyerIslMd 10;3Ci 80.9 9.47 0.00 17.10 28.80 0.74 0.22 0.58 2.66 2.27 0.0002 0.001~ 0.0004 0.0082 

1i HIK vermont 15:GC 54.3: 10.66 0.10 25.00 34.80 0.93 0.25 0.83 3.75 2.78 0.0003 0.0013 0.0002 0.0078 

2! 1 &J I&J 10:31 72.31 8.87 0.40 17.50 44.00 0.91 0.22 3.08 2.66 2.82 0.0005 0.0009 0.0005 0.0158 

211&J BuIr$ga 12:0( 84.32 10.94 0.80 22.00 28.20 1.11 0.22 0.75 3.25 3.83 0.0003 0.0014 0.002 0.005 

ii I&J I&J 2CJCM-(M-1' 10:0( 81.43 31.8C 1.4' 21.21 

~ I&J BuIreIjap 12:0( 84.6E 3O.7! 1.11< 18.81 

~ I&J I&J 10:31: 81.~ 33.3 U 

:if 1 &J I&J 10;31 59.1~ 33.SC 1.31 24.21 

~ I&J BuIfetIiDI 12:01 66.~ 9.7 0.10 25.30 34.40 0.98 0.22 0.81 3.85 4.07 0.0002 0.0013 0.0011 0.005 

21 I&J ~ 12:0( 88.21 11.88 0.50 22.10 19.20 1.22 0.23 0.83 3.43 3.59 0.0001 0.0014 0.0008 0.0072 

2i I&J B~ 12:0( 83.5. 32.21 1.44 22.0! 

21 I&J BuIfeNs 12:OC 84.1~ 31.71 1.114 17.~ 

31 I&J BuIf$gs 12:OC 85.~ 11.52 0.80 19.90 30.00 0.79 0.28 0.74 3.17 2.40 0.0002 0.0014 0 0.0047 

311 &J I&J 12:OC 58.5( 9.24 0.30 20.90 49.40 0.98 0.24 3.20 2.85 3.30 0.0008 0.0012 0.0007 0.0187 

3; I&J I&J 10:OC 88.~ 9.2 0.30 22.10 50.40 1.01 0.25 3.78 3.84 2.28 0.0005 0.0011 0.0008 0.0241 

3: I&J I&J 2004-04-0! 10;31 84.~ 

~ I&J I&J 2OC)4.()5.O~ 10:OC 84.41 

3! I&J I&J 2CJCM-(M-1S 10;1IC 83.3t 

3E I&J I&J 2Q04.05.O~ 10;01 47.1M 

371 &J I&J 2004-05-0~ 10;01 70.41 10.45 1.00 18.80 45.00 1.11 0.45 3.82 2.80 2.52 0.0005 0.0013 0.0005 0.0128 
-31 I&J I&J 2004-05-03 10;0( 78.DE 

39 I&J I&J 2004-05-18 11:31 74.6E 

401 &J I&J 2004-05-18 11:3( 8O.2E 

411&J I&J 2004-05-18 11:3( 80.16 34.7( 1.76 19.72 
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4.I&J I&J """" -""-"" 10:00 80.<1 10.42 1.10 18.50 54.40 1.13 0.02 3.84 2.03 2.50 0.0005 0.0011 0.0005 0.01 
~ I&J Bufl'etagl 2004-05-11 11:00 79.93 34.1C 1.8<1 18.~ 

~ I&J Butre\jIIgI 2004-05-1e 11:00 80.8 33.9C 1.85 20.55 

451 &J ~ 2004-05-11 11:011 80.01 30.2< 1.57 19.2<1 

4e I&J B .... 12:011 80.55 3S.3C 1.8 19.81 

47 AVA Beach 2004-08-11 12:011 79.07 34.9C 1.85 21.15 

41 AVA Beach 2004-08-01 12:011 77.81 35.4C 1.88 21.07 

49 AVA Beach 2004-04-0! 09:011 81.41 11.28 1.30 18.70 84.20 1.24 0.21 3.95 2.54 2.70 0.0004 0.0015 0.001 0.0153 

SC AVA· Beach 2004-08-01 12:0( 77.Be 34.8C 1.n 20.23 

51 AVA Beach 12:45 78.<1<1 

~ lAVA Beach 2004-04-2< 12:0( 74.1 

52 AVA Beach 2004-08-0 12:OC 81.23 11.4 1.30 15.20 57.00 1.18 0.23 3.34 1.89 2.18 0.0004 0.0013 0.0008 0.0139 

54 AVA Beach 2004-08-01 12:OC 81.8~ 10.59 1.40 13.20 57.40 1.23 0.21 3.30 2.04 2.08 0.0004 0.0014 0.0008 0.0125 

5! HlK Dyer 1*'<1 2004-08-19 18:OC 72.~ 9.57 0.40 23.10 54.20 1.18 0.24 4.22 3.72 4.53 0.0004 0.0018 0.0007 0.0185 

5E HIK Dyer IIIInd 2004-08-19 18:OC 81.8~ 10.77 0.80 19.90 55.40 1.43 0.21 3.99 3.01 2.95 0.0004 0.0013 0.0007 0.0105 

51 AVA Beach 2004-04-2C 12:00 77.09 

5E AVA Beach 2004-CM-05 12:45 78.13 10.77 2.90 17.90 51.80 1.10 0.25 3.54 2.87 1.71 0.0004 0.0014 0.0007 0.0183 

59 AVA Beach 2004-08-18 12:00 83.2! 

8C AVA Beach 2004-08-18 12~ 78.! 

81 AVA Beach 12:45 78.~ 9.1 0.50 15.80 49.80 1.OS 0.23 3.38 2.47 2.24 0.0004 0.0011 0.0007 0.0181 

~ AVA Beach 2004-08-01 12:00 83.8 10.58 1.30 15.20 57.40 1.19 0.25 3.44 2.52 2.34 0.0004 0.0018 0.0007 0.0115 

83 AVA Beach 12:45 82.711 34.8C 1.95 17.85 

8<1 .,..VA Beach 2004-08-01 12:C)CJ 78.04 34.SC 1.7 20.211 

85 HIK Dyer IIIInd 2004-08-19 10:011 83.21 11.14 0.80 15.00 83.80 1.80 0.19 4.211 2.18 2.34 0.0008 0.0017 0.0007 0.0335 

Be HIK Dyer 1*'<1 2004-08-1S 10:011 85.5 3S.8C 1.1M 18.35 

87 AVA Beach 2004-04-2< 12:OC 0 34.9C 2.15 18.23 

Be HIK Dyer IIIIInd 2004-08-1S 10:OC 79.95 10.79 2.00 19.30 85.80 1.32 0.19 3.82 2.77 2.93 0.0005 0.0019 0.0007 0.0118 

8& HIK Dyer IIIIInd 2004-08-11 10:OC 83.31 32.2< 1.71 18.83 

7CJSP Omdrui 2004-08-18 12:OC 77.04 3O.7C 1.52 20.07 

71 HlK Plankhuil 2004-08-1C 11:OC 79.5:3 32.7C 1.Be 17.58 

72 JSP Omdrllai 2004-07-13 09:OC 79.78 32.3C 1.n 18.25 

73 JSP C>mdrMi 2004-07-2S 11:OC 75.9~ 30.4C 1.8& 17." 

7<1 JSP Omdrui 2004-08-21 11:OC 80.3& 30.1C 1.87 18.02 

75 JSP Omdraai 2004-08-11 12:OC 78.42 34.9C 1.8& 20.85 

711 JSP Omdrui 2004-08-21 11:0( 74.& 10.88 0.80 20.70 32.20 1.21 0.34 0.88 3.80 3.79 0.0001 0.0027 0.0003 0.0087 

n JSP Omdrui 2004-08-1. 12:0( 77.ee 28.SC 1.57 18.15 

78 JSP Omdrui 2004-08-21 11:OC 82.59 32.3C 1.n 18.25 

7S JSP 0mcIrui 2004-08-27 11:OC 77.93 29.9C 1.81 18.51 

8C JSP Omd .... i 2004-07-29 ":OC 73.1E 33.2C 1.91 17.31 

81 JSP Omdrui 2004-08-1~ 12:0( 79.01 30.2C 1.51 2O.OC 

8. JSP Omdraai 2004-07-1 7C 32.7C 1.93 18.1M 

8 JSP Omdrui 2004-07-1~ 80.7& 34.SC 2.12 18.21 

8<1 JSP Omdrui 2004-07-2S 1':OC 89.5! 11.08 0.70 22.30 34.80 1.38 0.31 0.94 3.29 3.88 0 0.0017 0.0009 0.0084 
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8! JSP Omclrui 2004-07-211 11:00 72.63 10.25 0.90 22.80 34.80 1.29 0.30 0.95 3.41 4.14 0.0001 0.0021 0.0006 0.0012 
8E JSP Omdrul 2004-06-27 11:00 72.&1 10.41 0.70 18.80 30.80 1.26 0.34 0.94 3.45 4.08 0.0002 0.003 0.0011 0.0044 
97 JSP Omdrui 2004-07-211 11:00 78.1! 10.93 0.30 22.80 35.00 1.44 0.38 0.99 3.80 4.28 0.0001 0.0021 0.0012 0.0045 

at JSP OmcIrui 2004-11-01 13:4! 83.8E 11.79 0.50 18.80 30.80 1.09 0.32 0.88 3.28 4.07 0.0002 0.0025 0.0003 0.0085 

as JSP Omdrui 2004-11-01 13:45 84.33 12.09 0.20 19.00 30.00 1.18 0.38 0.97 3.39 4.07 0.0001 0.0029 0.0008 0.0051 

9Cl HIK Pllnkhuls 2004-05-31 11:0( 80.&! 11.08 4.40 22.80 61.20 1.09 0.30 4.23 3.71 2.00 0.0004 0.002 0.0007 0.0133 

9 HIK Pllnldwis 2004-05-31 11:0( 75.5E 10.37 4.20 24.50 80.20 1.09 0.25 4.43 3.85 2.42 0.0004 0.0024 0.0007 0.0133 

9~ HIK Pllnkhuis 2004-05-31 11:0( 63.44: 31.s( 1.n 17.97 

93 HIK Pllnkhuil 2004-05-31 11:0( 74.61 34.1C 1.97 17.31 

90i HIK PIanIchuis 2004-05-31 11:00 73.7E 33.6Cl 2.OE 16.31 

95 JSP Omdraai 2004-11-01 13:45 77.9: 32.5Cl 1.91 17.~ 

BE HIK PIInIchuIa 2004-05-31 11:00 77.se 32.911 1.8E 17.5Cl 11.6 4.10 19.20 83.80 1.09 0.23 3.93 2.54 2.12 0.0008 0.0016 0.0008 0.0289 

97 HIK Plankhuis 2004-06-1Cl 11:0cl 73.7<4 31.7~ 1.6E 18.87 

i HIK Pllnkhuil 2004-06-1~ 11:00 88.n 30.6Cl 1.97 18.3E 

lIS JSP Omdraai 2004-11-01 13:4! 80.67 12.32 0.80 14.00 35.40 1.14 0.32 0.92 2.53 3.08 0.0002 0.0027 0.0011 0.0083 

101 JSP Omdrui 2004-11-01 13:4! 83.n 
101 JSP Omdrui 2004-11-01 13:4! 7O.OE 30.3C 1.6E 18.GII 11.63 1.41 28.45 17.24 0.98 0.30 0.87 3.07 5.18 0.0001 0.0008 0.0002 0.003 

10: JSP Omdrui 2004-09-3( 11:01 82.BE 31.1C 1.5! 20.01 

10l JSP Omdrui 2004-10-1. 11:0( 83.1! 12.7 0.80 18.50 40.20 1.39 0.30 0.97 2.79 3.80 0.0002 0.0027 0.0008 0.0034 

10< JSP 0mdruI 2004-10-1 11:0( 83.7E 31.SC 1.7' 18.1( 10.95 1.55 22.94 19.95 1.07 0.21 0.90 2.83 4.11 0 0.0011 0.0002 0.0078 

101 JSP 0mcIrui 11:01 78.11S 32.8C 1.91 17.01 12.19 1.18 22.45 18.71 1.07 0.31 0.91 2.82 3.86 0.0006 0.0012 0.0002 0.0082 

1011 JSP 0mcIrui 2004-09-3( 11:01 8O.11! 31.SC 1.81 17.4( 

107 JSP 0mdruI 2004-10-~ 11:0( 84.01 32.4( 1.6E 19.51 

10ii JSP 0mdruI 2004-10-1 11:0( 82.4E 11.98 0.90 20.30 38.80 1.38 0.30 1.09 3.78 4.89 0.0003 0.0022 0.0008 0.0055 

101i HIK Dyer Island 10:3C 82.91 27.2C 1.1 17.01 

11ii HIK Dyer Island 20C)4.0<4-()! 10:3C 81.4S 33.8( 1.7<4 19.~ 

111 HIK Dyerillend 2004-04-11 10:01 84.31 35.3C ~ 17.61 

11~ HIK Dyer Island 10:3C 78.1E 9.17 0.80 18.50 51.20 1.08 0.20 3.58 2.50 2.84 0.0005 0.0014 0.0008 0.014& 

1~ HIK DyerIIlMd =.,,,.,-'" 10:3( 88.4' 35.11 1.7~ 20.1 

11, HIK Dyer Island 2004-04-11 10:01 81.81 32.41 U 18.01 

11! HIK Dyer Island 2004-04-11 10:01 83.21 33.2C 1.n 18.711 

11E JSP Omdrul 2004-10-1 11:01 85.51 29.91 1.~ 16.~ 

111 JSP Omdraai 2004-10-1: 11:OC 83.81 11.46 0.50 22.70 34.80 1.19 0.30 0.93 3.55 2.88 0.0002 0.0015 0.001 0.0085 

111 HlK Dyer IIIand 2004-10-13 10:01 83.11 32.01: 1.5 18.&1 

111 HlK Dyer lliend 2004-10-13 10:01 85.71 11.03 0.40 21.30 82.40 1.15 0.20 0.11 3.27 2.72 0.0005 0.0014 0.0007 0.0129 

12C JSP Omdrui 2004-08-~ 13:01 81.3C 28.SC 1.97 17.07 

121 HIK Dyer IIImId 2004-10-13 10:01 ~.1 34.3C 1.a. 17.8E 

12: JSP Omdrui 2004-06-21 11:01 82.51 11.89 1.20 18.40 34.80 1.12 0.33 0.93 2.87 1.98 0.0003 0.0021 0.0008 0.0046 

12< JSP Omdraai 2004-07-13 08:0( 80.51 32.8C 1.841 17.53 11.93 1.22 22.13 19.47 1.14 0.27 0.90 2.76 3.50 0.0005 0.0012 0.0002 0.0039 

1~ JSP Omdraai 2004-06-18 12:00 77.7, 32.7( 1.67 19.58 10.39 1.77 21.69 17.70 1.08 0.24 0.87 2.69 3.87 0.0001 0.001 0.0002 0.0081 

121 JSP Omdrui 2004-07-1-3 09:00 79.01 32.1Cl 1.73 18.55 10.77 1.46 23.13 18.35 1.04 0.29 0.88 2.88 3.69 0.0003 0.0017 0.0002 0.0045 

12E JSP Omdraai 2004-07-2& 11:00 72.58 29.30 1.5<4 19.03 

127 JSP Omdrui 2004-08-12 12:00 79.53 28.~ 1.43 19.72 9.25 1.09 32.36 16.58 1.07 0.29 0.69 3.30 5.61 0.0005 0.0012 0.0002 0.0027 
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128 JSP OmdIMi 2004-09-1~ 14:3C 78.4~ 10.89 0.70 25.30 36.80 1.06 0.30 0.85 3.89 2.88 0.0005 0.0028 0.0003 0.0048 
129 JSP 0mdIMi 2004-09-1~ 14:3C n.1S 10.33 0.40 21.60 35.80 1.35 0.31 0.99 3.62 2.74 0.0002 0.0023 0.0003 0.0028 
130 JSP Omdrui 2004-09-1~ 14:OC 82.81 3O.1Q 1.81 18.7~ 10.14 1.22 27.41 111.04 1.18 0.28 0.95 3.18 4.82 0.0001 0.0012 0.0002 0.003 
131 JSP 0mdIMi 2004-09-1~ 14:OC 81.1E 30.10 1.51 19.9 9.65 1.39 28.36 16.93 1.14 0.20 0.91 3.14 4.66 O.QOOSI 0.0017 0.0002 0.005 
132 JSP 0mcIrMI 2004-09-1~ 14:OC 76.1~ 30.~ 1.61 18.78 9.56 1.19 30.42 17.67 1.16 0.29 0.97 3.23 4.14 0 0.0012 0.0002 0.0027 
133 JSP 0mdIMi 2004-09-1~ 14:30 78.81 30.80 1.M 18.3E 11.88 1.74 27.23 19.8t 0.911 0.28 0.96 3.36 4.98 0.0001 0.0013 0.0002 0.0046 
~ JSP OmcIrul 2Q04..08..2~ 13:00 6O.1~ 10.27 0.50 18.60 36.00 1.33 0.31 0.911 3.49 2.79 0.0001 0.0017 0.0006 0.007 
13! JSP 0mcI1Mi 2004-06-~ 13:00 78.3E 30.60 U 18.21 11.2 1.00 27.41 18.34 1.00 0.25 0.96 3.34 4.82 0.0001 0.0011 0.0002 0.0039 
13E HIK Dyer IIiIInd 2004-10-1~ 10:00 14.1 32.70 1.7~ 19.01 

131 HIK Dyer IIiIInd 2004-10-1~ 10:00 80.61 12.63 0.50 18.40 34.40 1.00 0.27 0.66 3.14 2.!!6 0.0005 0.0019 0.0005 0.009 
13E HlK DyerIllMd 2004-10-1 10:00 63.3E 12.79 0.60 19.00 41.60 1.09 0.28 0.80 2.72 2.20 0.0006 0.0018 0.Q0Q4 0.0048 
13S I&J ~ 2004-11..()j 13:OC 86.9 11.35 1.60 15.60 41.00 1.22 0.19 0.79 2.18 2.30 0.0006 0.002 0.0003 0.0104 
14C I&J Bulfetligs 2004-06-2E 14:00 

141 I&J I&J 2004-11-2~ 06:4e 81.~ 33.60 1.6E 2O.2~ 

14~ I&J I&J 2004-11-Cr. 06:4C 82.111 12.02 0.60 18.70 41.00 1.09 0.26 0.65 2.66 2.52 0.0005 0.0019 0.0003 0.0062 
14~ I&J I&J 2004-10-0E 11:OC 78.72 32.6C 1.7~ 18.91 

1~ I&J BuIfetaga 2004-05-31 10:OC 8O.~ 33.SC 1.6E 16.01 

141 I&J BuIf$gs 2004-06-2. 14:0( 78.1e 32.6C 1.11 17.~ 

14E I&J I&J 2004-07-21 11:0( 81.17 32.9C 1.8 17.5! 

14 I&J B~a 2004-11..()j 13:OC M.7e 34.5C: 1.81 20.91 

141 I&J I&J 2004-11-0: 06:4C 81.7~ 11.85 1.40 22.10 39.00 1.07 0.38 0.14 3.62 2.40 0.0005 0.0015 0.0003 0.0063 
14! I&J BuIfeIjIIga 2004-11~ 11:OC 84.0~ 33.3C 1.6: 20.51 

15( I&J I&J 2004-10-0E 11:0< 67.11 32.9C 1.1 18.28 

151 I&J I&J 2004-10-0E 11:OC 82.41 12.15 0.60 24.30 36.20 1.10 0.23 0.79 3.10 2.66 0.0005 0.0027 0.0003 0.0061 
15: I&J I&J 2004-06-2! 10:3C 82.21 12.61 0.80 13.10 41.00 0.96 0.25 0.84 3.37 2.88 0.0006 0.0019 0.Q0Q4 0.0114 
15 I&J I&J 2004-07-1 11:OC 80.22 34.5C: 1.1 16.11 

1501 I&J I&J 2004-11-02 06:4C 76.11 32.3C 1.71 16.3! 

151 &J B~ 2004-05-31 73.82 33.2!: 1.n 19.30 11.66 1.30 27.30 34.80 1.06 0.24 0.79 3.44 2.56 0.0005 0.0015 0.0002 0.0035 
151 &J I&J 2004.Q8..2S 10:3C 71.71 32.3C 1. 19.OC 

15 &J BufI'etaga 2004-07-12 13:OC 71.~ 31.OC 1.51 19.51 

151 &J I&J 2004-05-31 1O:OC 74.QC! 12.21 0.00 21.50 36.80 1.06 0.28 0.81 3.01 2.30 0.0007 0.0017 0.0003 0.0043 
15t &J Bulfetaga 2004-11~ 13:OC 74.82 32.OC 1.1 2O.OC 

1ii &J B~a 2004-11..()j 13:0< 74.6E 10.75 2.60 19.30 39.80 1.23 0.23 0.76 2.61 2.90 0.0003 0.0047 0.0005 0.0059 
161 &J I&J 2004-07-21 11:OC n.~ 33.2!: 2.0l 16.21 

182 &J I&J 2004-D7-1~ 11:OC 75.44: 32.9C 1.7' 18.41 

18, &J I&J 2004-05-31 10:OC 78.01 11.14 1.70 20.60 37.40 1.19 0.25 0.14 2.95 2.63 0.Q0Q4 0.002 0.0007 0.0165 
16< &J BuIfetaga 2004-07-1. 15:2( n.82 32.7( 1.81 19.82 

16! &J Bulfetaga 2004-06-21 14:OC 76.111 12.45 1.00 20.50 40.00 1.20 0.21 0.79 2.62 3.16 0.0003 0.0016 0.Q0Q6 0.0071 
1eE &J BuI'feIjIIga 2004-06-21 14:0< 75.41 12.02 0.90 21.50 37.00 1.22 0.23 0.90 3.72 2.911 0.0003 0.0015 0.0007 0.001 
161 &J I&J 2004-11-2~ 06:4 n.1 32.91 1.61 19.7( 

16i &J I&J 2004-11=<12 06:4C 80.57 34.30 1.81 16.91 

16! I&J I&J 2004-07-28 11:OC 84.95 34.50 1.91 17.~ 

17~ I&J I&J 2004-10.0e 11:OC 84.01 32.50 1.67 19.46 
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171 I&J B~ 2004-05-31 75.~ 33.00 1.504 21.43 
i-ill I&J Bulfetaga ~5-31 76.()II 10.66 1.60 20.40 63.20 1.18 0.25 0.63 3.02 2.65 0.0002 0.0019 0.0005 0.011 
17~ I&J BuIreIjega 2004-11~ 13:0( 81.7 11 1.50 19.40 43.00 1.39 0.25 0.63 2.81 2.59 0.0003 0.0017 0.0005 0.0084 
17~ I&J I&J 2004-11"() 08:4C 81.811 30.80 1.7E 17.3Cl 

17! I&J BuIfeIjega ~7-12 15:2C 76.1~ 32.3Cl i.E 20.1& 

17E I&J I&J 2004..Q5-31 10:0( 8O.1E 12.3 1.60 19.30 35.40 1.25 0.25 0.85 2.89 2.63 0.0003 0.0014 0.0006 0.0047 

in I&J I&J ~7-13 11:0( 12.~ 33.9Cl 1.IE 18.23 

iii I&J I&J 2004..Q5-31 10:0< 80.41 34.2Cl 1.71 19.21 

171 I&J I&J 2004-10-0E 11:0( 79.:H 11.71 1.70 21.40 42.80 1.34 0.26 0.90 3.16 2.69 0.0002 0.0012 0.0006 0.0126 

11K I&J I&J 2004-06-2& 1O:3Cl 76.34 11.81 1.10 19.90 37.80 1.23 0.24 0.68 3.22 3.31 0.0002 0.0014 0.0005 0.0091 

181 I&J BuIfeIIiGa 2004..Q5-31 10:00 75.41 32.7t 1.1 18.1 

1~ I&J I&J 2004-06-2Ii 1O:3Cl n.1~ 32.3C 1.n 18.21 

1~ I&J I&J 2004-06-2Ii 1O:3Cl 78.81 33.8C 1.11 17.111 

1~ I&J I&J 2004-06-2~ 10:3Cl 81.1~ 12.27 1.90 18.40 43.20 1.35 0.26 0.93 2.92 2.65 0.0002 0.0015 0.0006 0.0047 

-iii! I&J Bu/fetIIgI 2004..Q5-31 75.4& 10.81 1.10 17.20 35.00 1.37 0.25 0.66 2.54 3.23 0.0001 0.0018 0.0016 0.0084 

1M I&J BuIfeIIiGa 2004-06-2& 14:0( 76.3 3207( 1.74 16.71 

167 I&J I&J 2004-11-~ 08:4! 75.4~ 34.SC 1.7! 19.71 

18E I&J BuIfeIj8gI 2004-06-21 14:0< n.1! 11.78 0.60 21.30 38.20 1.35 0.23 0.93 3.40 3.75 0.0002 0.0019 0.0024 0.005 

18& I&J I&J 2004-1~ 11:0( 8O.5S 12.06 1.60 19.90 38.80 1.37 0.25 0.94 2.65 3.56 0 0.0015 0.0009 0.0041 

1iC I&J B~ 2004..Q5-31 73.:H 33.1( 1.4& 22.21 

191 I&J I&J 2004..Q7-2I 11:0( 78.11E 12.63 2.90 19.60 38.20 1.04 0.24 0.89 2.87 3.32 0.0001 0.0023 0.0018 0.0037 

~ I&J I&J 2004-11-m oS:4C 80.& 12.33 1.70 19.80 37.40 1.22 0.25 o.at 2.71 3.22 0.0003 0.0019 0.0011 0.0071 

1~ HIK DyerIalMd 2004-11-11 14:11 69.7~ 10.13 1.38 15.12 32.06 1.26 0.17 0.75 1.73 2.68 0.0001 0.0009 0.0004 0.0142 

1904 HIK Dyer IIIInd 2005..Q2..()j 18:0( 68.DE 9.92 1.15 19.44 40.58 1.27 0.18 0.79 2.10 3.54 0 0.0009 0.0002 0.0081 

1M JSP Ornchm 2OO5-O1-1( 12:3C 89.H 11.17 1.40 19.15 28.06 1.04 0.25 0.12 2.25 3.18 0 0.0009 0.0002 0.0044 

11M! HIK Dyerllllnd 2OO5..Q3..() 15:3! 90.51 38.1K 2.03 18.03 

191 HlK Dyerllllnd 15:31 66.11 34.111 1.1 19.a:! 

191 HIK Dyerllllnd 2004-12.0( 12:3C 66.1 8.53 0.66 19.9& 31.38 1.25 0.15 0.81 2.26 3.73 0.0002 0.0006 0.0002 0.0022 

191 JSP 0rndnIaI 2005..Q1-1( 12:3C 89.9: 11.12 1.03 21.35 20.63 1.10 0.25 0.61 2.50 4.00 0.0001 0.0007 0.0002 0.0084 

20C JSP 0mdraaI 2005..Q1-1( 12:3C 89.51 33.SC i.E 18.81 

201 JSP 0rndnIaI 2005..Q1-1( 12:3C 91.6; 12.07 1.08 21.71 34.91 0.96 0.27 0.80 2.61 4.07 0.0004 0.0007 0.0002 0.0029 

20: JSP Omdrui 2005..Q1-1( 12:3C 87.51 32.!M 1.n 19.1~ 

20 JSP Omdrui 2005..Q1-1 ( 12:3C 87.0: 30.2C 1.81 17.81 

2Qj HlK Dyerllllnd 2005..Q1-1i 14:3C 66.9: 35.1( 1.9: 18.21 

20i HIK Dyer IIIand 2005..Q1-17 14:3C 91.61 35.9C 2.~ 17.6C 

20E JSP 0mdruI 2005..Q1-1( 12:3C 91.4 11.51 1.58 19.35 32.81 1.04 0.28 0.79 2.23 3.66 0.0001 0.0009 0.0002 0.0075 

201 JSP Omdrui 2005..Q1-1( 12:3C 69.9' 10.78 0.81 22.56 34.85 0.91 0.28 o.n 2.7~ 4.57 0.0002 0.001 0.0004 0.022 

20i JSP 0mdraaI 2005..Q1-1( 12:3C 87.31 11.51 0.94 19.62 32.49 0.93 0.29 0.79 2.47 4.04 0.0002 0.001 0.0004 0.0149 

201 HIK hemlllnus 2005..Q4..11 17:01 69.01 35.1C 1.9l 18.21 

21~ HlK Dyer IIIInd 2005-05-31 13:41 82.8! 10.58 0.79 16.69 19.67 0.87 0.27 0.73 2.46 4.37 0.0001 0.0009 0.0004 0.0246 

211 HIK hemlllnus 2005..Q4..1E 17:0< 90.5 10.23 0.53 16.21 42.80 1.40 0.17 0.80 1.14 2.79 0.0001 0.0011 0.0004 0.0116 

21 HIK hermanua 2005..Q4.1E 12:0( 91.13 11.31 0.70 18.75 29.24 1.32 0.17 o.n 1.93 2.70 0.0001 0.0018 0.0004 0.0072 

21~ HIK Dyer IIIand 2005..Q1-31 15:5! 90.81 34.~ 1.1 20.2& 
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21~ HIK Dyer I8Iand 2005-02'()1 04:0( 9O.as 35.7Cl 1.71 20.011 

21! HIK Dyerl*ld 2005-01-~ 06:0( 90.! 38.1~ 1.8& 21.341 

21e HIK Dyerl*'d 2005-01-31 15:55 89.e 35.SCI 1.8, 21.~ 
211 HIK Dyer IIIIInd 2005-01-2~ 06:00 85.~ 34.8Cl 1.~ 21.~ 

211 HlK Dyerl*'d 2005-02-07 04:00 80.~ 35.6CI 1.7f 20.0( 

21& HlK Dyer IIIIInd 2005-01-31 15:55 88.~ 38.4CI 1.6! 22.011 

22< HIK Dyer IIIIInd 2005.()3.()1 15:38 88.7~ 11.35 1.59 18.50 32.92 1.15 0.19 0.78 1.83 2.33 0.0001 0.001 0.0004 0.0087 

221 HIK DyerI8land 2005-03-3C 15:55 92.23 12.29 1.47 19.03 48.58 1.41 0.19 0.91 2.12 3.15 0.0004 0.0008 0.0007 0.054 

222 HIK Dyer IIIIInd 2005-03-1! ui:~ 89.23 38.2C 1.M 21.~ 

223 HIK DyerI8land 2005-05-22 15:41 8U 11.28 1.34 19.23 29.84 1.35 0.20 0.83 2.07 3.42 0.0002 0.0007 0.0005 0.0187 

22~ HIK Dyer IIIIInd 2005-05-22 15:41 88.11E 11.41 1.49 17.10 28.59 1.17 0.20 0.77 2.01 2.74 0.0002 0.0006 0.0007 0.0558 

m HlK DyerI8land 2005-03-11 15:41 88.~ 34.7( 1.7~ 19.~ 

22Ii HIK Dyerllllnd 2005-05-22 15:41 91.~ 35.3C 1.93 18.211 

221 HIK Dyerllllnd 2005-03-2E 15:41 87.~ 35.IM 1.81 21.~ 

221 HIK Dyerilland 200S-01-31 15:5! 91.15 38.4( U 20.~ 

22S HIK Dyer IIIIInd 2005-03-2E 15:5! 91.33 33.1( 1.81 19.7~ 

23C JSP Omdraai 11:5( 91.011 12.55 1.24 22.05 25.17 1.17 0.34 0.95 2.88 3.1M 0.0001 0.0009 0.0004 0.0035 
231 JSP 0mdruI 2005-04-21 15:2C 9O.BE 31.8C 1.'r. 18.31 

23.l JSP OmdIMI 2005-03-11 15:3C 91.6: 11.98 1.18 22.09 23.90 1.09 0.32 0.89 2.57 4.47 0.0003 0.0017 0.0009 0.015 
m JSP 0mdrMI 2005-04-2: 11:5( 91.1~ 13.55 1.38 24.21 32.95 1.18 0.38 0.90 2.90 4.31 0.0002 0.0011 0.0004 0.0042 
-~ JSP Omdrul 2005-04-2: 11:5( 88.1~ 33.1C 1.~ 17 .• 

23f JSP Omdrul 2005-03-11 15:31 92.Tl 32.2C 1.a.. 18.8C 

~ JSP 0mchaI 2OO5-CM-21 15:2C 91.~ 29.7C 1.'r. 17.21 

23j JSP 0mchaI 2005-04-21 15:2C 92.22 30.8C 1.~ 18.BE 

23i JSP ()rndrg 2005-04-~ 1i5c 88.BIi 32.2C 1.1 17.M 

231 JSP 0mdrMI 2005-04-~ 11:51 92.71 10.84 1.01 25.57 30.91 1.03 0.34 0.85 3.07 4.70 0.0001 0.0009 0.0004 0.0029 
24( !JSP 0mcIrMi 200S-03-1! 15:3( 93.2E 12.47 1.44 19.07 48.00 1.13 0.28 0.90 2.21 3.54 0.0001 0.0014 0.0004 0.0113 

241 JSP Omdrul 2005-04-1. 1i.4C 91.3 30.0( 1.51 18.8'l 

24 JSP Omdrul 2005-03-1! 15:3C 91.7: 11.48 1.84 23.12 34.89 0.97 0.34 0.82 2.78 4.25 0.0001 0.001 0.0004 0.0031 

24l JSP 0mdraeI 2OO5.()3-1f 15:3C 92.51 31.2C 1.BIi 18.41 

24' JSP Omdrul 2005-03-1! 15:3C 91.81 32.3C 1.r. 18.2f 

24l JSP 0rndrII8I 2005-04-2: 11:5( 90.01 29.2C 1.51 18.3( 

24( JSP Omdrui 2005-04-1: 12:4( 91.r. 29.0( 1.6< 17.81 

24 JSP Omdrul 2005-04-1: 12:4( 91.2i 31.6C 1.81 18.81 

24i HIK Dyerilland 2004-11-11 14:1! 82.5: 9.48 1.18 18.00 48.39 1.28 0.18 0.77 2.06 3.28 0.0001 0.001 0.0004 0.014 
241 HIK Dyer IIIand 2005-01-11 14:3C 91., 38.6C 2.0.: 18.1. 

25C HIK Dyerllllnd 2004-12.()1 15:3C 88.91 38.8C 1.1 23.0( 

251 HIK Dyer lUnd 2004-11-11 14:1! 92.8~ 35.51 1.7: 20.6< 

m HIK DyerIUmd 2005-02-21 15:5( 91.67 35.1! 1.81 18.91 

2sl HIK Dyer IIIand 2005-02-2 15:5« 92.01: 35.71 2.01 17.7 

254 HlK Dyer Island 2005-02-21 15:~ 91.58 34.8Cl 1.91 18.~ 

255 HIK Dyer lUnd 2004-12-oe 15:3C 84.74 9.11 1.38 19.99 45.31 1.27 0.18 0.88 2.30 3.88 0.0002 0.0006 0.0004 0.0082 

25ii HlK Dyer Island 2004-11-11 14:15 92.38 9.88 1.69 16.65 39.22 1.15 0.20 0.75 1.89 3.01 0.0001 0.0006 0.0004 0.0088 
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257 HIK Dyer Island 2005-03-07 15:~ 94.9~ 34.2C 2.~ 18.76 

258 HIK Dyer Island 2004-12-08 15:3C 88.91 9.13 1.32 21.19 44.20 1.36 0.18 0.87 2.39 4.04 0.0002 0.0005 0.0007 0.0049 
259 HIK Dyer Island 2005-03-07 15:3! 88.9S 10.71 1.24 20.31 21.28 1.30 0.23 0.78 2.32 3.51 0 0.0007 0.0004 0.0049 

26CI HIK Dyer IIIIInd 2005-01-2~ 15:05 88.E 12.11 1.04 18.37 51.78 1.31 0.18 0.87 1.88 2.74 0.0001 0.0009 0.0004 0.0028 

261 HIK Dyer IIIand 2005-05-20 14:45 91.~ 11.97 1.39 18.57 40.83 1.34 0.23 0.94 2.23 3.18 0 0.0014 0.0004 0.0022 

~ HIK Dyer IIIIInd 15:45 87.7~ 10.33 1.30 19.33 40.34 1.23 0.22 0.78 2.28 3.59 0.0001 0.0009 0.0004 0.0018 

26~ HIK hermenua 20Q5.0&.2O 04:1~ 88.7~ 34.7~ 1.79 19.39 11.83 1.41 20.95 42.46 1.36 0.22 0.114 2.28 3.91 0 0.0011 0.0004 0.0042 

~ HIK Dyer Island 2OO5-05-~ 15:45 87.BE 

28! HIK Dyer IIIIInd 2005-01-2~ 15:05 89.1 11.83 1.29 18.05 32.85 1.20 0.21 0.82 2.26 3.20 0 0.0024 0.0004 0.0033 

26E HIK Dyer IIIIInd 2Q05..05..2( 14:45 88.17 10.94 0.81 25.12 41.63 1.25 0.28 0.80 2.78 4.10 0.0004 0.0007 0.0004 0.0024 

26 HIK Dyer Island 2005-05-31 21:45 88.71 9.85 0.90 22.59 25.71 1.26 0.25 0.114 2.81 3.98 0.0001 0.0009 0.0004 0.0034 

~ HIK IIennarua 04:1C 89.9t 13.11 1.17 20.20 41.44 1.31 0.26 0.80 2.23 3.57 0.0001 0.0013 0.0007 0.0088 

268 HIK Dyer Island 2005-03-0 15:35 88.8~ 11.45 1.15 18.74 36.79 1.12 0.22 0.711 2.17 3.52 0.0001 0.0008 0.0004 0.0028 

27~ HIK hennanUi 2005-04-111 12:0( 87.9S 36.~ 1.I11i 21.8 

271 HIK Dyer Island 2005-02-07 04:0( 89.~ 10.64 1.48 17.01 31.57 1.36 0.18 o.n 1.97 3.01 0.0003 0.0008 0.0004 0.0018 

m HIK hermanuI 2005-08-20 04:1( 9O.8E 13.42 1.21 18.78 45.82 1.37 0.23 0.80 2.10 3.13 0 0.0015 0.0007 0.0039 

rn HIK Dyer Island 2005-01-2~ 15:05 89. 12.37 o.n 17.00 42.20 1.09 0.22 0.78 2.09 2.53 0 0.0008 0.0004 0.0028 

27~ HlK Dyer Island 2005-01-2~ 15:05 88.21 36.9C 1.75 21.20 

275 HIK Dyer Island 2005-05-31 21:~ 89.5 9.64 0.99 21.39 44.09 1.21 0.24 0.80 2.49 3.52 0.0001 0.0008 0.0004 0.0033 

858 HIK Oyer Island 2004-08-19 10:00 87.51 

88b HIK Dyer Island 2004-08-19 10:00 M.O! 

bb?? AVA Beach 12:45 81.0! 35.00 1.6e 21.1~ 




