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Abstract 

There has been considerable concern that nearshore fringing coral reefs in some 

parts of the world are becoming degradated. This degradation may be caused, in 

part, by increased sediment and high seaweed abundance is proposed to be one of 

the first sign of this problem. Most areas of intertidal neashore fringing reefs in 

the Darwin and Kupang regions are dominated by seaweeds and often subjected to 

periods of high sedimentation. 

The present study aims to examine the impact of sedimentation on tropical 

seaweeds. The study investigates seaweed seasonality and its relation to sediment 

deposition and surface water quality, and experimentally tests the effects of 

degree of sediment load on recovery, recruitment, vegetative regeneration, 

growth, survival and degeneration of dominant or abundant species of the 

seaweeds. These studies involve several species common on intertidal nearshore 

fringing reefs in the Darwin and Kupang regions. 

Three locations were selected as study sites in each region. A 16 month periods of 

data sampling was carried out in each location to assess seaweed seasonality and 

its relation to sediment deposition and surface water quality. Experiments on 

recovery, recruitment and vegetative regeneration of seaweed species were done 

over a period of 12 months using four sediment levels: experimental removal, 

experimental removal/readdition, control (ambient conditions or unmanipulated 

sediment) and experimental addition. Growth, survival and degeneration of 

seaweeds were evaluated during a 6 month period, also using the four sediment 

treatments, except for the degeneration experiments in the Darwin region which 

were only applied three treatments (i.e. experimental removal, control and 

experimental addition). 

The percent cover of seaweed populations and of individual selected species, 

showed peaks in September and troughs in March in Darwin region, and peaks in 

March and troughs in September in Kupang region. In the Darwin region, the 

seasonal variations in percent cover, both the seaweed populations and some 
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individual species, were positively correlated with salinity and conductivity. In the 

Kupang region, however, there were negative correlations with salinity and 

conductivity and a positive correlation with temperature. Percent cover of 

seaweed populations and individual species (with few exceptions) in the Darwin 

and Kupang regions was not correlated with seasonal sediment deposition. 

Field experiments revealed that sedimentation significantly affected recovery, 

recruitment, vegetative regeneration, growth, survival and degeneration of 

seaweed species studied, both in the Darwin and Kupang regions. It was found 

that the parameters studied showed higher values in reduced sediment treatment 

(below the control level) while increased sediment load over the control level 

resulted in lower values. 

The results suggest that the seaweed communities were in equilibrium with the 

present level of sediment load. An increase or decrease in sediment load may 

result in a change in community structure of the seaweeds. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1. Review of the status of coral reefs and the role of reef seaweeds 

1.1.1. General status of coral reef ecosystems 

Coral reefs are tropical, shallow water ecosystems, generally in a band that lies 

between the Tropic of Cancer and the tropic of Capricorn and largely restricted to 

the area between the latitudes 30°N and 30°S (Thurman & webber, 1984; Wells, 

1988; Karleskint, 1998). They are highly productive, taxonomically diverse 

ecosystems and arguably one of the richest and most complex ecosystems on earth 

(Odum, 1971; Nontji & Setiapermana, 1984; Richmond, 1993; Allen & Steene, 

1994; Ferns, 1995; Sundu et at., 1997a). Coral reef ecosystems have high 

ecological, economic, recreational, aesthetic and educational values (Hatcher et 

at., 1989). These ecosystems may protect the shoreline against wave action, 

provide nurseries of commercially important species on mangroves and seagrass 

beds, prevent erosion and contribute to the formation of sandy beaches on 

sheltered harbours (Wells, 1988; Birkeland, 1997). Coral reefs also produce 

islands and land masses for living, support fisheries and tourism, afford 

recreational opportunities (Richmond, 1993) and are sources of raw materials and 

natural products which are useful for building, breakwaters, cement, jewellery, 

curios, souvenir, medicine and other human benefits (Wells, 1988; Hatcher et at., 

1989; Wilkinson, 1996; Birkeland, 1997). In addition, coral reef ecosystems 

provide a home for many sea organisms (Wood, 1991; Dahuri & Arumsyah, 1994) 

and rank among the largest and oldest living communities of plants and animals 

on earth (Hinrichsen, 1997). 

Because of the economic and social values for human communities, exploitation 

of coral reefs is increasing rapidly and the cost of damage to these resources is 

becoming large. In recent times, many of the world's coral reefs are declining in 
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quantity and quality, with the largest threats being from anthropogenic stresses, 

especially in tropical developing countries. It is likely that these will continue at 

exponential rates as populations are predicted to double in 20-30 years 

(Wilkinson, 1996). Human activities such as overfishing, diving/trampling, 

pollution and change in nutrient level, water quality and sediment load are the 

most important factors for coral reef degradation in the world (e.g. Johannes, 

1975; Chansang et al., 1981; Dahi, 1985; Hatcher et al., 1989; Hopley & Choat, 

1990; Stafford-Smith, 1992; Richmond, 1993; McManus, 1996; Wilkinson, 1996; 

Hinrichsen, 1997; McCook, 1999). Therefore, understanding the effects and 

consequences of human activities on coral reef environments and organisms are 

important for reef conservation and management. In these cases, reef key species, 

including macroalgae (seaweeds) should be major priorities. 

1.1.2. The role of seaweeds in coral reef ecosystems 

Seaweeds (macroalgae) are macrobenthic marine algae which, either by 

themselves or collectively, form macroscopic units potentially visible to the naked 

eye (Morrissey, 1980; Trono, 1997) and form a conspicuous component of 

shallow marine environment (e.g. Tsuda, 1972; Ngan & Price, 1980; Mather & 

Bennett, 1984; Abbott & Santelices, 1985; Price, 1989; Womersley, 1990; Done, 

1992; Cortes, 1993; Shulman & Robertson, 1996). They are usually divided into 

three major groups, or divisions: the red algae (division Rhodophyta), the brown 

algae (division Phaeophyta) and the green algae (division Chlorophyta) 

(Calumpong & Meñez, 1997; Karleskint, 1998; Sumich, 1999). In more advance 

forms the body of a seaweed commonly called thallus is differentiated into 

holdfast (root-like or attachment organs), stipe (stem-like organs) and the blade 

(leaf-like organs) (Price, 1990; Trono, 1997). 

By comparison with hermatypic corals, macroalgae are not always a conspicuous 

element of reef biota. However, the assumption that standing crops of the algae on 

coral reef ecosystems are always low is incorrect when considered in relation to 
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the whole spectrum of coral reef structural formations. An example of this is that a 

number of fleshy macroalgae frequently dominate coral reefs, particularly on 

fringing reef flats (e.g. Womersley & Bailey, 1970; Doty, 1974; Marsh, 1976; 

Horstmann, 1983; Orme, 1985; Atmadja & Sulistijo, 1989; Price, 1989; Cribb, 

1990; Verheij & Prud'homme van Reine, 1993; Ferns, 1995; Schaffelke & 

Khimpp, 1997; Wynne & Thinh, 1997). 

The occurrence of seaweeds is a critical aspect of the ecologicallenvironmental 

and economic/social value of many tropical reefs. Ecologically, seaweeds are 

extremely important in coral reef assemblages as primary producers (Mann, 1973; 

Hillis-Colinvaux, 1974; Wanders, 1976; Calvin & Ellis, 1978; Morrissey, 1985; 

Hatcher, 1988; Resenberg et al., 1995; Gattuso et al., 1997) and reef builders 

(Mann, 1973; Doty, 1974; Drew, 1983; Littler & Littler, 1984; Borowitzka & 

Larkum, 1986; Cribb, 1990; Klumpp & McKinnon, 1992). Other ecological 

functions where seaweeds may play an important role are in the cycling of various 

materials, the control of space or surface, and as bioindicators of natural and 

anthropogenic contaminants (Dahl, 1972, 1974; Phillips, 1977; Levine, 1984; 

Guilizzonii, 1991; Vasquez & Guerra, 1996; Blomster et al., 1998). In addition, 

certain species of seaweeds can form dense mono- or multi-specific stands on reef 

flats and slopes in the tropics (Morrissey, 1980; Halija, 1996; Sundu et al., 

1 997b), provide habitats for many groups of organisms (Neushul, 1972; Dahi, 

1973; Doty, 1974; Calvin & Ellis, 1978; De Wreede, 1983; Duggins et al., 1989; 

Martin-Smith, 1993a) both in situ and as beach cast wrack (Walker & Kendrick, 

1998) and their fronds and holdfasts serve as areas for spawning and larval 

settlement and as shelter against predation and water movement (Morton, 1992; 

Vásquez, 1999). 

Seaweed on coral reefs is economically extremely important in many developing 

countries. In Chile, seaweeds have been exploited for over 30 years and the 

production has ranged from 74,000 to 229,000 wet metric tons per year during the 

last fourteen years (Norambuena, 1996). South (1993a) reported that, in 1989 
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alone, the Philippines produced 65,600 metric tones of Eucheuma species 

(Rhodophyta), worth tens of millions of dollars. The "Non" (Porphyra) industry 

probably turns over more than 1,000 million dollars per year (McLachlan, 1982). 

Japan and Korea export about 2,500 tons (worth 5.3 million dollars) of dry "Tsu-

Tsai (Porphyra) and kelp to Taiwan every year (Wang & Chiang, 1994). In 

Eastern Indonesia (e.g. in Maluku), seaweeds have been harvested naturally by 

traditional insular fishers for export or domestic markets (Hatta & Purnomo, 

1994). In other countries such as Australia, China, Fiji, India, Malaysia and 

Taiwan, edible and economic seaweeds have been found to grow naturally in coral 

reef or adjacent areas and some of them have been harvested for several purposes 

to increase income (Johnson, 1967; Chapman & Chapman, 1980; Crane, 1981; 

Xia & Abbott, 1987; Womersley, 1990; Hashim & Saat, 1992; South, 1993a; 

Wang & Chiang, 1994; Kaliaperumal & Kalimuthu, 1997; Selvaraj & Selvaraj, 

1997). 

1.2. Commercial uses of seaweeds 

The commercial, or economic, use of seaweeds is not a recent phenomenon. 

Ethnic people have used seaweeds or their extracts for thousands of years. The 

Chinese people used seaweeds for both food and medicine since at least 2000 BC 

(Xia & Abbott, 1987). As a result of increasing interest in phycology and the 

development of new technologies, the utilisation of seaweeds has become more 

widespread and greater economic importance than ever before (Wang & Chiang, 

1994). 

The use of seaweeds as food is possible as they contain reasonable amounts of 

major elements needed for humans, particularly carbohydrates, proteins, lipids, 

vitamins and minerals (e.g. Karyadi, 1991; Qani & Qasim, 1993; Rao et al., 1994; 

Fleurence et al., 1995; Tharanathan, 1995; Castrogonzalez et al., 1996; 

Vaskovsky et al., 1996; Yamada et al., 1996; Robledo & Pelegrin, 1997). 
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Varieties of seaweeds in the divisions of Phaeophyta (browns), Chiorophyta 

(greens) and Rhodophyta (reds) find use as foods although the browns and reds 

predominate (Nisizawa, 1987). As foods, several seaweeds can be eaten as fresh 

whole pieces such as Asparagopsis taxiformis, Caulerpa racemosa, Codium, 

Eucheuma and Gracilaria (Bersamin et al., 1970; Nisizawa, 1987; Abbott, 1996). 

Seaweed species of Hizikia, Lam maria, Palmaria, Porphyra, Sargassum and 

Undaria are also used as human food, but mainly as dried food (Dawson, 1966; 

Lu & Tseng, 1983; Nisizawa, 1987; Yamanaka & Akiyama, 1993; Abbott, 1996). 

The utilisation of seaweeds as medicine is almost as old as their food uses, 

especially in China and Japan. The Chinese have used Sargassum and various 

species belonging to Order Laminariales for treatment of goiter and other 

glandular troubles from earliest times (Dawson, 1966). The Japanese have long 

included seaweeds in their meals and this relatively high consumption (5 to 65 

gramlday) has been linked to low rates of breast cancer in women (Karyadi, 

1991). Agarophytes, produced mainly from China and Japan, have probably been 

used most widely and for the longest time for medical applications (Dawson, 

1966). 

As a result of increasing interest in the study of phycology and new technology 

development, the application of seaweeds in various medicinal purposes is 

becoming widespread and greater than ever before. Sekine et al. (1995) has 

demonstrated that the crude water extract from red seaweed Digenea simplex acts 

against anti-human immunodeficiency virus (HIV). The extracts of the Canadian 

species, Analipusjaponicus, and the Korean species, Codium fragile, also showed 

antiviral activities, making them a potential source of bioactive substances (Kim et 

al., 1997). In last few decades, seaweeds have been reported by many authors to 

be excellent resource for chemical compounds with antibiotic activity andlor 

pharmacological application (e.g. Chapman & Chapman, 1980; Dawes, 1981; 

Baker, 1984; Reichelt & Borowitzka, 1984; Harlin, 1986; Atmadja, 1992). 
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After human consumption, the next most valuable commercial use of seaweeds is 

as raw material for the extraction of phycocolloids, particularly algin, carrageenan 

and agar (Hanisak, 1998). Of the phycocolloids from seaweeds, algin or alginic 

acid is the largest amount used (Abbott, 1996). The most important sources are 

species of Ascophyllum, Macrocystis and Lam maria mainly from China, the 

United States, Chile and Japan (McHugh, 1987; Borowitzka & Borowitzka, 1990). 

Algin or alginates mainly used in food gels and bakery products, textile printing, 

paper, welding rods, pharmaceutical, cosmetics, pesticide/insecticide, ceramics, 

controlled release of chemicals, binder for fish feeds, release agents and medical 

dressing (e.g. McDowell, 1960; Cottrell & Kovacs, 1980; McLachlan, 1985; 

McHugh, 1987; Borowitzka & Borowitzka, 1990; Abbott, 1996; Asian, 1998; 

Indriani & Sumiasih,1999). 

Carrageenan is mainly used in food applications such as pasteurized and sterilized 

milk products, stabilized ice cream, chocolate, sherbets, frozen desserts, whipped 

products, mixed with pudding, frostings, baker's jellies, sauces, syrups and fried 

with meat (Dawson, 1966; Chapman & Chapman, 1980; McLachlan, 1985; 

Stanley, 1987; Wang & Chiang, 1994; Sadhori S, 1995; Abbott, 1996; Deruiter & 

Rudolph, 1997). It is also used in pharmaceutical applications, cosmetic industries 

and in coatings such as paints and inks (McLachlan, 1985; Glicksman, 1987; 

Abbott, 1996). Seaweeds as sources of carrageenan known as carrageenophyte are 

mainly from red seaweeds (Rhodophyta). The major source is Chondrus crispus 

(Dawson, 1966; Stanley, 1987; Indriani & Sumiasih, 1999), but this seaweed can 

not grow and survive well in high temperature, so their distribution is limited. 

Agars are used in foods and in microbiological media as a gelling agent, but very 

little is used for industrial applications. In the human food industry, agars are 

mainly used to gel or stabilise, to thicken and to control viscosity; therefore they 

are important in confectionery products, bakery, puddings, marmalade 

productions, creams products, preparation of canned meats, fish and fruit jelly as 

well as a clarifying agents in beers and wines (Selby & Wynne, 1973; McLachlan, 
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1985; Glicksman, 1987; Armisen & Galatas, 1987; Asian, 1998). As 

microbiological media, agar is mainly used as a gelling (Glicksman, 1987; 

Calumpong & Meflez, 1997). The main source of agar is Gracilaria; which is only 

grown and harvested in countries such as China, Chile, Fiji, Korea, India, 

Indonesia and Philippines (Santelices & Doty, 1989; South, 1993b; Hatta & 

Pumomo, 1994; Calumpong & Meñez, 1997; Kaliaperumal & Kalimuthu, 1997; 

Sohn, 1999). 

Seaweeds are not only applicable as human foods and medicines and as source of 

phytochemical products (phycocolloids), but they are also used for a variety of 

other purposes. In different parts of the world, seaweeds are used as animal feed 

and fertilizer, as they contain carbohydrates, fatty acids, vitamin and numbers of 

trace elements as well as numerous bioactive substances (Chapman & Chapman, 

1980; Silas et al., 1986; Kaliaperumal, 1993; Hong et al., 1995; Ventura & 

Castanon, 1998). 

1.3. Responses of seaweeds to sedimentation 

Sedimentation is naturally occurring phenomenon, such as that resulting from the 

1992 Flores tsunami in Indonesia (Minoura et al. 1997), and is also caused by 

human activities. Increased sediment load in the water colunm by human activities 

such as dredging, land clearing, coastal development, drilling, construction, 

forestry and agriculture are the main effects (Dodge & Vaisnys, 1977; Bak, 1978 

Hodgson & Dixon, 1988; Hopley & Choat, 1990; Arakawa & Matsuike, 1992; 

Raaymakers, 1994; Larcombe et al., 1995) and has continued to be the major 

threat of coral reefs in many regions (e.g. Johaimes, 1975; Chansang et aL, 1981; 

Dahl, 1985; Hatcher et al., 1989; Rogers, 1990; Stafford-Smith, 1992; Ginsburg, 

1993; Benson et al., 1994). 

The role of sedimentation as a major physical factor causing the deterioration of 

marine environments and communities has been emphasized by ecologists (e.g. 
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Mills, 1975; Littler et al., 1983; Jumars & Nowell, 1984; Stemacek, 1984; 

Hubbard, 1986; Macintyre, 1988; Rogers, 1990; Wittenberg & Hunte, 1992; 

Hatcher et at., 1994; Konar, & Roberts, 1996; McClanahan & Obura, 1997; 

Walker & Kendrick, 1998). Many authors have reported critical effects of 

sedimentation on many aspects of coral biology and ecology, such as recruitment, 

growth and survival (e.g. Loya, 1976; Bak, 1978; Sheppard, 1980; Rogers, 1983; 

Pastorok & Bilyard, 1985; Yamazato, 1987; Brown et at., 1990a; Hodgson, 1990; 

Stafford-Smith, 1992; Riegi, 1995; McClanahan & Obura, 1997). Several 

investigators have also found detrimental effects of sedimentation on fishes 

(Galzin, 1981; Bruton, 1985; Potts et at., 1988; Harmelin-Vivien, 1992), molluscs 

(Catterall et al., 1992; Hatcher et at., 1994; Ward & MacDonald, 1996), and 

higher marine plants (Kirkrnan, 1978; Pringle, 1989; Shepherd et at., 1989; 

Larkum & West, 1990; Quarnmen & Onuf, 1993; Onuf, 1994; Long et at., 1996). 

Sometimes, the impacts of sedimentation on corals and other marine animals 

seem positive, no effect, localised or negligible. A positive effect of 

sedimentation on marine animals has been reported by Allan & Maguire (1994) 

where they found significantly increase growth of prawn Metapenaeus macleayi 

in aquaria with sediment. Al Ameeri & Cruz (1998) have found an addition of 

sand substratum in fiberglass tanks to enhance the growth rate, but not the 

survival of shrimp Penaeus semisulcatus. 

Based on a brief qualitative survey, Marzalek (1981) suggested that no mass 

mortality of hard corals had occurred after large-scale dredging off Florida, USA. 

Sheppard (1980) reported that increased sediment load by dredging activities in 

Diego Garcia Lagoon area have resulted in a variable and low coral cover but no 

reduction in coral diversity. Limited or no effect of sediment deposition have been 

reported on behaviour of the sea stickleback Spinachia spinachia (Potts et al., 

1988), on egg production rates in copepod Acartia tonsa (White & Dagg, 1989) 

and on total species and individual numbers of polychaetes and amphipods (Wu & 



Shin, 1997). A resistance of eggs and larvae of both striped bass Morone saxatilis 

and white perch Morone americana has been reported by Morgan et al. (1983). 

Generalising about the effects of sedimentation on seaweeds is even more 

difficult. Responses range from the disappearance of species to no detectable 

effects. The effect of sedimentation on distribution, diversity, cover and 

abundance of seaweeds has been recognized by ecologists (e.g. Kitching et al., 

1934; Ebling et al., 1960; Norton et al., 1977; Emerson & Zedler, 1978; Stewart, 

1983; Taylor & Littler, 1982; Foster, 1985; Menge & Sutherland, 1987; Kendrick, 

1991; Santos,1993). 

Reduction in several ecophysiological aspects of certain species or genera of 

seaweeds subjected to high sediment loading has been demonstrated both in 

laboratory and field studies by many investigators. These include Macrocystis 

recruitment (Neushul et al., 1976), propagule attachment of Macrocystis pyrfera 

(Devinny & Volse, 1978), thallus size and reproductive capability of Sargassum 

sinicola (Espinoza & Rodriquez, 1987), biomass of Fucus (Vogt & Schrarnm, 

1991), zoospore insertion and gametophyte germination, survival and maturation 

of Undaria pinnatfida and Ecklonia cava (Arakawa & Matsuike, 1992); 

abundance of Cryptopleura and Gigartina (Konar & Roberts, 1996), growth of 

Laminaria saccharina (Lyngby & Mortensen, 1996), growth of Polysiphonia 

setacea and recruitment of Gffordia (Airoldi & Cinelli, 1997), thallus growth and 

survival of Gracilaria arcuata (Umar, 1997), vegetative regeneration of 

Sargassum hystrix and Gracilaria blodgettii (Umar et al., 1997) and recruitment, 

growth, survival and vegetative regeneration of Sargassum micropyllum (Umar et 

al., 1998). These sediments can carry pollutants which affect seaweeds (Abu-

Hilal, 1994; Walker & Kendrick, 1998). Sediment deposition and accumulation 

may also contaminate by toxic chemicals from industrial wastes, such as bromine 

and uranium. Andersson et al. (1992) and Abu-Hilal (1994) have demonstrated 

deleterious effect of sediment contaminated by bromine on Fucus zygote 

development and by uranium on benthic communities including seaweeds, 
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respectively. Walker and Kendrick (1998) state that the combined effects of 

sedimentation and pollution not only affect seaweed survival, but also 

have critical effects on growth and reproduction. 

In contrast no effects, or in fact even for positive effects, of sedimentation on 

seaweeds are sometimes reported. Positive correlation between abundance 

or cover of certain seaweeds and high rates of sediment load have been reported 

by several authors including D'Antonio (1986), Catterall et al. (1992), Cortes 

(1993), Airoldi et al. (1995), Gorostiaga & DIez (1996), Konar & Roberts (1996) 

and Phang et al. (1996). On rocky coastal area of the Ligurian Sea (western 

Mediterranean Sea), which are characterised by high rates of sediment deposition 

and movement (Airoldi et al., 1996), seaweed composition and structure as well 

as recruitment of some species were not significantly affected by sedimentation 

(Airoldi & Cinelli, 1997). 

1.4. Review of studies of seaweeds in Darwin (Australia) and Kupang 

(Indonesia) regions 

In comparison with the present status on our knowledge of seaweeds of eastern, 

southern and western Australia, knowledge of seaweeds occurring on the coast of 

northern Australia, particularly in Darwin region is very limited (Wynne & 

Thinh, 1997; Huisman et al., 1998). In the northern coast of Australia, studies of 

seaweeds date back to Sonder (1871). Since then, various studies on taxonomy 

and systematics of seaweeds have included data collection on Northern Territory. 

These include studies reported by Womersley (1958) and Withell et al. (1994). A 

very useful lists of seaweed species for Northern Territory has compiled by Lewis 

(1984, 1985, 1987). 

There have been limited studies of seaweeds of the coast of Darwin. In the study 

of seaweed-mangrove association, King and Puttock (1989, 1994a, b) include 

data from Lee Point. And there are recent studies by Ferns (1995) and Wynne and 
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Thinh (1997) on the community structure and identification of seaweeds, on the 

coast of Darwin. 

The study of seaweeds in eastern Indonesia has lagged behind that in western 

Indonesia, particularly in East Nusa Tenggara province. In recent years, there are 

several seaweed studies in this province which involve a wide range of scientific 

disciplines, but none of them have been published in scientific publications. These 

include taxonomy and systematics (Halija, 1996; Arsyad, 1998, Jamiruddin, 

1999), community structure, distribution and species diversity (Sundu et al., 

1997a, b), sedimentation effect (TJmar, 1997; Umar et al., 1997); species 

abundance (Benggu, 1997; Kedoh, 1999) and habitat preference (Boymau, 1999). 

1.5. Basis and objectives of the present study 

Overexploitation of marine and coastal resources will cause problems for marine 

and coastal ecosystems. Human activities such as deforestation, land clearing, 

coastal development, construction, mining, drilling and dredging can result in an 

increased sediment load reefs. Over the past decade, there have been considerable 

signs that many coral reefs in the world are becoming or already degraded due to 

sedimentation (Johannes, 1975; Chansang et al. 1981; Pastorok & Bilyard, 1985; 

Hatcher et al., 1989; Stafford-Smith, 1992). It has been proposed that high 

seaweed cover or abundance is one of the signs of reef degradation (Catterall et 

al., 1992; Done, 1992; Cortes, 1993; Hughes, 1994; Shulman & Robertson, 1996; 

McCook, 1999), however few surveys as well as baseline ecological or 

physiological studies have tested whether an increase of seaweeds on intertidal 

nearshore fringing reefs is a direct or indirect effect of sedimentation. 

Most experimental work has focused on the effect of sedimentation on coral and 

other reef animals (e.g., Loya, 1976; Bak, 1978; Sheppard, 1980; Amesbury, 

1981; Gaizin, 1981; Brown & Howard, 1985; Yamazato, 1987; Hatcher et al., 

1989; Pringle, 1989; Rogers, 1990; Catterall et al., 1992; Stafford-Smith, 1992; 
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Wittenberg & Hunte, 1992; Riegi, 1995; McClanahari & Obura, 1997). In 

contrast, very little work has been done on the effect of sedimentation on algae, 

particularly macroalgae (seaweeds) and most studies have been correlative rather 

than experimental. More rigorous, comprehensive studies are therefore needed to 

quantify the response of seaweeds to sedimentation. Such studies should consider 

the effect of sedimentation on dominant or abundant, ecologically and 

economically important species. 

Sedimentation has been reported to influence distribution, abundance, diversity, 

structure and development of seaweeds (e.g. Ebling et al., 1960; DeWreede, 1973; 

Devinny & Volse, 1978; Stewart, 1983; McCourt, 1984; Ang, 1985a; Espinoza & 

Rodriquez, 1987; Saritos, 1993; Airoldi & Cinelli, 1997). However, most of these 

studies were done on subtidal seaweed assemblages in temperate or subtropical 

regions. To date, only one known study demonstrates experimentally effects of 

sedimentation on seasonal stages, and all the major life history stages of seaweed, 

within intertidal tropical region (Umar, 1995; published later in Umar et al., 

1998), but this study only tested one species (i.e. Sargassum microphyllum C. 

Agardh) at one location of a nearshore fringing reef. 

The present study aims to examine the impacts of sedimentation on tropical 

seaweeds. The study investigates seaweed seasonality and its relation to sediment 

deposition and other environmental factors, and experimentally tests the effects of 

degree of sediment load on recovery, recruitment, vegetative regeneration, growth, 

survival and degeneration of dominant or abundant species of intertidal seaweeds. 

These studies involve some common important species on two regions (Darwin 

and Kupang) and six locations of nearshore fringing reefs (see chapter 2 sections 

2.1.1 and 2.1.2). The seasonality of seaweeds and their relation to sedimentation 

and other environmental factors was carried out by sampling over a period of 16 

months in each of the six locations. In each regions, the effects of sedimentation 

on recovery, recruitment and vegetative regeneration of seaweeds were examined 

during a 12 month periods of field experiments. To tests the effects of 
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sedimentation on growth, survival and degeneration of seaweeds, field 

experiments in 6 month periods in each regions were done. 

The experiments in this study should contribute significantly to understanding the 

potential effects of reef communities of altered conditions of sedimentation, such 

as that arising from the dredging of the approaches to Darwin and Kupang 

Harbours. Sedimentation is also intimately related to water quality, which is an 

important environmental and management concern in coral reefs. 



CHAPTER 2 

THE STUDY SITES AND ENVIRONMENTAL PARAMETERS 

2.1. The Study Sites 

Two regions were selected for comparative studies: Darwin, Northern Territory, 

Australia (latitude 12026'S, longitude 130051'E) and Kupang, East Nusa Tenggara, 

Indonesia (latitude 10010'S, longitude 123037'E). In each region, three locations were 

selected for study. 

2.1.1. Darwin region 

The climate in Darwin region is wet-dry tropical. Rainfall is strongly seasonal, with 

most rain falling between November and March. Relative humidity is also seasonal, 

but not as strongly as rainfall. There is a strong correlation between seasonal patterns 

of rainfall and relative humidity fluctuations. Ferns (1995) recorded both highest 

daily rainfall (400 mm) and relative humidity (75%) in January and lowest daily 

rainfall (0 mm) and relative humidity (50%) in July. The strongly seasonal rainfall 

can also affect the turbidity, organic phosphorus and soluble nitrogen of coastal water 

around Darwin coast as a consequence of land runoff (Wrigley et al., 1990). 

Air temperatures in this region are similar throughout the year. Monthly mean air 

temperatures recorded from Darwin airport ranged from 22.24 to 32.88°C in the dry 

season (May to September) and from 25.34 to 32.84°C in the wet season (October to 

April) (Bureau of Meteorology, 1998). 

For the Darwin coast, the tidal regime is macrotidal, with semi-diurnal inequality 

(Ferns, 1995). The maximum and minimum spring tidal range are 7.92 in and 0.02 in 

respectively (Department of Transport & Works, 1998). Time of occurrence of the 

lower daily spring tides changes through the year. From September to March (mainly 
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wet season), these occur during the day between 1000 to 1600 hr, but from April to 

August (mainly dry season), they occur at night between 2200 to 0400hr. 

Darwin harbour is a na coast formed by the post-glacial marine flooding of a 

dissected plateau (Ferns, 1995). Subsequent sedimentary infill has resulted in the 

formation of numerous open oceanics, embayments and nverine charmels (Semeniuk, 

1985). Wrigley et al. (1990) and Padovan (1997) described and discussed some of 

the physical, chemical and biological environments of this harbour. 

In this region, three locations were selected as study sites: East Point Reserve, 

NightCliff Bay and Farmie Bay. These study sites are all on the northeastern of 

Darwin harbour (Figure 2.1). 

The East Point Reserve, which is located approximately eight kilometers northwest of 

Darwin city (latitude 12024.3'S, longitude 130°49.2'E), has both rocky shore and 

fringing reef, an uncommon feature around Darwin Harbour. During low tides, the 

rocky shore extends approximately 80 meters from the shoreline to the upper of the 

fringing reef. The bottom of the fringing reef, which extends for up to 200 meters at 

lowest spring tides, is a veneer class coral-built platform backfilled with numerous 

types of sediment or sand and coral nibbles. There are two main features of the reef: a 

plateau and shallow tide pools. The study sites were mainly on the shallow tide 

pool edges which are fully emersed for short periods (1 to 2 hours) during spring low 

tides, but not at all during neap low tides. 

The NightCliff Bay site (latitude 12°23.1'S, longitude 130°50.7'E), which is 

approximately 5 kilometers northeast from the East Point Reserve, also has rocky 

shore and fringing reef Although the fringing reef in this beach is broader than at the 

East Point Reserve, their features are very similar. During spring low tides, the 

fringing reef in NightCliff Bay extends seaward to approximately 500 meters. Based 

on surface features, sediment characteristics and community composition, the reef 

can be separated into four major zones: the back-algal flat or back bare reef flat, the 
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inner reef flat, the reef flat proper and the outer algal reef and sand bar (Ferns, 1995). 
The study site was mainly on the back algal flat and the inner reef flat. These areas 

are fully emersed for 2 to 3 hours during spring low tides and 1 hour or less during 

neap low tides. 

The study site in Fannie Bay (latitude 12°25.7'S, longitude 130°50.2'E) is located 

between the East Point Reserve and Darwin City. The bottom of the beach has a sand 

flat which extends to approximately 150 meters at low spring tides from the shoreline 

to a boulder bar. The study site was in the vicinity of the boulder bar which is fully 

emersed 3 to 5 hours during spring low tides and less than 2 hours during neap low 

tides. This study site, unlike the two previous study sites, has gravel and shell (mainly 

oyster shell) substratum. 

2.1.2. Kupang region 

The climate of the Kupang region is essentially the same as that of the Darwin region 

(information on the local climatology has been supplied by the Penfui Climatology, 

the Naibonat Climatology Station, unless otherwise stated). The climate of the region 

is characterized by marked seasonality in rainfall. The average annual rainfall, as 

recorded at Kupang Bay, is 1,439 mm. The majority (> 1000 mm) of the annual total 

falls in the wet season from November to April. The strong seasonality in rainfall in 

this region can cause localized seasonal changes in shallow inshore water salinity and 

turbidity as a consequence of land runoff. 

Relative humidities, air temperatures and wind velocities are generally high. The 

fluctuations both of relative humidities and air temperatures seem to follow seasonal 

patterns of rainfall, highest in wet season (respectively, 86.3 7% average in February 

and 28.85°C average in November) and lowest in dry season (respectively, 62.8% 

average in September and 26.43°C average in July). In contrast, wind velocities are 

generally higher in dry season (13 hf 1  average in July) and lower in wet season 

(6.23 km hr average in December 
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The tidal regime for the Kupang Bay is similar to Darwin harbour where spring tides 

alternate regularly with neap tides. The highest and lowest mean spring tide ranges 

are 21 in and 3 in respectively (Indonesian Navy, 1998). A seasonal change in the 

time of occurrence of the daily lower low water spring tides also occur in this region. 

In the wet season (October-March) they occur during the night to early morning 

(0300hr-0800hr), while lower low waters occur in the afternoon to the evening 

(1400hr-2000hr) in the dry season (April-September) 

Three study sites were selected in this region: Paradiso Bay, Bolok Bay and 

Tablolong Bay. They are located on the northwestern of the Kupang Bay (Figure.2.2). 

The study sites are all of the fringing types. 

The Paradiso Bay site (latitude 1007.3S,  longitude 123°37.5'E), which is located 

approximately five kilometers northeast of Kupang city, has both sand flat and 

fringing reef flat. The reef flat extends approximately 155 meters at low spring tide 

from the edge of sand flat to the outer edge of reef flat. At least three main zones 

can be found in this reef flat: the back bare reef flat, the irmer reef flat and the reef 

flat proper. The inner reef flat was chosen as sampling site because it was an easily 

accessible and many algal species were abundant. The sampling site is a coral-built 

platform covered with sediments and reef debris. At lower low water spring tides, the 

site is fully emersed up to 3 hours, but less than 1 hour during lower low water neap 

tides. 

The Bolok Bay (latitude 10°14.2'S, longitude 123°28.6'E) which has rocky shore and 

fringing reef, is situated approximately twelve kilometers southwest of city of 

Kupang. The rocky shore has large boulders with sand on the sea floor. The fringing 

reef flat was chosen as the sampling site, on the seaward side of the rocky shore, at 

about 35 meters from the high tide mark. The whole sampling site is devoid of shell, 

gravel, coral debris or any type of sediments and in several places, seagrasses are 

dominant. This study site is fully emersed for more than 1 hour and up to 5 hours 

during lower low water neap and spring tides respectively. About 1.5 kilometers from 
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the study (sampling) site, there is a ferry harbour (known as Bolok harbour). This 

harbour is mainly used by small ships for public transportation within the province of 

East Nusa Tenggara. 

The Tablolong Bay study site (Latitude 10022.4'S, longitude 123°25.3'E) which is 

located at the southwest end of Timor Island has a relatively well developed fringing 

reef flat, with diverse hermatypic corals and benthic algal biota. The northeastern part 

of the reef flat includes several shallow tidal pools and low, flat-topped microatolls. 

The sampling sites were established on these microatolls, where seaweeds were the 

predominant organisms. During lower low water spring tides, most of these 

microatolls are above water for short periods (1-2 hours), but not during lower low 

water neap tides. The microatoll sampling sites are coral-built platform substrata and 

usually covered in a thin deposit of fine and coarse sediments. 

2.2. Environmental Parameters 

2.2.1. Methods 

2.2.1.1. Water quality 

At each site, surface water quality was measured monthly for 16 periods during high 

water spring tides. In the Darwin region, temperature, salinity, conductivity, pH, 

dissolved oxygen and turbidity were measured using Horiba Water Quality Checker 

U-i 0. In Kupang Region, surface water temperature, salinity and conductivity were 

measured with SCT meter, pH was measured with pH meter and dissolved oxygen 

was measured using DO meter. All the instruments were calibrated on the morning of 

the day of use and were re-checked on return to the laboratory according to the 

manufacturers' directions. 
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2.2.1.2. Sediment 

Sedimentation rates over the seaweed populations were measured using a trap system 

of plastic cylindrical containers. Each container had a diameter of 9.3 cm and height 

of 8.5 cm. Between ten and fifteen containers were set in each study site secured by 

stainless steel screws inserted into the substratum. In the end, only five containers 

were used to estimate sedimentation rate because some placed containers were lost. 

Containers were placed in position during low water spring tides in wet and dry 

seasons (in December 1997 and June 1998 for the Darwin region and in December 

1998 and June 1999 for the Kupang region). They were retrieved after 12 to 15 days 

by carefully removing the stainless steel screws, also during low water spring tides. 

Lids were placed on the containers which were then transported to the laboratory for 

weighing of their sediments. 

Sediment variables, particle size distribution, loss on ignition and pH, were also 

measured. Sediment samples were collected from the substratum, at five places in 

each site. Sampling were also carried out during low water spring tides both in wet 

and dry seasons (in January and July 1998 for Darwin region and in January and July 

1999 for Kupang region). 

In the laboratory, sediment particle size distribution was measured by sieving and 

weighing randomly collected samples for the following sizes: clay and silt (<20 jim), 

fine sand (20-200jim), coarse sand (200-2000jim) and gravel (> 2000jim). Before 

sieving and weighing, sediments were oven-dried at 105°C for 24-2 8 hours. Loss on 

ignition, which approximates the amount of organic matter (Hakanson & Jansson, 

1983), was measured by weighing loss (%) of oven dried sediment after 24 hours at 

550°C. Sediment pH was measured with method for soil pH in water (Peech, 1965). 

Data for sedimentation rate, sediment pH and loss on ignition of sediment from 

Darwin and Kupang regions were analysed separately using Statistica Version 5.1 
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software. Two way analyses of variance (ANOVA) were done with the first factor 

being site and the second factor being time. 

2.2.2. Results 

2.2.2.1. Water Quality 

Temperatures in the surface waters of each study site were similar, but varied 
between months or seasons (Figure 2.3). High and low temperatures for all sites 
occurred in wet and dry seasons respectively. In the Darwin region, temperatures 
were highest in the month of February 1998 (32.0°C) at East Point Reserve and 

lowest in the months of June and August 1998 (26.2°C) at NightCliff Bay. For the 
Kupang region, both highest and lowest temperatures occurred at Tablolong Bay; 

highest in the month of March 2000 (3 1.7°C) and lowest in the month of July 1999 

(25.5°C). 

In contrast to water temperatures, salinity at all sites was high in the dry season and 
low in the wet season (Figure 2.4). Salinity records within the Darwin region were 
strongly seasonal; maximum in October 1998 (39%o) and minimum in March 1998 
(30%o). In the Kupang region, salinity was also seasonal, but not as strongly as in the 
Darwin region. Highest salinity was recorded in October 1998 (35.5%o) and lowest in 
February 1999 (30.1%o). 

Not surprisingly, conductivity followed seasonal patterns of salinity; high in the dry 
season and low in the wet season (Figure 2.5). Within the Darwin region, highest 

conductivity was recorded at East Point Reserve (58.7 mS cm') in October and 

lowest at Fannie Bay (45.8 mS cm') in March 1998. Water conductivities in the 

Kupang region did not fluctuate as much as the Darwin region, recording a range of 

49.7 mS cm 1  in February 1999 and 56.4 mS cm 1  in October 1998, both recorded at 

Paradiso Bay study site. 
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and Kupang (B) region. 
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Figure 2.8. Monthly surface water turbidity at each study site in Darwin region. 

Water surface pH and dissolved oxygen fluctuated, but did not show obvious 

seasonal trends (Figures 2.6 and 2.7). Generally, both pH and dissolved oxygen in the 

Darwin region were slightly higher and more variable than in the Kupang region. In 

the Darwin region, pH and dissolved oxygen varied from 6.46 (NightCliff Bay) to 

9.35 (NightCliff Bay) and from 3.7 mg L' (Fannie Bay) to 10.7 mg L' (Fannie Bay) 

respectively. In the Kupang region, pH and dissolved oxygen varied from 7.51 

(Paradiso Bay) to 7.91 (Bolok Bay) and from 2.34mg L 1  (Bolok Bay) to 5.31 mg L' 

(Bolok Bay). 

No water turbidity measurements were carried out in the Kupang region. Within the 

Darwin region turbidities were not seasonal but very variable, recording a range of -5 

to 12 NTU at NightCliff Bay, -4 to 18 NTU at Fannie Bay and —2 to 14 NTU at East 

Point Reserve (Figure 2.8). 
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2.2.2.2. Sediment 

Mean percent values of sediment particle size distributions recorded in each site at 

two seasons (wet and dry) in the Darwin and Kupang regions are presented in Tables 

2.1A and 2.1B respectively. Coarse sand and fine sand are much higher than those of 

gravel and clay and silt. Fine sand was found to be slightly higher than coarse sand at 

Tablolong Bay study site. In contrast, at five other sites coarse sand was slightly 

higher than those at Tablolong Bay. 

Mean values of sedimentation rate (weight of sediment trapped), sediment pH and 

loss on ignition of each study site at the wet and dry seasons are presented in Table 

2.2A for Darwin region and Table 2.2B for Kupang region. The data indicate that 

containers placed in the Darwin region, generally collected lower sediment than those 

placed in the Kupang region for the same season. Both in the Darwin and Kupang 

regions, containers placed during the wet season trapped more sediment compared to 

containers during the dry season. Highest and lowest sedimentation rates were found 

at Bolok Bay (Kupang region) during the wet season (24.76 g m 2  d) and at East 

Point Reserve (Darwin region) during the dry season (15.40 m 2 d'). 

Statistical analysis shows that sedimentation rate varied significantly between season 

both in the Darwin (Table 2.3A) and Kupang (Table 2.313) regions. No significant 

differences between sites, or interactions between site and time, were found in either 

regions (Tables 2.3A and 2.313). 

Sediment pH at study sites within Darwin region was slightly higher (range 7.96- 

8.11) than those at study sites within Kupang region (range 7.27-7.57). The highest 

(8.11) and lowest (7.27) pH recorded was obtained in the wet season at East Point 

Reserve (Darwin region) and in the dry season at Paradiso Bay (Kupang region) 

respectively. 
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Table 2.1. Sediment particle size distribution collected during the wet and dry 
seasons at each study site in Darwin (A) and Kupang (B) region. The mean and, 
in brackets the standard deviation of five replicate samples. 

A 

Size distribution (%) 

Site Season 
(time) Gravel Coarse Fine Silt and 

sand sand clay 

EastPoint Wet 13.3 (3.2) 43.1 (8.9) 42.4(8.0) 1.2(0.6) 
Reserve Dry 12.7 (3.1) 44.5 (7.0) 41.1 (6.9) 2.8 (1.2) 

NightCliff Wet 12.3 (2.4) 49.0 (9.9) 36.4(10.1) 2.2(1.3) 
Bay Dry 12.6 (3.1) 46.5 (9.2) 39.5 (9.0) 2.3 (0.9) 

Fannie Wet 9.7(2.0) 49.6 (7.4) 38.4 (6.5) 2.3(1.2) 
Bay Dry 10.6(2.0) 45.7(8.7) 41.3(9.1) 2.4(1.0) 

B 

Size distribution (%) 

Site Season 
(Time) Gravel Coarse Fine Silt and 

sand sand clay 

Paradiso Wet 10.1 (2.2) 46.8 (8.3) 40.3 (8.7) 2.8 (1.2) 
Bay Dry 10.0 (2.3) 49.8 (9.9) 37.7 (8.4) 2.4 (0.9) 

Bolok Wet 10.5 (2.8) 47.0 (6.6) 39.5 (6.6) 2.7 (1.5) 
Bay Dry 10.8 (1.5) 45.4 (8.2) 40.8 (7.4) 3.0(1.1) 

Tablolong Wet 9.6(2.2) 40.7 (7.1) 46.2 (6.5) 3.5(1.3) 
Bay Dry 9.4(2.1) 41.6(4.6) 45.9(4.5) 3.1(1.5) 
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Table 2.2. Sedimentation rate, pH and loss on ignition of sediment collected 
during the wet and dry seasons at each study site in Darwin (A) and Kupang B) 
region. The mean and, in brackets the standard deviation of five replicate 
samples. 

A 

Sedimentation Loss on 
Site Season rate pH ignition 

(Time) (g m 2d) (%) 

East Point Wet 20.20 (4.09) 8.11 (0.20) 28.16 (2.06) 
Reserve Dry 15.40 (4.03) 8.08 (0.29) 26.84 (2.19) 

NightCliff Wet 20.54 (3.57) 7.96 (0.13) 29.28 (1.58) 
Bay Dry 15.46 (4.24) 7.98 (0.23) 27.84 (1.61) 

Fannie Wet 19.86 (3.54) 8.08 (0.12) 26.34 (1.69) 
Bay Dry 15.88 (4.83) 8.07 (0.14) 25.48 (1.19) 

Sedimentation Loss on 
Site Season rate pH ignition 

(Time) (gm-) d-J 
) 0 (/o) 

Paradiso Wet 24.64 (6.11) 7.38 (0.21) 32.24 (2.14) 
Bay Dry 18.66 (3.77) 7.27 (0.15) 26.80 (2.70) 

Bolok Wet 24.76 (5.69) 7.57 (0.23) 31.10 (2.79) 
Bay Dry 20.02 (5.10) 7.44 (0.27) 25.78 (2.70) 

Tablolong Wet 23.12 (4.62) 7.30 (0.17) 31.02 (2.23) 
Bay Dry 18.44 (5.45) 7.34 (0.18) 26.84 (2.80) 
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Table 2.3. Two-way analysis of variance (ANOVA) of sedimentation rate, pH 
and loss on ignition of sediment collected in the Darwin (A) and Kupang (B) 
region. 

A 

Source of Cochran's 
Variables variation df MS F-ratio P-value C test 

Sedimentation Site (St) 2 0.103 0.006 0.994 C = 0.228 P> 0.05 
rate Time (Ss) 1 160.083 9.391 0.005 Transformation: nil 

St x Ss 2 0.817 0.048 0.953 
Error 24 17.047 

Sediment Site (St) 2 0.044 1.137 0.337 C = 0.356 P > 0.05 
pH Time (Ss) 1 0.000 0.009 0.927 Transformation: nil 

St x Ss 2 0.002 0.044 0.957 
Error 24 0.038 

Sediment Site (St) 2 17.790 5.791 0.009* C = 0.261 P> 0.05 
loss on Time (Ss) 1 10.920 3.555 0.072 Transformation: nil 
ignition St x Ss 2 0.234 0.076 0.927 

Error 24 3.072 

PIE 

Source of Cochran's 
Variables variation df MS F-ratio P-value C test 

Sedimentation Site (St) 2 6.494 0.242 0.787 C = 0.232 P> 0.05 
rate Time(Ss) 1 197.633 7.362 0.012* Transformation: nil 

StxSs 2 1.346 0.050 0.951 
Error 24 26.845 

Sediment Site (St) 2 0.107 2.462 0.107 C0.288P>0.05 
pH Season (Ss) 1 0.035 0.815 0.376 Transformation: nil 

St x Ss 2 0.020 0.461 0.636 
Error 24 0.043 

Sediment Site (St) 2 2.924 0.442 0.648 C = 0.197 P> 0.05 
loss on Time(Ss) 1 186.003 28.097 <0.001* Transformation: nil 
ignition StxSs 2 1.209 0.183 0.834 

Error 24 6.620 

Significant P values (P < 0.05). 
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Both in the Darwin and Kupang regions, sediment pH did not differ significantly 

between site and between time (Tables 2.3A and 2.3B). There was also no significant 

interaction between site and time for both regions (Tables 2.3A and 2.3B). 

Organic content of the sediment from the Darwin region was slightly lower than 

those from the Kupang region. In both regions, loss on ignition was high in the wet 

season and low in the dry season. The highest mean value recorded was 32.24% at 

Paradiso Bay (Kupang region) in the wet season, whereas the lowest value was 

25.48% at Fannie Bay (Darwin region) in the dry season. 

Loss on ignition of sediment varied significantly between sites in the Darwin region 

(Table 2.3A), but did not in the Kupang region (Table 2.3B). In contrast, the 

measurement differed significantly between season in the Kupang region (Table 

2.3B), but did not in the Darwin region (Table 2.3A). No significant interaction 

between site and time was detected both in the Darwin and Kupang regions (Tables 

2.3A and 2.313). 



CHAPTER 3 

SEASONAL VARIATION IN COVER OF SEAWEED AND ITS RELATION 

TO SEDIMENT DEPOSITION AND SURFACE WATER QUALITY 

3.1. Introduction 

Seasonal variations in abundance, biodiversity, biomass, chemical composition, 

cover, distribution, growth, phenology, photosynthetic capacity and reproduction 

have been studied for a number of seaweeds (e.g. Black, 1950; Kanwisher, 1966; 

Fletcher & Fletcher, 1975; Chapman & Craigie, 1978; McCourt, 1984; Davison, 

1987; Pacheco-RuIz et al., 1992; Leukart, 1994; Pacheco-RuIz & Zertuche-González, 

1996; Nüflez-López & Valdez, 1998; Serisawa et al., 1998). Such studies have not 

only increased our knowledge of potential seaweed resources, but have also made 

significant contributions to establishing management strategies of these important 

reef organisms. There is however, disagreement on many aspects of seasonality 

resulting in several questions remaining unanswered: Do the seasonal patterns vary 

between region or type of substratum? Are seasonal cycles driven by environmental 

factor or intrinsic the species themselves? If environmental factors are important, 

which cause these cycles? 

Many seaweed exhibit distinctive seasonal cycles. The environmental factors that 

may affect these cycles have been reported by phycologists. Temperature was 

proposed to be the main factor by many investigators, such as De Wreede (1976) on 

seasonal phenology of Sargassum species, Hatcher et al. (1977) on seasonal carbon 

budget of Laminaria longicruris, Davison & Davison (1987) on seasonal enzyme 

activities of Laminaria saccharina, Pacheco-RuIz et al. (1992) on seasonal growth 

responses and biomass of Gigartina pectinata, Molloy & Bolton (1996) on growth of 

Gracilaria gracilis and Stimson et al. (1996) on seasonal growth rates of 

Dictyosphaeria cavernosa. 
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Seasonal cycles with maximum biomass, growth and reproduction of several 

seaweeds have been found to correlate with high nutrient concentrations and 

increased irradiance (Prince & O'Neal, 1979; Ang, 1985c; Conolly & Drew, 1985a, b; 

Zamorano & Westermeier, 1996; Brown et al., 1997). Other environmental factors 

such as salinity, desiccation, rainfall, pH, hydrodynamic and grazing have also been 

reported to affect seaweed seasonality (e.g. Tsuda, 1974; Santelices, 1977; Aguilar-

Rosas & Galindo, 1990; Thomas & Subbharamaiah, 1991; Stimson et al., 1996; 

Williams, 1996). Published information on seasonal cycles of seaweeds in relation to 

sedimentation is however still very slight until recently (Stewart, 1983; Airoldi et al., 

1995). 

Occurrence of seasonal cycles of seaweeds have been extensively studied by 

ecologists in the tropical region (e.g. Conover, 1964; Tsuda, 1972; Mathieson & 

Dawes, 1974; Hoyle, 1978; Price, 1989; Martin-Smith, 1993b; Vuki & Price, 1994; 

Rogers, 1996, 1997). To date, however, there have been no detailed studies 

investigating seaweed seasonality on fringing reefs in the wet/dry tropics, nor were 

these studies related to sediment deposition or water surface quality parameters. 

The aim of the study reported in this chapter was to investigate the seasonality of 

seaweed cover in the wet/dry tropics, both in the Darwin and Kupang regions. 

Seasonal variations in cover and depth of sediment deposition were also determined 

and these were related to the seasonality of the seaweed cover. The relationship 

between the seasonality of the seaweed cover and water surface quality which involve 

temperature, salinity, conductivity, pH, dissolved oxygen and turbidity as reported in 

Chapter 2 was also assessed. 

3.2. Methods 

3.2.1. Seaweed cover seasonality recording method 

The sampling design was based on two-factor analyses of variance (ANOVA). The 

first factor 'months' allowed comparisons of the seaweed cover throughout the 
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sampling period. The second factor 'site' involved comparisons of three different 

study sites in each region. The study sites selected were NightCliff Bay, Fannie Bay 

and East Point Reserve in the Darwin region, and in the Kupang region were Paradiso 

Bay, Bolok Bay and Tablolong Bay. 

The seaweed cover in this study was recorded by visual estimates of percent cover. At 

each site, 15 replicate 50 x 50 cm quadrats with a 100 point string grid were placed 

randomly to estimate percent cover of the seaweeds. Measurements were carried out 

during low tides for 16 periods (16 months) at each site; from September 1997 to 

October 1998 and March to April 1999 within the Darwin region and from October 

1998 to October 1999 and February, March and April 2000 within the Kupang region. 

This allowed two periods of data recording for each season (the wet and dry seasons) 

at all study sites. 

3.2.2. Sediment deposition and surface water quality recording methods 

The seasonality of sediment deposition in this study was recorded in terms of both 

percent cover and depth of sediment on substrata. These were recorded at each site in 

the same time and in the same quadrat with seaweed cover data recording. Sediment 

cover was recorded by counting the total number of point string grids covered with 

sediment, while sediment depth in term of the thickness of the ambient sediment layer 

was recorded as mean of ten replicate samples in each quadrat using a ruler. These 

measurements were carried out during low tides at 16-month periods for each site. 

Methods and results of measurements of surface water quality data used in this 

chapter were presented in Chapter 2 of this thesis. 

3.2.3. Data analysis 

Data were analysed using Statistica Version 5.1 software. The homogeneity of 

variances of all data sets was tested using Cochran's C test. Since the study was based 
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on the two-factor analyses of variance (ANOVA) model (Zar, 1984; Fowler & 

Cohen, 1997), ANOVA tests were carried out to determine the statistical significance 

of any differences in the total seaweed and individual species cover values for 

different sites and months. To test for seasonal patterns in sediment cover and depth, 

multiple regressions were used to test for significant effects of sites and a 

trigonometric transformation of month [=COS ((month-1)/5.5) *pi)]  A site*time  

term was included in the model to test whether seasonal patterns differed among sites. 

The relationships among biological (total and individual seaweed cover values) and 

environmental (sediment deposition and surface water quality) variables were 

analysed using regression analysis. 

3.3. Results 

3.3.1. Seasonal pattern of seaweed cover 

3.3.1.1. Darwin region 

The total cover of Seaweed 

A two-factor analyses of variance (ANOVA) indicated that there were significant 

differences between sites and significant changes between months in the total 

seaweed cover in Darwin region (Table 3.1). There was also a significance interaction 

between sites and months for the variable (Table 3.1). Overall pattern is the same, but 

the greatest change occurred at Nightcliff Bay, followed at East Point Reserve and the 

smallest change was at Fannie Bay. 

The mean monthly values for the total cover of seaweed at the three sites in the 

Darwin region were higher during the dry season than in the wet season (Figure 3.1). 

The highest mean total seaweed cover values were recorded mostly at the end of the 

dry season (September at Nightcliff Bay and Fannie Bay and October at the East 

Point Reserve), while the lowest values were obtained in March (end the wet season) 
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Table 3.1. Two-way analysis of variance (ANOVA) of the total cover of seaweed 
in the Darwin region. 

Source of Cochran's 
variation df MS F-ratio P-value C test 

Site(St) 2 1739.901 84.023 <0.001*  C0.059P>0.05 
Month (Mn) 15 1159.853 56.011 <0.001*  Transformation: nil 
St x Mn 30 121.626 5.873 <0.001* 
Error 672 20.708 

*significant P values (P < 0.05). 

at all study sites. The highest and lowest mean values of the total seaweed covers 

recorded were obtained for Nightcliff Bay in September 1998 (22.1%) and Fannie 

Bay in March 1999 (2.79%). 

Variation in cover of individual seaweed species 

A two-factor analysess of variance (ANOVA) showed that there were significant 

differences between sites in cover of Amphiroa fragilissima, Anadyomene brownii, 

Caulerpa racemosa, Hydrochlathrus clathratus, Hypnea spp., Rhizoclonium 

riparium, Sargassum decurrens and Spyridea filamentosa (Table 3.2). The cover 

values of Anadyomene brownii, Caulerpa racemosa, Hydrochlathrus clathratus, 

Padina australis, Rhizoclonium riparium, Sargassum and Spyridea filamentosa 

changed significantly between months (Table 3.2). There was also significant 

interaction between sites and months for the Caulerpa racemosa, Hydrochlathrus 

clathratus, Rhizoclonium riparium, Sargassum decurrens and Spyridea filamentosa 

covers (Table 3.2). 
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Figure 3.1. Total seaweed cover recorded monthly from three study sites in the 
Darwin region, expressed as means (±SE) of 15 replicates. 
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Table 3.2. Two-way analysis of variance (ANOVA) of variation in cover of 
individual seaweed species in the Darwin region. 

Source of Cochran's 
Species variation df MS F-ratio P-value C test 

Amphiroa Site (St) 2 1.800 7.000 <0.001 C = 0.045 P> 0.05 
fragilissima Month (Mn) 15 0.283 1.100 0.352 Transformation: nil 

St x Mn 30 0.052 0.202 1.000 
Error 672 0.257 

Anadyomene Site (St) 2 1.233 60.370 <0.001 C0.052 P>0.05 
brownii Month (Mn) 15 0.035 1.713 0.044 Transformation: 

St x Mn 30 0.011 0.561 0.973 logarithmic 
Error 672 0.020 

Caulerpa Site (St) 2 0.401 38.066 <0.001 C0.060 P>0.05 
racemosa Month (Mn) 15 0.023 2.202 0.005 Transformation: 

St x Mn 30 0.018 1.719 0.010 logarithmic 
Error 672 0.011 

Hydrochlathrus Site (St) 2 1.435 38.547 <0.001 C=0.058 P>0.05 
clathratus Month (Mn) 15 0.360 9.656 <0.001 Transformation: 

St x Mn 30 0.095 2.555 <0.001 logarithmic 
Error 672 0.037 

Hypneaspp. Site (St) 2 0.318 10.376 <0.001 C=0.050 P>0.05 
Month (Mn) 15 0.022 0.722 0.764 Transformation: 
St x Mn 30 0.007 0.238 1.000 logarithmic 
Error 672 0.031 

Padina Site (St) 2 0.342 2.472 0.085 C = 0.050 P> 0.05 
australis Month (Mn) 15 2.986 21.574 <0.001 Transformation: 

St x Mn 30 0.056 0.404 0.998 square root 
Error 672 0.138 

Rhizoclonium Site (St) 2 0.441 55.609 <0.001 C=0.061 P>0.05 
riparium Month (Mn) 15 0.081 10.256 <0.001 Transformation: 

St x Mn 30 0.081 10.257 <0.001 logarithmic 
Error 672 0.008 

Sargassum Site (St) 2 10.282 118.968 <0.001 C0.054 P>0.05 
decurrens Month (Mn) 15 0.866 10.023 <0.001' Transformation: 

St x Mn 30 0.259 2.991 <0.001 logarithmic 
Error 672 0.086 

Spyridea Site (St) 2 1.653 88.972 <0.001 C0.059 P>0.05 
Jilamentosa Month (Mn) 15 0.084 4.548 <0.001' Transformation: 

St x Mn 30 0.060 3.236 <0.001' logarithmic 
Error 672 0.019 

*significant P values (P < 0.05). 
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Seven seaweed species found during the study period in this region displayed 
seasonal variations in cover, between periods of the dry and wet months (Figure 3.2). 
These species include Anadyomene brown ii, Caulerpa racemosa, Hydroclathrus 
clathratus, Padina australis, Rhizoclonium rzarium, Sargassum decurrens and 
Spyridea filamentosa. 

Anadyomene brown ii was found frequently both at Nightcliff Bay and the East Point 

Reserve, but it did not appear at Fannie Bay during the study period. The greatest 
cover value recorded occurred in November 1997 and September-October 1998 at the 
East Point Reserve (0.87%) and in September 1998 at the Nightcliff Bay study site 

(0.53%). The lowest cover values recorded at the East Point Reserve were 0.27% in 
February and Apri11998 and 0% (totally absent) in March 1998 at Nightcliff Bay. 

Caulerpa racemosa was not found in Fannie Bay during the study period, rarely at 
Nightcliff Bay, but was more common at the East Point Reserve. Maximum Caulerpa 
racemosa cover occurred in September 1998 (0,73%) at the East Point reserve and 
0.13% at Nightcliff Bay in July and September 1998. 

Hydrochlathrus clathratus was never found at Fannie Bay, but frequently found at 
Nightcliff Bay and East Point Reserve during August to December. It totally 
disappeared during February to May. Mean monthly cover values reached 1.93% at 
East Point Reserve (October 1998) and 1.8% at the Nightcliff Bay (September 1998). 

Padina australis was the dominant species at the three study sites in this region. The 
mean monthly values for cover of this species were strongly seasonal: higher in the 
dry season and lower in the wet season. The highest cover value recorded (7.47%) 
was obtained for Nightcliff Bay in July 1998. The lowest value (0%) was recorded in 
February 1998 (East Point Reserve), in February-March 1998 (Fannie Bay) and in 
March 1998 (Nightcliff Bay). 
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Figure 3.2. Monthly cover of seaweed species that displayed marked seasonal 
variation occurring at the three study sites in the Darwin region, expressed as 
means (±SE) of 15 replicates. 
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Species Rhizoclonium riparium was only found at Fannie Bay. Its pattern of 

seasonality differed to that of the other species: higher during wet season (December 

to May) and lower, or totally absent, in other months (mostly in dry season). 

Maximum cover value was recorded in February 1998 (2.13%). 

Sargassum decurrens was also a dominant species at Nightcliff Bay and the East 

Point Reserve, but it did not occur at Fannie Bay throughout during the study period. 

Maximum mean cover values of this species recorded monthly occurred in September 

(dry season) at the two study sites. The highest cover recorded during the study 

period (6.8%) was at Nightcliff Bay in September 1997. Minimum Sargassum 

decurrens cover occurred in March (wet season) both at Nightcliff Bay and East Point 

Reserve. 

Spyridea Jilamentosa was found occasionally at the East Point Reserve, more 

commonly at Nightcliff Bay, but was never found at Fannie Bay. The greatest mean 

monthly cover values recorded at Nightcliff Bay were 1.73% (September 1997 and 

October 1998) and 0.2% (September 1997) at the East Point Reserve. The lowest 

value (0%) was recorded April-May 1999 at Nightcliff Bay and in December 1997, 

February to June 1998 and March-April 1999 at the East Point Reserve. 

The cover of the four species (i.e. Acanthophora spicifera, Amphiroa fragilissima, 

Gracilaria salicornia and Hypnea spp.) showed less distinct seasonal variation, but 

also tended to a peak during the dry season (Figure 3.3). 

Acanthophora specifera and Gracilaria salicornia were common species at all study 

sites. The greatest mean monthly cover values for Acanthophora specifera (1.87%) 

and Gracilaria salicornia (1.53%) were recorded at the Fannie Bay in October 1997 

and at the East Point Reserve September 1997 and 1998, respectively. 
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variation occurring  at the three study sites in the Darwin region, expressed as 
means (±SE) of 15 replicates. 
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Figure 3.4. Monthly cover of seaweed species that displayed no distinct seasonal 
variation occurring at the three study sites in the Darwin region, expressed as 
means (±SE) of 15 replicates. 
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Amphiroafragilissima and Hypnea spp. were always found during the study period at 

all study sites. Maximum mean monthly cover values for Amphiroafragilissima only 

reached 0.53% in October 1997 and September 1998 and for Hypnea spp. reached 

0.87% in October 1997 and August 1998, both at the East Point Reserve. 

Champia parvula, Neomeris annulata and Tolypiocladia glomerulata were also 

occurred in all study sites, but they were very rare or only found occasionally and no 

seasonality was detected. The mean monthly values for cover of these seaweeds are 

presented in Figure 3.4. 

3.3.1.2. Kupang region 

The total cover of Seaweed 

The total mean cover of seaweed recorded monthly in the Kupang region varied 

between sites and months (Table 3.3). However, there was no interaction between 

sites and months (Table 3.3). 

Mean cover values recorded for all study sites are shown in Figure 3.5. The data 

indicate that higher cover values occurred mostly during dry season and lower values 

occurred during dry season at all study sites. The highest and lowest mean cover 

values were recorded at Paradiso Bay in March 2000 (12.4%) and at Bolok Bay in 

August 1999 (1.93%). 

Variation in cover of individual seaweed soecies 

Statistical analysis showed that eight seaweed species occurred in this region had 

marked seasonal variations in cover (Table 3.4). The mean monthly cover values of 

these species as shown in Figures 3.6 and 3.7 are higher during the wet months than 

in the dry months. 
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Table 3.3. Two-way analysis of variance (ANOVA) of the total cover of seaweed 
in the Kupang region. 

Source of Cochran's 
variation df MS F-ratio P-value C test 

Site(St) 2 0.124 10.030 <0.001*  C=0.048P>0.05 
Month (Mn) 15 0.671 53.914 <0.001*  Transformation: 
St x Mn 30 0.005 0.384 0.999 logarithmic 
Error 672 0.012 

*significant P values (P < 0.05). 

Significance differences between sites were found for the cover of Acanthophora 

spicfera, Amphiroa fragilissima, Anadyomene brownii, Caulerpa racemosa, 

Gracilaria salicornia, Halimeda spp., Padina australis, Turbinaria ornata and Ulva 

reticulata (Table 3.4). A significance interaction between sites and months was only 

found in the cover of Anadyomene brownii (Table 3.4). 

Amphiroa fragilissima was found frequently at all study sites during the study 

periods. The highest cover values recorded were in March 1999 for Paradiso Bay 

(0.4%), in February-March 1999 and March 2000 for Bolok Bay (0.33%) and for 

Tablolong Bay in March 1999 and February 2000 (0.2%) (Figure 3.7). 

Anadyomene brownii was found frequently both at Paradiso Bay and Tablolong Bay, 

but it did not appear at Bolok Bay during the study period. The greatest cover value 

recorded occurred at Paradiso Bay in March 2000 (0.53%) and in February-March 

2000 at Tablolong Bay (0.2%) (Figure 3.7) 
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Figure 3.5. Total seaweed cover recorded monthly from three study sites in the 
Kupang region, expressed as means (±SE) of 15 replicates. 
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Table 3.4. Two-way analysis of variance (ANOVA) of variation in cover of 
individual seaweed species in the Kupang region. 

Source of Cochran's 
Species variation df MS F-ratio P-value C test 

Acanthophora Site (St) 2 1.534 13.158 <0.001' C0.053P>0.05 
spic(fera Month (Mn) 15 0.167 1.432 0.126 Transformation: 

St x Mn 30 0.025 0.218 1.000 square root 
Error 672 0.117 

Amphiroa Site (St) 2 0.103 4.579 0.011 C=0.056 P>0.05 
fragilissima Month (Mn) 15 0.061 2.715 <0.001 Transformation: 

St x Mn 30 0.008 0.363 1.000 square root 
Error 672 0.022 

Anadyomene Site (St) 2 0.287 37.974 <o.001 C=0.057 P>0.05 
brownii Month (Mn) 15 0.025 3.365 <0.001, Transformation: 

St x Mn 30 0.012 1.525 0.037 logarithmic 
Error 672 0.008 

Caulerpa 
racemosa 

Site (St) 
Month (Mn) 
St x Mn 
Error 

2 
15 
30 

672 

0.441 
0.033 
0.012 
0.016 

26.953 
1.992 
0.762 

<0.001 
0.014 
0.817 

C=0.056 P>0.05 
Transformation: 
logarithmic 

Dictyota Site (St) 2 0.043 1.883 0.15 C=0.045 P>0.05 
cervicornis Month (Mn) 15 0.063 2.782 <0.001 Transformation: 

St x Mn 30 0.009 0.389 0.999 square root 
Error 672 0.023 

Gracilaria Site (St) 2 3.005 33.606 <0.001' C = 0.044 P> 0.05 
salicornia Month (Mn) 15 0.108 1.213  0.256 Transformation: 

St x Mn 30 0.027 0.307 1.000 square root 
Error 672 0.089 

Halimeda Site (St) 2 1.346 51.998 <0.001' C = 0.057 P>0.05 
macroloba Month (Mn) 15 0.032 1.241 0.235 Transformation: 

St x Mn 30 0.009 0.359 1.000 logarithmic 
Error 672 0.026 

Padina Site (St) 2 1.739 3.482 0.031: C=0.051 P>0.05 
australis Month (Mn) 15 4.378 8.768 <0.001 Transformation: 

St x Mn 30 0.110 0.221 1.000 square root 
Error 672 0.499 

Sargassum Site (St) 2 0.461 0.871 0.42Q C = 0.049 P> 0.05 
polycystum Month (Mn) 15 2.947 5.576 <0.001 Transformation: 

St x Mn 30 0.202 0.382 0.999 square root 
Error 672 0.528 

Turbinaria Site (St) 2 4.710 114.480 <o.00i: C=0.059 P>0.05 
ornata Month (Mn) 15 0.076 1.852 0.025 Transformation: 

St x Mn 30 0.024 0.583 0.965 logarithmic 
Error 672 0.041 

Ulva Site (St) 2 0.038 3.189 0.042: C=0.060 P>0.05 
reticulata Month (Mn) 15 0.033 2.832 <0.001 Transformation: 

St x Mn 30 0.007 0.592 0.960 logarithmic 
Error 672 0.012 

*significant P values (P < 0.05). 
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Caulerpa racemosa was found occasionally at Paradiso Bay and Bolok Bay and was 

common at Tablolong Bay. Maximum Caulerpa racemosa cover occurred in wet 

months at all study sites (March at Bolok Bay, March-April at Tablolong Bay, and 

between December and April at Paradiso Bay). The highest cover value recorded 

(0.8%) was obtained for the Tablolong Bay in April 1999 and March 2000. 

Dictyota cervicornis was found frequently at all study sites (Figure 3.6). Maximum 

mean cover values recorded monthly were obtained at all study sites in the dry 

months (March at Bolok Bay, February to April at Paradiso Bay and January to 

March at Tablolong Bay). 

Padina australis and Sargassum spp. (mainly S. polycystum) were the most dominant 

species at all study sites in the Kupang region (Figure 3.6). The highest cover values 

recorded for Sargassum spp. (4.53%) and Padina australis (4.53%) were obtained at 

Paradiso Bay in February 2000 and at Bolok Bay in March 2000 respectively. The 

lowest values for Sargassum spp. (0.47%) and Padina australis (0.2%) were recorded 

in October 1999 at Bolok Bay and in October 1998 and September 1999 at Tablolong 

Bay respectively. 

Turbinaria ornata was found occasionally at Paradiso Bay and Bolok Bay, but was 

more common at Tablolong Bay. The highest cover recorded during the study period 

was at Tablolong Bay in April 2000 (2.4%) (Figure3.6). 

Ulva reticulata was found frequently at all study sites. The highest mean cover values 

recorded occurred in February 1999 for Tablolong Bay (0.4%), in March 1999 for 

Paradiso Bay (0.4%), and for Bolok Bay in April 1999 (0.27%). 

The mean monthly cover values of Acanthophora spicifera, Gracilaria salicornia and 

Halimeda spp. also tended to be higher in the wet months (Figure 3.8). The values, 

however, were not significantly different between months or seasons (see Table 3.4). 
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Figure 3.6. Monthly cover of brown seaweed species that displayed marked 
seasonal variation occurring at the three study sites in the Kupang region, 
expressed as means (±SE) of 15 replicates. 
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Figure 3.8. Monthly cover of seaweed species that displayed less distinct seasonal 
variation occurring at the three study sites in the Kupang region, expressed as 
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variation occurring at the three study sites in the Kupang region, expressed as 
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Acanthophora specfera and Gracilaria salicornia were frequently found at all study 

sites. The greatest mean monthly cover value recorded for Acanthophora specifera 

(1.4%) was in March 2000 at Paradiso Bay and for Gracilaria salicornia (1.27%) was 

in April 1999 and 2000 also at Paradiso Bay. 

Halimeda spp. (mainly H. macroloba) was occasionally found at Paradiso Bay and 

Bolok Bay, but was common at Tablolong Bay. The highest cover value recorded 

(1.2%) was obtained in April 1999 for Tablolong Bay. 

There were four other seaweed species found rarely or occasionally in this region. 

They had very low values in cover and no seasonality was detected. The mean 

monthly values for cover of these seaweeds are shown in Figure 3.9. 

3.3.2. Relationship between seasonality of seaweed and sediment deposition 

3.3.2.1. Darwin region 

There was a significant effect of site, and of seasonal trend (cosmon), but no 

interaction in both sediment cover and depth (Table 3.5). This indicates that there was 

a seasonal trend and this trend is similar in all sites in this region. Even though site 

and seasonal trend effects were significant for sediment cover, much of the variation 

was error variation (among replicates) (r2  = 0.03). In contrast, the effects of site and 

seasonal trend account for a reasonable amount of the variation (r2  = 0.31) for 

sediment depth. 

The mean cover of sediment on substrata recorded monthly is shown in Figure 3.10. 

Maximum sediment cover occurred in the wet months (December at the East Point 

Reserve, January at Fannie Bay and February at Nightcliff Bay). The highest cover 

recorded during the study (72.3%) was at Fannie Bay in January 1998. Minimum 

sediment cover occurred in the dry months (May at Nightcliff Bay and September at 

Fannie Bay and the East Point Reserve). 



Table 3.5. Multiple regression analyses on effect of site and trigonometric 
transformation of month [=COS ((month-i )I5.5) *pj)]  in the Darwin region. 

Sediment 
Variables 

General 
effect df MS F-ratio P-value 

Cochran's 
C test 

Cover Site (St) 2 369 4.43 0.012 C = 0.033 F> 0.05 
Cosmon (Cs) 1 762 8.72 0.003*  Transformation: nil 
StxCs 2 46 0.55 0.576 
Error 714 83 

Depth Site(St) 2 321.63 154.16 <0.001 C0.039P>0.05 
Cosmon (Cs) 1 13.79 6.61 0.010 Transformation: nil 
StxCs 2 0.36 0.17 0.842 
Error 714 2.09 

*significant P values (P < 0.05). 

The mean monthly values for depth of sediment on substrata at the three study sites 

were deeper during the wet season than in the dry season (Figure 3.11). The highest 

mean depth values were recorded at all study sites in the wet months (December at 

the Nightcliff Bay, January at Fannie Bay, and in November and January for the East 

Point Reserve). The highest value recorded (7.2 mm) was obtained for the Nightcliff 

Bay in December 1997. The lowest values were obtained at all study sites in the dry 

months (July at Nightcliff Bay and the East Point Reserve, and August at the Fannie 

Bay). 

No significance correlation was found at any sites between either sediment cover or 

sediment depth and total seaweed cover (Table 3.6). There were, however five 

individual seaweed species that showed significance correlation between their cover 

and sediment cover or depth at one or two study sites (Table 3.6). The Padina 

australis cover had significance correlation with sediment depth at Nightcliff Bay 

and with sediment cover at the Fannie Bay (Table 3.6). 
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Figure 3.10. Sediment cover recorded monthly from three study sites in the 
Darwin region, expressed as means (±SE) of 15 replicates. 
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Figure 3.11. Sediment depth recorded monthly from three study sites in the 
Darwin region, expressed as means (±SE) of 15 replicates. 
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Figure 3.12. Relationship between seasonality of seaweed cover and sediment 
deposition (cover and depth) at the three study sites in the Darwin region. 
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Table 3.6. Correlation coefficients of relationship between cover (total and 
several individual seaweed species) and sediment deposition (cover and depth) at 
the three study sites in the Darwin region. 

Total or individual Sediment Sediment 
Study Site seaweed species cover (%) depth(mm) 

Nightcliff Bay Total seaweed cover 0.04 -0.39 
Padina australis -0.08 0.60* 

Fannie Bay Total seaweed cover -0.39 -0.15 
Padina australis 0.53* -0.22 
Rhizoclonium riparium 0.55* 0.37 

East Point Total seaweed cover -0.29 -0.37 
Reserve Caulerpa racemosa -0.33 0.53* 

Sargassumdecurrens -0.34 0.50* 
Spyrideafilamentosa 0.28 0.53* 

*significant correlation between two variables at the 0.05 level. 

There was also significant correlation between Rhizoclonium riparium cover and 

sediment cover at Fannie Bay (Table 3.6). Significance correlations were found at the 

East Point Reserve between Caulerpa racemosa cover and sediment depth, and 

between either Sargassum decurrens or Spyridea filamentosa covers and sediment 

depth (Table 3.6). 

3.3.2.2. Kupang region 

Like the Darwin region, site and cosmon (seasonal trend) effects were significant in 

both sediment cover and depth in the Kupang region (Table 5.7). However, no 

significant interactions between site and seasonal trend was found indicating that the 
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Table 3.7. Multiple regression analyses on effect of site and trigonometric 
transformation of month {COS ((month-1)I5.5) *pj)]  in the Kupang region. 

Sediment General Cochran's 
Variables effect df MS F-ratio P-value C test 

Cover Site(St) 2 1053 15.79 <0.001 C=0.029P>0.05 
Cosmon (Cs) 1 1023 15.34 <0.001 Transformation: nil 
St x Cs 2 15 0.23 0.795 
Error 714 67 

Depth Site (St) 2 79.87 36.52 <0.001*  C = 0.044 P> 0.05 
Cosmon (Cs) 1 52.45 23.98 <0.001*  Transformation: nil 
StxCs 2 2.90 1.33 0.266 
Error 714 2..19 

*significant P values (P < 0.05). 

seasonal pattern was the same at all sites. Neither site or seasonal trend explains very 

much of the variation in sediment cover and depth (r2  = 0.06 and r2  = 0.12 

respectively). 

Seasonal variations of the sediment cover values recorded monthly at all study sites in 

this region are similar with the Darwin region; higher in the wet months and lower in 

the dry months (Figure 3.13). Mean cover values reached 76.9% at Bolok Bay in 

November-December, 74.6% at Paradiso Bay in November, and 72.4% at Tablolong 

Bay in December. The lowest values were recorded in July 1999 for both Paradiso 

Bay (68.1%) and Tablolong Bay (66.9%), and in September 1999 for Bolok Bay. 

Sediment depth fluctuations follow the seasonal patterns of sediment cover. The 

mean monthly values of sediment depth are presented in Figure 3.14. The data show 

that deeper sediment occurred at all study sites during the wet months. The highest 

values recorded were obtained for Paradiso Bay (8.3 mm) and Bolok Bay (8.7 mm) in 
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Figure 3.13. Sediment cover recorded monthly from three study sites in the 
Kupang region, expressed as means (±SE) of 15 replicates. 
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Figure 3.14. Sediment depth recorded monthly from three study sites in the 
Kupang region, expressed as means (±SE) of 15 replicates. 
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Figure 3.15. Relationship between seasonality of seaweed cover and sediment 
deposition (cover and depth) at the three study sites in the Kupang region. 
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Table 3.8. Correlation coefficients of relationship between cover (total and 
several individual seaweed species) and sediment deposition (cover and depth) at 
the three study sites in the Kupang region. 

Total and individual Sediment Sediment 
Study Site seaweed species cover (%) depth (mm) 

Paradiso Bay Total seaweed cover 0.17 0.14 
Ulva reticulata 0.53* 0.47 

Bolok Bay Total seaweed cover 0.45 0.07 
Amphiroafragilissima 0.53* 0.26 

Tablolong Bay Total seaweed cover 0.31 0.28 
Galaxauraobtusata 0.39 0.51* 
Ulva reticulata 0.46 0.57* 

*significant correlation between two variables at the 0.05 level. 

November 1998 and in December 1998 for Tablolong Bay (7.1 mm). During the dry 

months sediment depth values were consistently lower at all study sites. The lowest 

values were recorded at Paradiso Bay in June (6.8 mm), at Tablolong Bay in July (6.3 

mm), and in June and September for Bolok Bay (7.1 mm). 

There were no significance correlations either between sediment cover or sediment 

depth and total seaweed cover at all study sites (Table 3.8). Significance correlations, 

however, were found between the cover of three individual seaweed species and the 

sediment cover or the sediment depth in one or two study sites (Table 3.8). 

Significant correlations between either sediment cover or sediment depth and Ulva 

reticulata cover were found at Paradiso Bay and at Tablolong Bay (Table 3.8). At 



Bolok Bay, significant correlation was found between sediment cover and 

Amphiroa fragilissima cover (Table 3.8). There was also a significance correlation 

between sediment depth and Galaxaura obtusata cover at Tablolong Bay (Table 3.8). 

3.3.3. Relationship between seasonality of seaweed and surface water quality 

3.3.3.1 Darwin region 

Figure 3.16 shows the relationship between total seaweed cover and salinity, 

conductivity and dissolved oxygen in the Darwin region. There were significant 

correlations between total seaweed cover and salinity (Table 3.9). The correlation 

coefficients were high in each case as follows: Nightcliff Bay (r = 0.91), Fannie Bay 

(r = 0.85) and East Point Reserve (r = 0.86). 

Significant correlations were also found for each study site between total seaweed 

cover and conductivity with high correlation coefficients (Table 3.9): Nightcliff Bay 

(r = 0.90), Fannie Bay (r = 0.85) and East Point Reserve (r = 0.88). Cover also 

correlated significantly with dissolved oxygen at Fannie Bay, but not at the other 

study sites (Table 3.9). No significant correlations were found at any site between the 

cover and either temperature, pH or turbidity. 

The correlation coefficients as shown in Table 3.9 indicates that there were 

significant correlation between the covers of most individual seaweed species 

occurring at each study site and salinity and/ or conductivity (those with asteriks). 

This table also indicates that at Nightcliff Bay and Fannie Bay study sites in this 

region, the cover of few species (those with asteriks) correlated significantly with 

dissolved oxygen. Very few or no species cover correlated significantly with 

temperature, pH and turbidity. 
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Figure 3.16. Relationship between seasonality of seaweed cover and surface 
water quality parameters (salinity, conductivity and dissolved oxygen) at the 
three study sites in the Darwin region. 



Table 3.9. Correlation coefficients of relationship between cover (total and some 
individual seaweed species) and the surface water quality parameters (salinity, 
conductivity and dissolved oxygen) at the three sites in the Darwin region. 

Salinity Conductivity Dissolved 

Study Site Species (%o) (ms cm') oxygen 
(mg L 1) 

NightCliff Total seaweed cover 0.91 0.90 -0.41 

Bay Acanthophora. spicifera 0.82* 0.80* -0.45 
Amphiroafragilissima 0.79* 0.77* -0.37 
Anadyomene brownii 0.9 1* 0.89* -0.36 
Caulerpa racemosa 0.27 0.25 -0.34 
Champiaparvula 0.26 0.23 -0.11 
Gracilaria salicornia 0.68* 0.68* 034 
Hypnea spp. 0.76* 0.74* 0.58* 

Hydroclathrus clathratus 0.84* 0.83* -0.47 
Neomeris annulata 0.25 0.24 -0.16 
Padina australis 0.89* 0.89* -0.25 
Sargassum decurrens 0.87* 0.87* -0.46 
Spyrideafilamentosa 0.80* 0.79* 0.52* 

Tolypiocladia glomerulata 0.13 0.13 -0.15 

Fannie Bay Total seaweed cover 0.85* 0.85* 0.53* 

Acanthophora spicifera 0.89* 0.89* -0.32 
Amphiroafragilissima 0.56* 0.64* -0.47 
Champiaparvula 0.14 0.15 -0.18 
Gracilaria salicornia 0.76* 0.78* -0.24 
Hypnea spp. 0.16 0.20 -0.19 
Neomeris annulata 0.07 0.08 -0.16 
Padina australis 0.87* 0.89* 0.55* 

Rhizoclonium riparium 0.53* 0.61* 0.29 
Tolypiocladia glomerulata 0.30 0.26 -0.40 

East Point Total seaweed cover 0.86* 0.88* -0.27 
Reserve Acanthophora spicifera 0.74* 0.76* 0.12 

Amphiroafragilissima 0.66* 0.70* 0.06 
Anadyomene brownii 0.82* 0.84* 0.33 
Caulerpa racemosa 0.8 1* 0.83* -0.12 
Champiaparvula 0.58* 0.54* -0.21 
Gracilaria salicornia 0.67* 0.70* -0.34 
Hypnea spp. 0.81* 0.82* -0.18 
Hydroclathrus clathratus 0.8 1* 0.83* -0.38 
Neomeris annulata 0.15 0.16 0.13 
Padina australis 0.86* 0.88* -0.28 
Sargassum decurrens 0.86* 0.88* -0.25 
Spyrideafilamentosa 0.80* 0.79* -0.25 
Tolypiocladia glomerulata 0.34 0.34 0.22 

*signic,cant correlation between two variables at 0.05 level. 



3.3.3.2. Kupang region. 

Relationship between total seaweed cover and surface water quality parameters 

involving salinity (negative correlation), conductivity (negative correlation) and 

temperature (positive correlation) in the Kupang region is presented in Figure 3.17. 

Salinity had high significance correlation with total seaweed cover at all study sites (r 
= 

- 0.86 at Paradiso Bay and Bolok Bay, and r = - 0.89 at Tablolong Bay; Table 

3.10). 

There was also a significant correlation between total seaweed cover and conductivity 

with high correlation coefficients (Table 3.10) in each study sites as follows: Paradiso 

Bay (r = - 0.91), Bolok Bay (r = - 0.88) and Tablolong Bay (r = - 0.86). Significant 

correlation was also found at any site between the cover and the temperature, but the 

correlation coefficients in each case were low (Table 3.17). There were no significant 

correlations either between dissolved oxygen or pH and the cover at all the study 

sites. 

Table 3.10 indicates that either salinity or conductivity correlated significantly with 

most individual seaweed species covers occurring at all study sites in this region and 

some of these correlations had high correlation coefficients. This Table also shows 

significant correlations with low correlation coefficients between several individual 

species covers and temperature at any sites. Only few species cover correlated 

significantly with pH and dissolved oxygen on certain sites in this region, such as 

between Caulerpa racemosa cover and pH at Paradiso Bay and Bolok Bay, between 

Neomeris annulata cover and dissolved oxygen at Paradiso Bay, and between the four 

species cover (i.e. A cant hop ho ra spicifera, Amphiroa fragilissima, Dictyota 

cervicornis and Galwaura obtusata) and dissolved oxygen at Tablolong Bay. 
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Figure 3.17. Relationship between seasonality of seaweed cover and surface 
water quality parameters (salinity, conductivity and temperature) at the three 
study sites in the Kupang region. 
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Table 3.10. Correlation coefficients of relationship between cover (total and 
individual seaweed species) and the surface water quality parameters (salinity, 
conductivity and temperature) at the three sites in the Kupang region. 

Salinity Conductivity Temperature 
Study Site Species (%o) (ms cm') (°C) 

Paradiso Total seaweed cover 0.86* .0.91* 0.52* 

Bay Acanthophora spicJfera .0.82* .0.86* 0.42 
Amphiroa fragilissima .0.60* .0.69* 0.64* 

Anadyomenebrownii .0.74* .0.79* 0.65* 

Caulerpa racemosa -0.37 -0.47 0.47 
Ceratodyction repens 0.60* .0.62* 0.37 
Dictyota cervicornis .0.62* .067* 0.49 
Galaxaura obtusata -0.34 -0.41 0.35 
Gelidiella acerosa -0.32 -0.36 0.7 1* 
Gracilaria salicornia 068* 074* 0.52* 
Halimeda spp. .0.51* -0.46 0.12 
Neomeris annulata -0.44 -0.48 0.20 
Padina australis ..082* ..088* 0.50* 

Sargassum spp. .0.91* .0.94* 0.43 
Turbinaria ornata .0.72* 079* 0.42 
Ulva reticulata ..050* ..057* 0.61* 

Bolok Bay Total seaweed cover .0.86* .088* 0.52* 
Acanthophora spicfera .0.63* .0.72* 0.08 
Amphiroafragilissima .072* -0.73 * 0.60* 

Caulerpa racemosa .066* .0.69* 0.32 
Ceratodyction repens .0.57* .0.62* 0.26 
Dictyota cervicornis .0.68* ..0.73* 0.58* 

Galaxaura obtusata 0.69* ..078* 0.30 
Gracilaria salicornia 0•77* 0.75* 0.43 
Halimeda spp. .075* 0.79* 0.27 
Neorneris annulata -0.27 -0.31 0.15 
Padina australis .086* .090* 0.46 
Sargassum spp. .0.78* .076* 0.54* 
Turbinaria ornata 0.54* ..060* 0.26 
Ulva reticulata ..077* 0.86* 0.30 

Tablolong Total seaweed cover -0.89 -0.86 0.53 
Bay Acanthophora spicfera .0.77* 0.75* 0.63* 

Amphiroa fragilissima .0.75* .072* 0.42 
Anadyomene brownii .0.75* .075* 0.57* 
Caulerpa racemosa -0.45 -0.46 0.72* 
Dictyota cervicornis ..061* ..066* 0.68* 
Galaxaura obtusata .065* .060* 0.34 
Gelidiella acerosa .065* ..065* 0.29 
Gracilaria salicornia ..072* ..077* 0.72* 
Halimeda spp. .083* .079* 0.40 
Neomeris annulata .064* .062* 0.12 
Padina australis ..089* 0.88* 0.46 
Sargassum spp. .088* .0.80* 0.44 
Turbinaria ornata .979* ..075* 0.35 
Ulva reticulata ..080* ..080* 0.68* 

*significant correlation between two variables at 0.05 level. 
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*significant correlation between two variables at 0.05 level. 

3.4. Discussion 

Based on the variation in cover, three major elements can be recognized in the 

seaweed vegetation at all study sites in the Darwin and Kupang regions. Although 

several species have no, or less, distinct seasonal variation in cover, high proportion 

of species shows a marked seasonal variation in cover. Several authors (e.g. Lawson, 

1966; Tsuda, 1974; Ngan & Price, 1980; Price, 1989; Martin-Smith, 1993b; Rogers, 

1996, 1997; Schaffelke & Klumpp, 1997) have also documented that many seaweed 

species in tropical coral reef environments have marked seasonality in cover, growth, 

biomass, abundance and reproduction. 

The seasonal patterns of seaweed cover differ in the time of occurrence between the 

Darwin and Kupang regions. The marked seasonal changes in cover of the seaweed in 

all study sites within the Darwin region resulted largely from rapid growth during 

much of the dry part of the year, followed by tissue breakdown and loss of primary 

laterals from most seaweed thalli during the wet season. In contrast, in all study sites 

in the Kupang region, the seaweed showed a marked peak in cover from November to 

March (during the wet part of the year). The differing results may be consequences of 

the environmental conditions, species composition or genetic constitution differences 

between the two regions. 

The result of this study clearly show that most of the seaweed species at all study 

sites in the Darwin region show a similar seasonality in cover, contrasting with the 

variety in seasonality shown by the seaweeds from other parts of Australia (e.g. Price, 

1989; Martin-Smith, 1993b; Rogers, 1997). The maximum seaweed cover in this 

region occurred during the cooler months of the year. This is consistent with the 

seasonality of seaweed species, in other tropical regions, as has been reported by De 

Wreede (1976), Santelices (1977) and Rogers (1996) who found the maximum cover, 

abundance, biomass, length or fertility of seaweeds in winter. 
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In this study the sediment cover and sediment depth were both found not to be 

correlated with the total seaweed cover at any sites in the Darwin and Kupang 

regions. The cover of the five species occurring in the Darwin region and the three 

species in the Kupang region were found to be correlated significantly with at least 

one of the sediment parameters at certain study sites. These results suggest that the 

seasonal cover variation of the seaweed population was not a direct consequence of 

the seasonality of sediment deposition, but they might be the causal factors for the 

seasonality of certain species of seaweeds in these regions. There is, however, a 

contrast in seaweed species response to sediment deposition. The three species in the 

Kupang region and one species in Darwin region had higher cover when sediment 

deposition was higher, whereas the four species cover and sediment deposition in the 

Darwin region showed an inverse relationship; higher cover when the sediment 

deposition was lower. 

It was observed both in the Darwin and Kupang regions that the seasonality of the 

seaweed species were related to some surface water quality fluctuations or seasons. In 

the Darwin region, the covers of most seaweed species were higher when salinity and 

conductivity were higher (positive correlation) at all study sites, while in the Kupang 

region, the seaweed cover was higher when the two factors were lower (negative 

correlation) at all study sites. A positive correlation was found between the 

seasonality of several seaweed species and surface water temperature at all study sites 

in the Kupang region. It was apparent that the seaweed species occurred at each study 

site in this region had higher cover in warmer months (wet season) than during the 

cooler months (dry season). This is in agreement with the observations made in other 

tropical waters by Ngan & Price (1980), Vuki & Price (1994), Molloy & Bolton 

(1996) and Schaffelke & Klump (1997). 

In the Darwin region, no seaweed species was found to be correlated significantly 

with turbidity and only few species cover correlated significantly either with 
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temperature, pH or dissolved oxygen. These may be due to no, or less, distinct 

seasonal variations of the parameters in the region. Similar results were found for the 

correlations between the seaweed cover and both surface water pH and dissolved 

oxygen in the Kupang region. 

The difference in the time of occurrence of seasonal variations in cover of seaweed 

species between the Darwin and Kupang regions could be due to differences in tidal 

emersion and nutrient conditions in the two regions. In the wet season, more frequent 

emersion at low water of spring tide periods occurred during the day between 1000 to 

1600 hr at all study sites in the Darwin region, while in the Kupang region this 

occurred during the night to early morning (0300hr-0800hr). In addition, during the 

wet season the organic matter increased greatly compared to the dry season in all 

study sites within Kupang region, but not in the Darwin region (the results in Chapter 

2). These environmental differences explain both the presence of high seaweed cover 

in the Kupang region, and the absence or rare occurrence of certain common and 

typical reef seaweeds, and therefore on low cover in the Darwin region during the wet 

season. Morrissey (1980), Ang (1985c) and Ferns (1995) consider tidal emersion to 

be important factor in the presence or absence of certain or typical reef seaweeds in 

the tropical waters. The importance of nutrients in controlling the seasonal changes of 

certain seaweed was considered by Chapman & Craigie (1977), Chapman & Lindley 

(1980), Conolly & Drew (1985a, b) and Brown et al. (1997). Further detailed studies 

would be required to identify whether these factors have a direct or indirect effect on 

the seaweed seasonality in the Darwin and Kupang region. 

This study also shows that the seasonality of the seaweed cover varies significantly 

between sites within the Darwin region as indicated by the highly significant 

interaction (P < 0.001; Table 3.1) between sites and months. In the Kupang region, 

the seasonality of the seaweed cover also differs significantly between sites, although 

significant interaction between sites and months was not found (Table 3.3). The 

differences in seasonal patterns between sites both in the Darwin and Kupang regions 

are result of differences in species composition. For example, Sargassum decurrens 
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was the dominant species found both at the Nightcliff Bay and East Point Reserve 

study sites, but it never occurred in the Fannie Bay study site. 

In summary, this study revealed that the seaweed population and most individual 

species occurring both in the Darwin and Kupang regions have marked seasonality in 

cover. There was no significant correlation between sediment deposition and seaweed 

population cover, but several individual species cover showed significant correlation 

with either sediment cover or sediment depth at certain study sites. To understand in 

more ecophysiology of seaweed species and their responses to sedimentation, field 

experiments have been done as reported in the next chapter. 



CHAPTER 4 

EFFECTS OF SEDIMENTATION ON RECOVERY OF SEAWEEDS 

4.1. Introduction 

All natural communities are exposed to many types of disturbance, an important 

factor in marine communities (e.g. Connell, 1978; Paine & Levin, 1981; Sousa, 

1984; Kennelly, 1987a; Dayton et at., 1992; Hall, 1994). Disturbances such as 

seasonal weather conditions, wave action, sand abrasion and human activities can 

lead to mass mortality and denudation of marine organisms from their substrates. 

The extent of the damage to marine assemblages from disturbance however, is 

variable and depends on the species present, the frequency and intensity of 

occurrence, the exposure of the place and the actions of other factors (Sutherland, 

1981; Sousa, 1984; Connell & Keough, 1985; McGuinness, 1987a, b; 

Schratzberger & Warwick, 1998). 

A major goal of marine ecologists is to describe and quantif\y the processes 

influencing species distribution and abundance, including succession or recovery 

from disturbances in coastal benthic habitats. Recovery is defined here as any 

living organisms established on substratum afler a disturbance process. This may 

be either new recruits or regrowth from old holdfasts of pre-existing plants that 

had already settled prior to the disturbance. In temperate or subtropical regions 

many publications have shown much of the recovery processes to be strongly 

dependent on the severity of the disturbance to which communities are exposed 

(e.g. Dayton, 1971; McLachlan & Chen, 1972; Osman, 1977; Lubchenco & 

Menge, 1978; Sousa, 1979a, 1985; Pickett & White, 1985; Connell & Keough, 

1985; Kennelly, 1987a; Dayton et at., 1992; McCook & Chapman, 1993). In 

addition, the disturbance has been recognised as an important factor in some 

models for the natural community structure (Connell, 1978; Grime, 1973; Paine & 

Levin, 1981; Sousa, 1984). Although this factor is presumed important, detailed 

studies of natural rates of disturbance and relating these to the community 
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structure are still few and very limited in tropical regions, particularly on the 

recovery processes of seaweeds within the Indo-Pacific regions. 

Patterns and processes of recovery of seaweed species have been extensively 

studied by investigators for a long time (e.g. Dayton, 1975; Sousa, 1979b, 1980; 

Hawkins, 1981; Farrell, 1989; Dayton et al., 1992; Dye, 1993; Benedetti-Cecchi 

& Cinelli, 1994; Kim & DeWreede, 1996). Such studies have shown various 

aspects of these patterns and processes, including frequency, intensity, location, 

size and seasonality. These studies were however, mainly focussed on rocky 

intertidal and subtidal seaweed. 

There are many factors that can affect the success of seaweed recovery. Extensive 

work has suggested predation, herbivory, canopy shading, ice-scour, crevices, 

emersion stress, oil spill, sewage effluent and substrate instability had largely 

negative impacts on the recovery of some seaweed species (Menge, 1976, 1978; 

Underwood, 1980; Lubchenco, 1982, 1983; Hawkins, 1983; Petraitis, 1987, 1990; 

Chapman & Johnson, 1990; Brawley & Johnson, 1991; Reed et al., 1991; 

Benedetti-Cecchi & Cinelli, 1992; Vadas et al., 1992; De Vogelaere & Foster, 

1994; Burridge et al., 1996; Stekoll & Deysher, 1996; Beach & Smith, 1997; 

Minchinton et al., 1997; van Tamelen et al., 1997). Sediment deposition, an 

important physical disturbance in marine ecosystems, may also exert a detrimental 

effect on such recovery as it can abrade or bury substrates, smother plant tissue 

and reduce water quality, as well as encourage herbivory or predation (Roy & 

Smith, 1971; Devinny & Volse, 1978; Taylor & Littler, 1982; Hartnoll, 1983; 

Turner, 1983; D'Antonio, 1986; McGuinness, 1987a; Abdel-Salam & Porter, 

1989; Grigg & Dollar, 1991; Catterall et al., 1992; Richards & Bacon, 1994). 

There have been comparatively few studies (Kendrick, 1991) which have paid 

attention to determining the effect of sediment deposition on the recovery of 

seaweed species, particularly on nearshore fringing reefs in tropical region. 

I investigated the effects of sedimentation in order to understand in more detail the 

factors affecting patterns or processes of seaweed recovery in tropical regions. In 
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the field, I assessed the recovery of seaweed populations on intertidal nearshore 

fringing reefs of dry/wet tropics under experimental sediment loads at six study 

sites within Darwin and Kupang regions (three sites or locations in each region). 

Several species occurring commonly in each region were selected and analysed 

individually to evaluate responses of their recovery to sediment load. 

4.2. Methods 

4.2.1. Sediment treatments 

At each site in each experiment four levels of sediment load were applied: (i) 

control (natural or ambient condition), (ii) experimental removal, (iii) 

experimental addition and (iv) experimental removal and readdition. Treatments 

(i), (ii) and (iii) used in the present study followed procedures as explained in 

Umar (1995) and Umar et al. (1998). Sediments in the control treatment (i) were 

unmanipulated. Sediment removal (ii) was achieved by flushing the quadrats with 

seawater. During the study period, flushing to remove sediment was never 

observed to dislodge macroscopic seaweed thalli. Increased sediment (iii) was 

carried out by adding sediment from adjacent reef areas to approximately double 

the thickness of the ambient sediment layer. Treatment (iv) was done by flushing 

the quadrats with seawater and readding sediment from adjacent areas; a similar 

quantity of sediment to that used in treatment (iii) was added. This treatment was 

to test for artifacts, which might be caused by the method used to remove 

sediment. 

In the present study, the three manipulations of sediment (i.e. sediment removal, 

sediment addition and sediment removallreaddition treatments) were applied at 

the beginning, and re-applied at two weeks intervals during the experimental 

period (12 months), for each experiment. The experiment was carried out from 

end September 1997 to end September 1998 in the Darwin region and from early 

October 1998 to early October 1999 in the Kupang region. 



VA 

4.2.2. Seaweed recovery recording method 

Within each study site (location), five replicate 50 cm x 50 cm permanent 

quadrats (see Umar et al., 1988) were randomly assigned to each of the four 

sediment treatments. These quadrats were placed during low water spring tides at 

the beginning of the experiment (end September 1997 for study sites in the 

Darwin region and early October 1998 for study sites in the Kupang region). The 

quadrat positions were recorded by marking the corners using stainless steel 

screws inserted into the substratum and then removed to minimise cage effects. 

Quadrats for the different treatments were intermingled throughout the site, in 

areas dominated by seaweed species. 

At the beginning of the study (prior to the sediment manipulations), all thalli of 

seaweed (except holdfasts) inside each quadrat, were removed using a paint 

scraper. Consequently any seaweed thalli subsequently appearing were assumed 

to be due to either new recruits or regrowth from old holdfasts. Seaweed recovery 

was recorded as density at 3, 6, 9 and 12 months after commencement of 

experiment. The diversity of the seaweed assemblage from recovery was also 

estimated by looking at how many species were recorded from each quadrat, also 

after 3, 6, 9 and 12 months of the experiment. 

4.2.3. Data analysis 

Since data collection in the Darwin and Kupang regions differed in time (year), 

the data from both regions were analysed separately using Statistica Version 5.1 

software. The four treatments used in these experiments are actually all 

combinations of two other sets of treatments: removing sediment and adding 

sediment. Therefore, three-factor analyses of variance (ANOVA) tests were used 

in each region. The first factor was site (fixed, 3 levels), the second factor was 

removing sediment (fixed, 2 levels) and the third factor was adding sediment 

(fixed, 2 levels). Homogeneity of variances of all data sets was confirmed using 

Cochran's C test. All data were not transformed prior to the analysis. Multiple 
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comparisons of means for seaweed populations recovery from Kupang region 

after 9 and 12 months were done using Tukey's HSD test. 

4.3. Results 

4.3.1. Effects of sedimentation on recovery of seaweed in the Darwin region 

Recovery of Seaweed populations 

In the Darwin region, the recovery of seaweed populations differed significantly 

between sites after 6, 9 and 12 months (Table 4.1). Significant interactions 

between site and either removing or adding sediment, and between the three 

factors was not detected (Table 4.1). 

There was a significant effect of removing sediment, and of adding sediment on 

the recovery of seaweed populations after 9 and 12 months, but no interaction 

(Table 4.1). This means that the recovery of seaweed populations after 9 and 12 

months was significantly highest and lowest in the sediment removal and 

sediment addition treatments respectively, but there was no significant difference 

between the sediment removallreaddition treatment and the control. 

The mean values for recovery of seaweed populations in quadrat for each 

treatment at the three study sites in the Darwin region after 3, 6, 9 and 12 months 

of experiment are shown in Figure 4.1. Recovery varied over the sampling dates 

for all treatments at all study sites. Recovery declined between 3 and 6 months 

and then increased sharply at the following months (between 6 and 12 months) 

showing the annual 'growing season' during the dry months. 

The recovery values of seaweed populations in this region were consistently lower 

when sediment was added and higher where sediment was removed at all study 

sites and at any of the sampling dates. The highest value recorded (40.4 per 0.25 

m2) was obtained for the East Point Reserve at the end of experiment (after 12 
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Table 4.1. Analysis of the effect of sediment on recovery of seaweed 
populations in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site(St) 2 14.467 1.564 0.220 C = 0.185 P > 0.05 
1997 Removing Transformation: nil 

sediment (Rs) 1 28.017 3.029 0.088 
Adding 
sediment (As) 1 10.417 1.126 0.294 
St x Rs 2 0.267 0.029 0.972 
StxAs 2 0.467 0.050 0.951 
RsxAs 1 0.150 0.016 0.899 
St x Rs x As 2 0.600 0.065 0.937 
Error 48 9.250 

March Site(St) 2 21.950 3.653 0.033 C0.162P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 22.817 3.798 0.057 
Adding 
sediment (As) 1 12.150 2.022 0.161 
StxRs 2 1.117 0.186 0.831 
StxAs 2 0.350 0.058 0.943 
Rs x As 1 3.750 0.624 0.433 
St x Rs x As 2 2.450 0.408 0.667 
Error 48 6.008 

June Site (St) 2 79.217 3.472 0.039 C = 0.173 P> 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 510.427 22.370 <0.001 
Adding 
sediment (As) 1 294.817 12.921 <0.001 
StxRs 2 16.117 0.706 0.498 
StxAs 2 5.017 0.220 0.803 
RsxAs 1 70.417 3.086 0.085 
StxRsxAs 2 2.417 0.110 0.896 
Error 48 22.817 

September Site(St) 2 463.550 11.059 <0.001 C=0.164P>O.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 1540.267 36.746 <0.001 
Adding 
sediment (As) 1 680.067 16.224 <0.00l 
StxRs 2 72.217 1.722 0.189 
StxAs 2 20.417 0.487 0.617 
RsxAs 1 35.267 0.841 0.364 
StxRsxAs 2 9.817 0.234 0.792 
Error 48 41.917 

*significant P values (P < 0.05). 
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Figure 4.1. The effect of sediment on recovery of seaweed populations at 
three study sites in the Darwin region. Data are total density per 0.25 m2  at 3, 
6, 9 and 12 months after commencement of the experiment (end September 
1997), expressed as means (±SE) of 5 replicates. 
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months) in the sediment removal treatment. The lowest value (4.0 per 0.25 m2) 

was recorded at Nightcliff Bay after 6 months of experiment in the sediment 

addition treatment. 

Recovery of selected seaweed species 

Of the five seaweed species selected in this region, all had maximum and 

minimum values in recovery which followed patterns of the seaweed population 

recovery. These species had different recovery responses to sedimentation over 

the sampling dates. 

The mean values for recovery of Acanthophora spicifera as shown in Figure 4.2, 

reached maximum in the sediment removal treatment after 12 months of 

experiment, at all study sites. The highest recovery recorded during the study (6.4 

per 0.25 m2) occurred at Fannie Bay. The lowest values were obtained after 6 

months, mostly in the sediment addition treatment, at all study sites. 

The recovery of Acanthophora spicifera was not significantly different between 

sites at all sampling dates (Appendix 1). There was also no interaction between 

site and either removing or adding sediment, and interaction between the three 

factors in any of the four sampling dates (Appendix 1). 

At 9 and 12 months after commencement of the experiment, there was a 

significant effect of removing sediment, and of adding sediment, but no 

interaction on the Acanthophora spicifera recovery (Appendix 1). Thus, the 

recovery of the species after 9 and 12 months was significantly lowest when 

sediment was added and highest when sediment was removed, but difference 

between the control and the sediment removal/readdition treatment was not 

significant. 
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Figure 4.2. The effect of sediment on recovery of Acanthophora spicifera at 
three study sites in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 
and 12 months after commencement of the experiment (end September 
1997), expressed as means (±SE) of 5 replicates. 
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The mean recovery values of Gracilaria salicornia recorded on four dates in each 

study sites are shown in Figure 4.3. The highest mean recovery values were 

recorded mostly in the sediment removal treatment after 12 months of experiment 

at all study sites. The lowest values were obtained after 6 months at all study sites 

(Nightcliff Bay and Fannie Bay in the control and sediment addition treatments 

and at the East Point Reserve in the sediment addition treatment). 

Results of the statistical analysis as shown in Appendix 2 indicates that the 

recovery of Gracilaria salicornia at all sampling dates did not vary significantly 

between sites. Both removing and adding sediment effects, interaction between 

site and either removing or adding sediment, and interaction between the three 

factors were also not significant (Appendix 2). 

The mean values for recovery of Hypnea spp. recorded after 3, 6, 9 and 12 months 

of the experiment at all study sites are presented in Figure 4.4. The data indicate 

that recovery was always lowest at all study sites after 6 months when sediment 

was added and highest after 12 months when sediment was removed. The highest 

and lowest values recorded were 6.0 per 0.25 m2  and 0.4 per 0.25 m2  respectively, 

both at Nightcliff Bay. 

There was a significant effect of removing sediment on the recovery of Hypnea 

spp. after 12 months (Appendix 3). However, differences between sites, adding 

sediment effects and interaction between factors were not significant at all 

sampling dates. This indicates that the recovery of Hypnea spp. after 12 months 

either in the sediment removallreaddition or sediment removal treatments was 

significantly higher than either in the sediment addition treatment or the control, 

but differences between the sediment removal/readdition and sediment removal 

treatments, and between the sediment addition treatment and the control were not 

significant. 
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Figure 4.3. The effect of sediment on recovery of Gracilaria salicornia at three 
study sites in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment (end September 1997), 
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Recovery of Padina australis (Figure 4.5) declined and increased sharply at the 

second 6 months and the end of experiment respectively in each of the three study 

sites. The highest mean value recorded (7.6 per 0.25 m2) was at Nightcliff Bay in 

the sediment removal treatment. The lowest value (0.2 per 0.25 m2) was recorded 

at 3 sites: at Nightcliff Bay in the control and addition treatments, at Fannie Bay 

in the addition and removal/readdition treatments and also at the East Point 

Reserve in the control, addition and removal/readdition treatments. 

Differences between sites for the recovery of Padina australis were not significant 

at all sampling dates (Appendix 4). In any of the four sampling dates, both 

removing and adding sediment effects and interaction between factors were also 

not significant (Appendix 4). 

Recovery of Sargassum decurrens as shown in Figure 4.6 only occurred at 

Nightcliff Bay and the East Point Reserve. The highest mean recovery values 

occurred at 12 months after the commencement of experiments at the two study 

sites. Mean values reached 4.6 per 0.25 m2  at the East Point Reserve and 4.0 per 

0.25 m2  at Nightcliff Bay, both in the sediment removal treatment. The lowest 

value (0.2 per 0.25 m2) was recorded at the East Point Reserve both in the 

sediment addition and sediment removal/readdition after 6 months. 

The recovery of Sargassum decurrens differed significantly between sites at 3, 6, 

9 and 12 months (Appendix 5). There was an effect of removing sediment after 12 

months (Appendix 5). No significant interaction between site and either removing 

and adding sediment, and interaction between factors were found at any sampling 

dates (Appendix 5). This implies that the recovery of species after 12 months was 

enhanced by either when sediment was removedlreadded or when sediment was 

removed and reduced either when sediment was added or when sediment was 

unmanipualated (control), but significant differences between the sediment 

removal/readdition and sediment removal treatments, and between the sediment 

addition treatment and the control were not detected. 
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Figure 4.5. The effect of sediment on recovery of Padina austalis at three 
study sites in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment (end September 1997), 
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Diversity of seaweed assemblage 

The diversity of the seaweed assemblage differed significantly between sites after 

12 months of the experiment (Table 4.2). No significant interaction between site 

and either removing and adding sediment, and interaction between the three 

factors was found (Table 4.2). 

Removing sediment effects were significant after 12 months, but an effect of 

adding sediment and interaction between the two factors were not significant at 

any sampling dates (Table 4.2). Therefore, the diversity of seaweed assemblage 

after 12 months was significantly less either when sediment was added and when 

sediment was unmanipulated (control) compared to either when sediment was 

removedlreadded and when sediment was removed, but differences between the 

sediment removallreaddition treatment and the sediment removal treatment, and 

between the sediment addition treatment and the control (umnanipulated 

sediment) were not significant. 

The mean diversity values of seaweed assemblage from recovery recorded at all 

sampling dates in each treatment in this region are presented in Figure 4.7. The 

data indicate that diversity generally highest and lowest when sediment was 

removed and when sediment was added respectively. The highest mean diversity 

value recorded (7.6 per 0.25 m2) was at Nightcliff Bay after 12 months in the 

sediment removal treatment. The lowest value (3.0 per 0.25 m2) occurred at 

Nightcliff Bay after 6 months of the experiment in the sediment addition 

treatment. 
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Table 4.2. Analysis of the effect of sediment on diversity of seaweed 
assemblage in the Darwin region. Data are number of species in 0.25 m2  
quadrat at 3, 6, 9 and 12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site(St) 2 3.317 1.716 0.191 C = 0.194 P > 0.05 
1997 Removing Transformation: nil 

sediment(Rs) 1 2.817 1.457 0.233 
Adding 
sediment (As) 1 0.817 0.422 0.519 
StxRs 2 0.117 0.060 0.942 
St x As 2 0.117 0.060 0.942 
RsxAs 1 0.417 0.216 0.645 
StxRsxAs 2 0.517 0.267 0.767 
Error 48 1.933 

March Site(St) 2 0.617 0.447 0.643 C = 0.193 P > 0.05 
1998 Removing Transformation: nil 

sediment(Rs) 1 4.817 3.482 0.068 
Adding 
sediment (As) 1 1.350 0.976 0.328 
StxRs 2 1.017 0.735 0.485 
St x As 2 0.350 0.253 0.777 
RsxAs 1 0.017 0.012 0.913 
StxRsxAs 2 2.217 1.602 0.212 
Error 48 1.383 

June Site(St) 2 3.267 1.918 0.158 C = 0.176 P > 0.05 
1998 Removing Transformation: nil 

sediment(Rs) 1 3.267 1.468 0.232 
Adding 
sediment (As) 1 4.267 1.918 0.173 
StxRs 2 1.867 0.838 0.438 
StxAs 2 0.267 0.120 0.887 
Rs x As 1 0.067 0.030 0.863 
StxRsxAs 2 0.267 0.120 0.887 
Error 48 2.225 

September Site(St) 2 20.517 10.477 <0.001 C = 0. 162 P > 0.05 
1998 Removing Transformation: nil 

sediment(Rs) 1 8.067 4.120 0.048 
Adding 
sediment (As) 1 3.267 1.668 0.203 
StxRs 2 2.017 1.030 0.365 
StxAs 2 0.317 0.162 0.851 
RsxAs 1 0.267 0.136 0.714 
StxRsxAs 2 0.217 0.111 0.895 
Error 48 1.958 

* Significant P values (P < 0.05). 
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Figure 4.7. The effect of sediment on diversity of seaweed assemblage at three 
study sites in the Darwin region. Data are number of species in 0.25 m2  
quadrat at 3, 6, 9 and 12 months after commencement of the experiment (end 
September 1997), expressed as means (±SE) of 5 replicates. 
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4.3.2. Efftcts of sedimentation on recovery of seaweed in the Kupang region 

Recovery of seaweed nonulations 

In this region differences between sites for the seaweed population recovery were 

statistically significant at the four sampling dates (Table 4.3). No significant 

interaction between sites and either sediment removal or sediment addition and 

between the three factors at all sampling dates were found (Table 4.3). 

Both removing and adding sediment effects were significant at 6 months after 

commencement of the experiment, but no interaction (Table 4.3). This means that 

the recovery of seaweed populations in this region after 6 months was 

significantly highest in the sediment removal treatment and lowest in the sediment 

addition treatment, but difference between the removaL'readdition treatment and 

the control was not significant. 

There was also a significant effect of removing sediment, and of adding sediment 

after 9 and 12 months (Table 4.3). Significant interaction between removing 

sediment and adding sediment was also significant in both dates. Multiple 

comparisons of data after 9 and 12 months (Table 4.4) show that difference 

between the control, sediment removal and sediment removal/readdition 

treatments was not significant, but these treatments were significantly higher than 

the sediment addition treatment. 

The mean recovery of the seaweed populations at four sampling dates from each 

study site in the Kupang region is shown in Figure 4.8. Maximum seaweed 

recovery occurred at the second 6 months after commencement of experiment in 

the wet months at all study sites, in contrast to the time of peak seaweed 

abundance in the Darwin region. The highest recovery recorded during the study 

(29.2 per 0.25 m2) was at Paradiso Bay, in the sediment removal treatment. 

Minimum seaweed recovery occurred at the end of the experiment in the addition 
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Table 4.3. Analysis of the effect of sediment on recovery of seaweed 
populations in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site(St) 2 171.467 34.993 <0.001*  C=0.241 P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 18.150 3.704 0.060 
Adding 
sediment (As) 1 10.417 2.126 0.151 
StxRs 2 0.800 0.163 0.850 
St x As 2 0.267 0.054 0.947 
RsxAs 1 1.350 0.276 0.602 
St x Rs x As 2 0.000 0.000 1.000 
Error 48 4.900 

April Site (St) 2 680.617 53.243 <0.001 C = 0.207 P> 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 326.667 25.554 <0.001* 

Adding 
sediment (As) 1 216.600 16.944 <0.001 
St x Rs 2 5.617 0.439 0.647 
StxAs 2 2.150 0.168 0.846 
Rs x As 1 38.400 3.004 0.089 
St x Rs x As 2 0.350 0.027 0.973 
Error 48 12.783 

July Site(St) 2 527.117 56.076 <0.001 C0.192P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 294.817 31.363 <0.001 
Adding 
sediment (As) 1 198.017 21.066 <0.001 
StxRs 2 25.017 2.661 0.080 
StxAs 2 9.817 1.044 0.360 
Rs xAs 1 50.417 5.363 0.025 
StxRsxAs 2 6.117 0.651 0.526 
Error 48 9.400 

October Site(St) 2 126.350 20.216 <0.001 C = 0.169 P > 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 180.267 28.843 <0.001 
Adding 
sediment (As) 1 101.400 16.224 <0.001 
StxRs 2 4.117 0.659 0.522 
StxAs 2 1.950 0.312 0.733 
Rs x As 1 35.267 5.643 0.022 
StxRsxAs 2 6.317 1.011 0.372 
Error 48 6.250 

*significant P values (P < 0.05). 



Table 4.4. Multiple comparisons of means for sediment treatment effect on 
recovery of seaweed populations in the Kupang region using Tukey HSD test. 
Data are density after 9 and 12 months of the experiment. Data after 3 and 6 
months were not included, as insignificant interaction between removing 
sediment and adding sediment. 

July {1} {2} {3} {4} 
1999 Treatment 16.533 14.733 13.933 8.467 

Removal {1} 0.384 0.107 <0.001* 
Removal! 
readdition{2} 0.384 0.891 <0.001* 

Control {3} 0.107 0.891 <0.001* 

Addition {4} <0.001* <0.001 <0.001* 

October {1} {2} {3} {4} 
1999 Treatment 10.667 9.600 8.733 4.600 

Removal {1} 0.649 0.162 <0.001* 

Removal! 
readdition{2} 0.649 0.778 <0.001* 

Control {3} 0.162 0.778 <0.001* 

Addition {4} <0.001* <0.001* <0.001* 

*significant P values (P < 0.05). 

at all study sites. The lowest value recorded (3.6 per 0.25 m2) was obtained at 

Bolok Bay at the of the experiment. 

Recovery of selected seaweed species 

Seaweed species selected in this region also show a recovery increase during the 

wet season. Their responses to sedimentation were also different over the 

sampling dates. 
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Figure 4.8. The effect of sediment on recovery of seaweed populations at 
three study sites in the Kupang region. Data are total density per 0.25 m2  at 
3, 6, 9 and 12 months after commencement of the experiment (early October 
1998), expressed as means (±SE) of 5 replicates. 
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The mean recovery values of Acanthophora spicfera  from each site at all 

sampling dates are presented in Figure 4.9. The data show that higher and lower 

recovery occurred where sediment was removed and where sediment was added 

respectively at all study sites and at any of the sampling dates. The highest mean 

recovery recorded (4.6 per 0.25 m2) was obtained at Paradiso Bay, after 6 months, 

in the sediment removal treatment. The lowest value (0.4 per 0.25 m2) was 

recorded at Bolok Bay after 12 months and at Tablolong Bay after 9 and 12 

months, all in the sediment addition treatment. 

Differences in recovery of Acanthophora spicfera  between sites were significant 

after 3, 6, 9 and 12 months (Appendix 6). However, interactions between site and 

either removing or adding sediment, and interaction between the three factors 

were not significant at any sampling sites (Appendix 6). 

Removing sediment effects were significant after 9 and 12 months, but an effect 

of adding sediment and interaction of the two factors was not significant at all 

sampling dates (Appendix 6). This indicates that after 9 and 12 months, 

differences in the recovery of Acanthophora spicfera between the sediment 

removal/readdition and the sediment removal treatments, and between the 

addition treatment and the control were not significant, but it higher in either the 

sediment removallreaddition treatment or sediment removal treatment than in 

either the sediment addition treatment or the control. 

The mean recovery values of Gracilaria salicornia are shown in Figure 4.10. 

Minimum recovery values always occurred in the sediment addition treatment at 

any study sites in each of the four sampling dates. Maximum values were obtained 

after 6 months of experiment in each of the three study sites. The highest mean 

value was 3.2 per 0.25m 2  at Paradiso Bay in the sediment removal treatment. 

Difference between sites, effect of either removing and adding sediment and 

interaction between factors on the recovery of Gracilaria salicornia were not 

found at any sampling dates (Appendix 7). 
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Figure 4.9. The effect of sediment on recovery of Acanthophora spicifera at 
three study sites in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 
and 12 months after commencement of the experiment (early October 1998), 
expressed as means (±SE) of 5 replicates. 
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The mean values of recovery of Halimeda macroloba are shown in Figure 4.11. 

The highest mean value recorded (2.4 per 0.25 m2) was at Tablolong Bay, 

in the sediment removal treatment, after 6 months of the experiment. The 

Halimeda macroloba recovery was absent at Paradiso Bay and Bolok Bay after 3 

months in the addition and removal/readdition treatments and after 12 months in 

the addition treatment at Bolok Bay. 

The recovery of Halimeda macroloba varied significantly between sites at all 

sampling dates (Appendix 8). However, no significant was found for both 

removing and adding sediment effects and interaction between factors in any of 

the four sampling dates (Appendix 8). 

The mean recovery values of Padina australis are shown in Figure 4.12. The data 

indicate that higher recovery occurred at all study sites between 3 and 6 months 

after commencement of experiment. The highest value recorded (3.8 per 0.25 m2) 

was at Bolok Bay, in the sediment removal treatment. The lowest recovery 

occurred at the end of experiment, in the sediment addition treatment, in each of 

the three study sites. 

The recovery of Padina australis did not significantly differ between sites at any 

sampling dates (Appendix 9). Both removing sediment and adding sediment 

effects and interaction between factors were also not significant (Appendix 9). 

The mean values of Sargassum polycystum recovery are presented in Figure 4.13. 

Maximum recovery values were obtained after 6 months of experiment in the 

removal sediment at all study sites. Mean values reached 5.0 per 0.25 m2  at 

Paradiso Bay, while at Bolok Bay and Tablolong Bay the greatest mean recovery 

recorded were only 2.4 per 0.25 m2  and 2.8 per 0.25 m2  respectively. Minimum 

Sargassum polycystum recovery occurred after 12 months in the sediment addition 

treatment at any study sites. 
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Figure 4.11. The effect of sediment on recovery of Halimeda macroloba at 
three study sites in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 
and 12 months after commencement of the experiment (early October 1998), 
expressed as means (±SE) of 5 replicates. 
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Difference between sites in the recovery of Sargassum polycystum was significant 

after 3, 6 and 9 months of the experiment (Appendix 10). However, interaction 

between sites and either removing and adding sediment, and interaction between 

the three factors were not significant at all sampling dates (Appendix 10). 

An effect of removing sediment was significant after 12 months, but adding 

sediment effects and the interaction between the two factors were not significant 

at any sampling dates (Appendix 10). Thus, the recovery of Sargassum 

polycystum after 12 months was significantly reduced both when sediment was 

added and when sediment was unmanipulated (control) and increased both when 

sediment was removedlreadded and when sediment was removed, but significant 

differences between the sediment removal/readdition treatment and the sediment 

removal treatment, and between the sediment addition treatment and the control 

were not found. 

Diversity of seaweed assemblage 

The mean values for diversity of seaweed assemblage in quadrat for each 

treatment at the three study sites in the Kupang region at all sampling dates are 

presented in Figure 4.14. Generally, the diversity values were lower when 

sediment was added and higher when sediment was removed in any of the four 

sampling dates and at all study sites. The highest value recorded (9.0 per 0.25 m2) 

was obtained at Paradiso Bay after 6 months of the experiment in the sediment 

removalireaddition treatment. The lowest value (3.2 per 0.25 m2) was recorded at 

Bolok Bay at the end of the experiment (after 12 months) in the sediment addition 

treatment. 

The diversity of seaweed assemblage varied significantly between sites at any 

sampling dates (Table 4.5). No significant interactions between sites and either 

removing sediment or adding sediment, and interaction between the three factors 

were found at all sampling dates (Table 4.5). 
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Table 4.5. Analysis of the effect of sediment on diversity of seaweed 
assemblage in the Kupang region. Data are number of species in 0.25 m2  
quadrat at 3, 6, 9 and 12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site (St) 2 82.350 62.943 <0.001 C0.178P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.4817 3.682 0.061 
Adding 
sediment (As) 1 3.750 2.867 0.097 
StxRs 2 0.117 0.089 0.915 
StxAs 2 0.350 0.268 0.766 
RsxAs 1 1.350 1.032 0.315 
StxRsxAs 2 0.650 0.497 0.612 
Error 48 1.308 

April Site (St) 2 59.617 57.232 <0.001 C = 0.216 P> 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 2.817 2.704 0.107 
Adding 
sediment (As) 1 3.750 3.600 0.064 
StxRs 2 0.117 0.112 0.894 
St x As 2 0.050 0.048 0.953 
Rs x As 1 0.417 0.400 0.530 
StxRsxAs 2 0.817 0.784 0.462 
Error 48 1.042 

July Site (St) 2 51.017 40.013 <0.001 C = 0.183 P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 8.817 6.915 0.011 
Adding 
sediment (As) 1 7.350 5.765 0.020 
StxRs 2 0.517 0.405 0.670 
StxAs 2 0.150 0.118 0.890 
RsxAs 1 0.017 0.013 0.909 
StxRsxAs 2 0.117 0.092 0.913 
Error 48 1.275 

October Site (St) 2 13.717 7.658 0.001 C = 0.186 P > 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 8.817 4.921 0.031 
Adding 
sediment (As) 1 14.017 7.823 0.007 
StxRs 2 0.317 0.177 0.839 
StxAs 2 0.017 0.009 0.991 
Rs x As 1 0.017 0.009 0.924 
StxRsxAs 2 0.617 0.344 0.711 
Error 48 1.792 

*significant P values (P < 0.05). 
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Figure 4.14. The effect of sediment on diversity of seaweed assemblage at 
three study sites in the Kupang region. Data are number of species in 0.25 m2  
quadrat at 3, 6, 9 and 12 months after commencement of the experiment 
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There was a significant effect of removing sediment, and of adding sediment after 

9 and 12 months, but no interaction (Table 4.5). Thus, the diversity of seaweed 

assemblage after 9 and 12 months in this region was significantly highest when 

sediment was removed and lowest when sediment was added, but difference 

between the control and the removal/readdition treatment was not significant. 

4.4. Discussion 

Both seaweed populations and individual selected species showed maximum and 

minimum recovery at all study sites both in the Darwin and Kupang regions. 

Seaweed occurring in the Kupang region tended to a peak in recovery in the wet 

months, contrasting with the Darwin region where maximum value occurred 

during the dry months. Thus, maximum and minimum periods of seaweed 

abundance (results in Chapter 3 of this thesis) and seaweed recovery both in the 

Darwin and Kupang regions occurred in the same season of the year. 

The results of this study reveal that both removing and adding sediment 

significantly affected the recovery of seaweed populations both in the Darwin 

region at 9 and 12 months and in the Kupang region at 6, 9 and 12 months after 

commencement of experiments. The diversity of seaweed assemblage from 

recovery was also affected significantly by both removing and adding sediment 

after 9 and 12 months in the Kupang region and by removing sediment after 12 

months in the Darwin region. In addition, an effect of removing sediment was 

significant on the recovery of some individual species at least in one sampling 

date, both in the Darwin and Kupang regions. These indicate that sediment may be 

contributing to, or be the main cause of, reduced recovery of this important 

organism at certain times both in the Darwin and Kupang regions, contrasting 

with the studies made by such as Catterall et al. (1992) and Airoldi & Cinelli 

(1997) who found increased recovery of some seaweed species subjected to high 

siltation on coral reef of Heron Island (Great Barrier Reef region) and did not 

decrease colonisation of most turf seaweed under reduced sedimentation rates on 

rocky shore subtidal of Livorno (Ligurian Sea) respectively. 



109 

The recovery of seaweed populations both in the Darwin and Kupang regions in 

the control (unmanipulated sediment) was lower than in the sediment removal 

treatment and higher than in the sediment addition treatment. This implies that 

removing sediment from substrates and adding sediment on substrates apparently 

would increase and decreases the seaweed population recovery respectively, both 

in the two regions. In addition, the consistenly greater effect of the sediment 

removal treatment compared to that of the control (unmanipulated sediment) 

suggests that current sedimentation had an effect on the recovery of seaweed 

populations, both in the Darwin and Kupang regions. 

There was an indication that the effect of sediment addition treatment on the 

diversity of seaweed assemblage was more detrimental in the Kupang region than 

in the Darwin region. This was evidenced by the significant main effect of adding 

sediment at two sampling dates (after 9 and 12 months) in the Kupang region and 

the non-significant of the factor at all sampling dates in the Darwin region. 

However, removing sediment from substrates may increase the diversity of 

seaweed assemblage in the two regions, as indicated by the significant main effect 

of removing sediment at least in one sampling date. 

From the individual analysis, two categories of seaweed species can be 

distinguished for both regions. These categories reflect different degrees in 

species' morphology and in species responses to sedimentation. 

Category 1: seaweed species with relatively complex in thallus morphology. 

These species involve Acanthophora spicifera, Hypnea spp., Sargassum 

decurrens and S. polycystum. Removing sediment effects were significant at least 

in one sampling date. This indicates that sediment load on the reef bottom can 

limit the success of the species recovery. In these unstable substrata the 

community may also respond by simplifying its structure such as reducing vegetal 

cover (Murray & Littler, 1977; Cormaci & Fuman, 1991) and reducing the 

number of layers (Littler & Murray, 1975; Cormaci et al., 1985; Brown et al., 

1990b). By contrast, some seaweed species such as Rhodomela larix (D'Antonio, 
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1986), Gymnogongrus platyphilus, Nienburgia andersoniana, Polyneura latissima 

(Konar & Roberts, 1996) were found more common or dominant in areas 

subjected to high sedimentation, in contrast to the present study. 

Category 2: seaweed species with relatively simple in thallus morphology. The 

recovery of these species was not significantly affected by either removing or 

adding sediment at all sampling dates, although the measurement was less when 

sediment was added than the other sediment treatments. Therefore, the recovery of 

these species were not strongly affected by sedimentation. Species which include 

in this category are Enteromorpha intestinalis, Ulva lobata (Littler et al., 1983), 

Gracilaria salicornia, Halimeda macroloba and Padina australis. However, it 

should be noted here that these species tended to be small and variable in 

recovery; so it would be difficult to detect effects without more replicates. 

Gorostiaga & DIez (1996) has also reported domination of species with simple 

morphology (e.g. Anotrichium furcellatum, Ceramium diaphanum and 

Pterothamnion plumula) and those resistant to sedimentation (Champia parvula 

and Pterosiphonia pennata) in the areas with high sediment load. 

The effects on seaweed recovery probably include effects on recruitment (i.e. 

either settlement and attachment of new embryos or growth of already settled, 

microscopic plants into adult populations) and on vegetative regeneration 

(holdfast regrowth of adult plant already settled before experiment). Vegetative 

regeneration may play an important role in supporting recovery processes when 

fertile organisms, propagules, spores and zygotes are rare (Mclachlan & Chen, 

1972; Sousa, 1980; Read & Hill, 1988; McCook & Chapman, 1992) in large 

clearing area (Keough, 1984; Sousa, 1985). Conversely, if vegetative growth is 

unimportant due to much adult mortality, recovery dependents primarily on 

recruitment (Hoffmann, 1987; Santelices, 1990; Vadas et al., 1992), particularly 

in small area of clearing (Sousa, 1985; Farrell, 1989). Such data, however, were 

not documented in the experiment reported in this chapter. In order to determine 

the recruitment or vegetative propagation processes are importance stages as the 

establishment of seaweed population in general and the ability of seaweed to 
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initially recover the substratum in particular in the Darwin and Kupang regions, 

the two processes and their responses to sedimentation were studied 

experimentally as reported in Chapters 5 and 6. 



CHAPTER 5 

EFFECTS OF SEDIMENTATION ON RECRUITMENT OF SEAWEEDS 

5.1. Introduction 

Seaweeds are submerged marine plants occurring world-wide in shallow coastal 
waters. The species composition, and abundance patterns, of these plants in many 
intertidal communities is highly variable, both spatially (vertically or horizontally) 
and temporally (seasonally) and is influenced by various of environmental conditions 
(e.g. Yarish & Edwards, 1982; Norton, 1985; Underwood, 1985; Pregnall & Rudy, 
1985; Richardson, 1987; Orfanidis, 199). In comparison with the numerous studies on 
the effects of biological and physical factors on adult seaweed abundance, there are 
few studies on early settlement and recruitment processes known, especially in 
tropical waters (Underwood & Denley, 1984; Menge & Farrell, 1989; Menge, 1991; 
Brosnan, 1992; Kendrick & Walker, 1994). 

The recruitment process is an important stage, as the establishment of seaweed 
populations is usually directly dependent on the ability of seaweed to initially 
colonise the substratum (Deysher & Norton, 1982; Kendrick & Walker, 1991; Flavier 
& Zingmark, 1993; Kaehler & Williams, 1997). In addition, the success of seaweed 

propagules, spores, or zygotes in colonising habitats may play an important role in 
the distribution and abundance of adult populations, particularly in highly disturbed 
communities where adult mortality is great (Hoffrnarm, 1987; Reed et al., 1988; 
Santelices, 1990; Fletcher & Callow, 1992; Vadas et al., 1992; Benedetti-Cecchi & 
Cinelli, 1993). Hence, further detailed studies on the recruitment process, and their 
relation to environmental factors, are important for conservation and management 
strategies. 

Some environmental factors involving biological, physical and chemical factors 
influence seaweed recruitment. Several authors (e.g. Dayton, 1971; Lawrence, 1975; 
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Sousa, 1979a; Hawkins, 1981; Jernakoff, 1983; Santelices & Ojeda, 1984; Kennelly, 

1987b; Chapman, 1990; Brawley & Johnson, 1991; Farrell, 1991; Benedetti-Cecchi 

& Cinelli, 1992; Vadas et at., 1992; Kaehler & Williams, 1997) found that biological 

factors such as grazing, herbivory, predation and canopy shading or interference from 

adult plants often have a negative effect on recruitment. Chemical and physical 

factors such as sewage effluent, salinity, crevices, heat, desiccation, current speed and 

irradiance (Norton, 1983; Jernakoff, 1985; DeVogelaere & Foster, 1994; Azanza-

Corrales et at., 1996; Bellgrove et at., 1997; Ganza-Sánchez et at., 2000) have also 

been reported to exert a strong influence on the recruitment process of seaweed 

species. 

Sedimentation is an important physical process in marine environments and 

organisms (Lilly et at., 1953; Dayton, 1973; Neushul et at., 1976; D'Antonio, 1986; 

McQuaid & Dower, 1990; Kendrick, 1991; Airoldi et at., 1995). The impact of this 

factor on recruitment of seaweed species, however, is little known. Laboratory studies 

have demonstrated that sediments inhibit attachment of young kelp sporophytes 

(Norton, 1978) and increase mortality of Macrocystis spores and gametophytes 

(Devinny & Volse, 1978). Sediment deposition and movement have been suggested 

to reduce seaweed recruitment by preventing germination and settlement of 

propagules or by inducing high mortality of early post-settlement stages (Moss et at., 

1973; Dayton et at., 1984; Vadas et at., 1992). In intertidal fringing reefs, Umar et at. 

(1998) found reduction of Sargassum microphyllum recruitment in response to 

sediment deposition. To date, however, no field experimental studies have been done 

on the effect of sedimentation on recruitment of seaweed species involving more than 

one species from two different regions in the dry-wet tropics. 

In this chapter, recruitment of some seaweeds (7 species in the Darwin region and 8 

species in the Kupang region), and their responses to sediment load, are determined. 

These species were selected to be studied as they are found dominantly or commonly 

in both regions. 



5.2. Methods 

5.2.1. Sediment treatments 

The sediment treatments and procedures described in Chapter 4 (section 4.2.1) were 

used in the experiments reported in this chapter. The three manipulations of sediment 

were applied at the beginning of experiments and re-applied at two week intervals 

over 12 months (from early October 1997 to early October 1998 for experiment in the 

Darwin region and from end October 1998 to end October 1999 for experiment in the 

Kupang region). 

5.2.2. Seaweed recruitment recording method 

Seven seaweed species were selected in the Darwin region. These were Padina 

australis, Sargassum decurrens, Spyridea filamentosa (Nightcliff Bay), 

Acanthophora spicfera (Fannie Bay), Anadyomene brownii, Caulerpa racemosa and 

Gracilaria salicornia (East point Reserve). In the Kupang region, 8 species were 

studied: Acanthophora spicfera,  Anadyomene brownii, Gracilaria salicornia, 

Sargassum polycystum (Paradiso Bay), Padina australis (Bolok Bay), Caulerpa 

racemosa, Halimeda macroloba and Turbinaria ornata (Tablolong Bay). Padina 

australis (Darwin and Kupang) and Halimeda macroloba (Kupang) were rare or not 

present at the sites where Acanthophora spicifera, Anadyomene brownii and 

Gracilaria salicornia were found so had to be studied at different sites. This does 

mean that some, or all, of any differences between Padina australis and Halimeda 

macroloba, and other species, might be due to differences between sites (e.g. in 

environmental variables). This is unavoidable but of little importance as it was the 

species responses to the experimental treatments which was of primary interest. 

Similar situations occur in subsequent chapters. 
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Within each region, five replicate 50 cm x 50 cm permanent quadrats were randomly 

assigned (at the beginning of the experiment) to each treatment of each species of 
seaweed studied. These quadrats were set up at the beginning of the experiment as 
described for the recovery experiment in Chapter 4 (section 4.2.2). Quadrats for 
different treatments were intermingled throughout the site and were marked out on 
substratum in areas dominated by the species studied. Similar situations occur in 

subsequent chapters. 

Prior to sediment manipulations at the beginning of the experiment, all macroscopic 

seaweed thalli studied, including any holdfasts, were removed from each quadrat 
using a paint scraper, and the holdfast areas (only) were then burnt thoroughly with a 
gas torch. Therefore, any seaweed thalli found later are assumed to be due to 
recruitment, either as new settlement or as growth of microscopic individuals that had 
already settled. 

The recruitment of seaweed was recorded as density (number of plants per 0.25 m2  
quadrat) at 3, 6, 9 and 12 months after commencement of the experiment in each 

quadrat. 

5.5.3. Data analysis 

Within each region, a three-factor analyses of variance was used to determine the 
significance of difference in seaweed recruitment density value for different species, 
removing sediment and adding sediment. Data were analysed using Statistica Version 
5.1 software. Comparison between the Darwin and Kupang regions was not included 

in the analysis due to differences in time (year) of data collection (see section 5.2.1) 
and level of species factor. In the Darwin region, species factor has 7 levels, but there 
are 8 levels of the factor in the Kupang region. Removing sediment and adding 
sediment factors have 2 levels both in the Darwin and Kupang regions. Species, 
removing sediment and adding sediment are fixed factors. 
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The homogeneity of variances of data was tested using Cochran's test. No data were 

transformed prior to the analysis. Since interaction between factors was not 

significant for all data, no multiple comparisons of means were done. 

5.3. Results 

5.3.1. Effects of sedimentation on recruitment of seaweeds in Darwin region 

In this region, the recruitment seaweed studied differed significantly between species 

in each sediment treatment at 3, 6, 9 and 12 months after commencement of the 

experiment (Table 5.1). Interaction between species and either removing sediment or 

adding sediment, and interaction between the three factors were not significant at all 

sampling dates (Table 5.1). 

After 12 months of the experiment, there was an effect of removing sediment, and of 

adding sediment (Table 5.1). Adding sediment effects were also significant after 9 

months (Table 5.1). However, there was no significant interaction between removing 

sediment and adding sediment in any of the four sampling dates (Table 5.1). These 

indicate that after 9 months, the recruitment of seaweed studied in this region was 

lowest in the sediment addition treatment, but difference between the three sediment 

treatments (i.e. the control, sediment removal and sediment removallreaddition 

treatments) was not significant. After 12 months however, it was significantly higher 

when sediment was removed and lower when sediment was added, but difference 

between the control (unmanipulated sediment) and the sediment removal/readdition 

treatment was not significant. 

Although recruitment of seaweed studied in the Darwin region were very low, there 

were maximum and minimum values during dry season (after 9 and 12 months of the 

experiments) and wet season (after 3 and 6 months) respectively. 
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Table 5.1. Analysis of the effect of sediment on recruitment of seaweeds in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Species (Sp) 6 7.645 15.857 <0.001*  C = 0.133 P> 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.007 0.015 0.903 
Adding 
sediment (As) 1 1.607 3.333 0.071 
SpxRs 6 0.074 0.153 0.988 
Sp x As 6 0.407 0.844 0.538 
Rs x As 1 0.007 0.015 0.903 
SpxRsxAs 6 0.074 0.153 0.988 
Error 112 0.482 

April Species (Sp) 6 5.124 19.129 <0.001 C = 0.133 P >0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.114 0.427 0.515 
Adding 
sediment (As) 1 0.257 0.960 0.329 
SpxRs 6 0.048 0.178 0.982 
SpxAs 6 0.124 0.462 0.835 
RsxAs 1 0.000 0.000 1.000 
Sp x Rs x As 6 0.000 0.000 1.000 
Error 112 0.268 

July Species (Sp) 6 15.895 9.046 <0.001 C = 0.096 P > 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 6.864 3.907 0.051 
Adding 
sediment (As) 1 7.779 4.427 0.038 
SpxRs 6 0.214 0.122 0.994 
SpxAs 6 0.262 0.149 0.989 
Rs x As 1 0.064 0.037 0.849 
SpxRsxAs 6 0.181 0.103 0.996 
Error 112 1.757 

October Species (Sp) 6 25.264 10.967 <0.001 C = 0.085 P > 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 12.600 5.470 0.021 
Adding 
sediment (As) 1 10.314 4.478 0.037 
Sp x Rs 6 0.650 0.282 0.944 
Sp x As 6 0.398 0.173 0.984 
RsxAs 1 0.257 0.112 0.739 
SpxRsxAs 6 0.307 0.133 0.992 
Error 112 2.304 

*significant P values (P < 0.05). 
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Of the seven seaweed species studied in this region, only three species (i.e. 

Acanthophora spicfera, Gracilaria salicornia and Sargassum decurrens) were 

present for all sampling dates (3, 6, 9 and 12 months after commencement of the 

experiment). Recruitment of one species (i.e. Padina australis) and three species (i.e. 

Anadyomene brownii, Caulerpa racemosa and Spyrideafilamentosa) was recorded at 

three and two sampling dates, respectively. 

The mean values for recruitment of Acanthophora spicifera as shown in Figure 5.1, 

reached maximum after 12 months of experiment. The highest recruitment recorded 

during the study (4.4 per 0.25 m2) occurred in the sediment removal treatment. The 

lowest value (1.0 per 0.25 m2) was obtained after 6 months of experiment in the 

sediment addition treatment. 

Recruitment of Anadyomene brownii was not found in the first and second sampling 

dates, but it occurred after 9 and 12 months of experiment in all treatments (Figure 

5.2). Mean values reached 2.2 per 0.25 m2  in the sediment removal treatment and 

1.6 per 0.25 m2both in the control and sediment removal/readdition treatments, but in 

the sediment addition treatment the greatest mean recruitment recorded was only 1.4 

per 0.25 m2, all after 12 months of experiment. 

The mean recruitment values of Caulerpa racemosa in each treatment are shown in 

Figure 5.3. The data indicate that the recruitment of the species occurred between 6 

and 12 months of experiment. Maximum mean recruitment values occurred after 12 

months in all treatments. The highest mean recruitment value (1.6 per 0.25 m2) was 

obtained in the sediment removal treatment. 
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Figure 5.1. The effect of sediment on recruitment of Acaizthophora spicifera in 
the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 

Figure 5.2. The effect of sediment on recruitment of Anadyomeize brownii in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 
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Figure 5.3. The effect of sediment on recruitment of Caulerpa racemosa in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 
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Figure 5.4. The effect of sediment on recruitment of Gracilaria salicornia in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 
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Recruitment of Gracilaria salicornia recorded at four sampling dates in each 

treatment is shown in Figure 5.4. The highest mean recruitment values were recorded 

in all treatments after 12 months of the experiment. The highest recruitment value 

recorded (2.8 per 0.25 m2) was in the sediment removal treatment. The lowest value 

(0.6 per 0.25 m2) was obtained after 3 months either in the sediment addition 

treatment or in the sediment removal/readdition treatment, and after 6 months, both 

in the sediment addition treatment and in the control. 

The mean values for recruitment of Padina australis recorded every three months in 

each treatment are presented in Figure 5.5. The data indicated that maximum 

recruitment values occurred after 12 months of the experiment and the 

species totally disappeared after 6 months of experiment in all treatments. The 

highest mean value recorded was 4.8 per 0.25 m2  in the sediment removal treatment. 

This value was also highest compared to the recruitment of the other species studied 

in this region. 

Recruitment of Sargassum decurrens as shown in Figure 5.6 was found at all 

sampling dates in each treatment. The mean values of the species recruitment were 

consistently lowest and highest after 3, 9 and 12 months where sediments were added 

and where sediments were removed respectively. The highest mean recruitment value 

recorded (2.8 per 0.25 m2) was obtained in the sediment removal treatment after 

12 months of experiment. The lowest value (0.4 per 0.25 m2) was recorded after 6 

months, both in the sediment addition and sediment removal/readdition treatments. 

Recruitment of Spyridea Jilamentosa in each treatment is presented in Figure 5.7. 

Maximum mean values of the species recruitment occurred after 12 months for all 

treatments. The highest recruitment value recorded was 2.6 per 0.25 m2  in the 

sediment removal treatment. At the first and second sampling dates (after 3 and 6 

months of experiment), the recruitment of the species was not found for all 

treatments. 
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Figure 5.5. The effect of sediment on recruitment of Padina australis in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 
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Figure 5.6. The effect of sediment on recruitment of Sargassurn decurrens in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 
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Figure 5.7. The effect of sediment on recruitment of Spyridea filamentosa in the 
Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (early October 1997), expressed as means 
(±SE) of 5 replicates. 

5.3.2. Effects of sedimentation on recruitment of seaweeds in Kupang region 

In this region, the recruitment of seaweed studied varied significantly between 

species at any sampling dates (Table 5.2). No significant was found for interaction 

between site and either removing sediment or adding sediment, and interaction 

between the three factors in any of the four sampling dates (Table 5.2). 

There was a significant effect of removing sediment on the recruitment after 6 months 

of the experiment (Table 5.2), but an effect of adding sediment and interaction 

between removing sediment and adding sediment were not significant (Table 5.2). 

This means that the recruitment of the seaweed studied after 6 months was higher 

either in the sediment removal or sediment removallreaddition treatments than either 
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Table 5.2. Analysis of the effect of sediment on recruitment of seaweeds in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Species(Sp) 7 4.392 8.077 <0.001 C=0.115P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 1.056 1.943 0.166 
Adding 
sediment (As) 1 0.756 1.391 0.240 
Sp x Rs 7 0.128 0.235 0.976 
SpxAs 7 0.113 0.209 0.983 
RsxAs 1 0.056 0.103 0.748 
SpxRsxAs 7 0.013 0.025 1.000 
Error 128 0.544 

April Species(Sp) 7 19.563 9.985 <0.001 C0.107P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 8.556 4.367 0.039 
Adding 
sediment (As) 1 7.656 3.907 0.051 
Sp x Rs 7 0.485 0.247 0.972 
Sp x As 7 0.528 0.269 0.965 
Rs x As 1 0.506 0.258 0.612 
SpxRsxAs 7 0.063 0.032 1.000 
Error 128 1.959 

July Species(Sp) 7 11.421 7.876 <0.001 C0.112P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 6.801 4.694 0.0321 
Adding 
sediment (As) 1 6.006 4.142 0.044 
Sp x Rs 7 0.492 0.339 0.935 
Sp x As 7 0.292 0.201 0.985 
RsxAs 1 0.156 0.108 0.743 
SpxRsxAs 7 0.071 0.049 1.000 
Error 128 1.450 

October Species(Sp) 7 4.957 8.093 <0.001 C=0.117P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 3.600 5.878 0.017 
Adding 
sediment (As) 1 3.025 4.939 0.028 
Sp x Rs 7 0.286 0.466 0.857 
Sp x As 7 0.168 0.274 0.963 
RsxAs 1 0.025 0.041 0.840 
SpxRsxAs 7 0.025 0.041 1.000 
Error 128 0.613 

*significant P values (P < 0.05). 
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in the sediment addition treatment or control, but significant differences between the 

sediment removal treatment and the sediment removallreaddition treatment, and 

between the sediment addition treatment and the control were not detected. 

The recruitment of the seaweed species studied in this region was also affected 

significantly by both removing sediment and adding sediment after 9 and 12 months 

(Table 5.2), but no interaction. This indicates that after 9 and 12 months, the seaweed 

species recruitment was lowest when sediment was added and highest when sediment 

was removed, but there was no significant difference between the sediment 

removal/readdition treatment and the control. 

Seaweed recruitment in the Kupang region was also very low and less than the same 

species occurring in the Darwin region. The highest recruitment was recorded after 6 

months of experiment, showing the annual 'growing season' during the wetter 

months. 

Of the eight seaweed species studied in this region, recruitment of five species was 

recorded at all four sampling dates. These are Acanthophora spicifera, Anadyomene 

brownii, Gracilaria salicornia, Padina australis and Sargassum polycystum. 

Recruitment of two species (i.e. Halimeda macroloba and Turbinaria ornata) and 

one species (i.e. Caulerpa racemosa) was found at the three sampling 

dates (after 6, 9 and 12 months of experiment) and at two sampling dates (after 6 and 

9 months of experiment) respectively. 

The mean values for recruitment of Acanthophora spicfera recorded every three 

months in all treatments are presented in Figure 5.8. The data indicate that 

recruitment was always lowest when sediment was added and highest when sediment 

was removed at all sampling dates. The highest and lowest values recorded were 3.0 

per 0.25 m2  after 6 months and 0.6 per 0.25 m2  after 3 months, respectively. 



Figure 5.8. The effect of sediment on recruitment of Acanthopliora spicifera in 
the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Figure 5.9. The effect of sediment on recruitment of Anadyomene brownii in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Recruitment of Anadyomene brownii recorded on four dates in each treatment is 

shown in Figure 5.9. This species showed a consistent lowest of recruitment in the 

sediment addition treatment than three other sediment treatments at all sampling 

dates. The highest mean recruitment value (1.4 per 0.25 m2) was recorded after 6 

months, both in the sediment removal and sediment removal/readdition treatments 

and after 9 months in the sediment removal treatment. The lowest value was 0.2 per 

0.25 m2  after 3 and 12 months, both in the sediment addition treatment. 

Recruitment of Caulerpa racemosa was very low and not found after 3 and 12 

months of experiment (Figure 5.10). The mean recruitment values of the species were 

lowest in the sediment addition treatment compared to the other treatments after 6 and 

9 months of experiment. Maximum values were obtained after 6 months in all 

treatments. The highest mean value recorded was 0.8 per 0.25 m2  in the sediment 

removal treatment. 

The mean recruitment values of Gracilaria salicornia from each treatment at all 

sampling dates are presented in Figure 5.11. The data show that lowest recruitment 

occurred where sediment was added at any of the sampling dates. The lowest mean 

recruitment recorded (0.4 per 0.25 m2) was obtained after 3 months of experiment. 

The highest value (1.8 per 0.25 m2) was recorded after 6 months both in the sediment 

removal and sediment removal/readdition treatments. 

The mean values of recruitment of Halimeda macroloba are shown in Figure 5.12. 

The highest mean value recorded (0.8 per 0.25 m2) was after 6 and 9 months of 

experiment in the control, sediment removal/readdition and sediment removal 

treatments. There was no recruitment of the species at the first sampling date (after 3 

months of experiment) in any of the treatments. 
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Figure 5.10. The effect of sediment on recruitment of Caulerpa raceinosa in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Figure 5.11. The effect of sediment on recruitment of Gracilaria salicornia in the 
Kupang region. Data are density per 0.25 m at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. - 
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Figure 5.12. The effect of sediment on recruitment of Halimeda inacroloba in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Figure 5.13. The effect of sediment on recruitment of Padina australis in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Figure 5.14. The effect of sediment on recruitment of Sargassum polycystum in 
the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 

Figure 5.15. The effect of sediment on recruitment of Turbinaria ornata in the 
Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment (end October 1998), expressed as means (±SE) 
of 5 replicates. 
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Recovery of Padina australis as shown in Figure 5.13 was always maximum and 

minimum at all sampling dates when sediment was removed and when sediment was 

added respectively. The highest mean recruitment value (4.0 per 0.25 m2) was 

obtained after 6 months in the sediment removal treatment. The lowest value (0.4 per 

0.25 m2) was recorded after 12 months of experiment in the sediment addition 

treatment. 

The recruitment of Sargassumpolycystum occurred at all four dates in any of the four 

treatments (Figure 5.14). The mean values of the species recruitment were maximum 

after 6 months of experiment at all treatments. The highest mean value recorded was 

3.6 per 0.25 m2in the sediment removal treatment. Minimum mean values occurred 

after 12 months at any treatments. The lowest value recorded (0.4 per 0.25 m2) was 

obtained in the sediment addition treatment. 

The mean values of Turbinaria ornata recruitment as shown in Figure 5.15 were very 

low at all treatments. The highest value recorded (0.6 per 0.25 m2) was obtained after 

9 months both in the control and sediment removal treatments and after 12 months in 

the sediment removal treatments. The recruitment of the species was not found 

after 3 months in each of the four treatments and after 6 months in the sediment 

addition treatment. 

5.4. Discussion 

Recruitment of seaweed species studied appeared to be greatest and smallest during 

particular seasons both in the Darwin and Kupang regions. The time of occurrence of 

the peak, however, differed between the two regions. Large density of recruits in the 

Darwin region occurred during the dry season, contrasting with the Kupang region 

where maximum value occurred during the wet season. Therefore, maximum in 

recruitment of seaweed species was the same season where cover of adult populations 
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and density of recovery were greatest (chapter 3 and chapter 4 of this thesis 

respectively). 

In the field, whenever water movement conditions are most favourable for seaweed 

spore settlement, they are also likely to be suitable for sediment settling (Santelices, 

1990). It has been suggested that sediments affect negatively seaweed recolonisation 

(e.g. Lilly et al., 1953; Moss et al., 1973; Neushul et al., 1976; Norton, 1978). This 

study supports this suggestion, where sediment appeared to inhibit seaweed 

recruitment. The results of the present study showed that the recruitment of seaweed 

studied was significantly lower in the sediment addition treatment compared to the 

sediment removal treatment at 9 and 12 months in the Darwin region and at 6, 9 and 

12 months after commencement of experiment. In addition, although the recruitment 

of seaweed at the other sampling dates in the two regions was not significantly 

different between sediment treatments, the value was lower when sediment was 

added. This implies that increased sediment on substratum prevented recruitment of 

seaweed species studied both in the Darwin and Kupang regions. 

The results of this study also show that the recruitment of the seaweed species was 

significantly higher in the sediment removal treatment compared to the control 

(unmanipulated sediment) after 12 months in the Darwin region and after 9 and 12 

months in the Kupang region. This implies that current sediment levels both in the 

Darwin and Kupang regions had an effect and reducing sediment layer from 

substrates would increase the success of seaweed recruitment. 

The effect of sedimentation on seaweed recruitment may involve effects on 

settlement, survival of early post-settlement stages, propagule attachment and on 

growth of already settled, microscopic plants into adult population survival (Vadas et 

al., 1992; Umar et al., 1998). Spores that settled on sediment particles may induce the 

eventual loss from the substratum before long, particularly on area subjected to faster 

moving water. Devinny & Volse (1978) found that the spores in Macrocystis cultures 
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greatly reduced the percentage of spores able to settle and grow on glass slide, even 

small quantities of sediments introduced before. In culture, Norton (1978) has also 

shown that an underlying layer of silt prevented attachment of young kelp 

sporophytes whereas an overlying layer of silt reduced light by 98% and inhibited 

development of microscopic gametophytes. Sediment scour (carried out in moving 

water) results in high mortality of early-post settlement stages or prevent the 

settlement of propagules (Vadas et al., 1992). Scour is thought to be important factor 

in substratum associated mortality to gametophytes and early post-settlement stages 

in nature (Neushul et al., 1976; Dayton et al., 1984). 

The result of this study, however, initially appear to contrast with a few reports 

suggesting a positive influence of sediment on seaweed recruitment. Kennelly (1983) 

has reported that sediment particles may beneficial to the seaweed by providing 

nutrients for early development or protecting from disturbance, especially water 

movement and grazers. In this study, however, the quantities of sediment applied was 

low and allowed the establisment of seaweed population under field conditions of 

water movement, differed from those applied by Devinny & Volse (1978). In order to 

explain an anomalous recruitment event of Ascophyllum juvenile, Keser & Larson 

(1984) inferred that zygotes of the species released during spring survived in the 

sediment or water column, and resettled during the fall. 

The recruitment of seaweed species studied both in the Darwin and Kupang regions 

was very low, even during a peak season. The greatest mean recruitment value 

recorded during the study reached only 4.8 plants per 0.25 m2  for Padina australis in 

the Darwin region. This indicates that contribution of recruitment in structuring beds 

or adult populations for seaweed species studied is small or less important than other 

components. Similar results were reported by several authors (e.g. DeWreede, 1983; 

Ang, 1985a; Paula & Eston, 1987; Ang & DeWreede, 1990; Vadas et al., 1990; 

McCook & Chapman, 1992). Some of these studies reported high mortality of 

recruits and suggested vegetative regeneration to be important contribution on overall 
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population size. The next chapter of this thesis (Chapter 6) reports the results of the 

experimental study on the vegetative regeneration of seaweed species and their 

response to sediment regimes. The study involves several species selected from both 

the Darwin and Kupang regions. 



CHAPTER 6 

EFFECTS OF SEDIMENTATION ON VEGETATIVE 

REGENERATION OF SEAWEEDS 

6.1. Introduction 

There is a lot of variety in the mechanisms whereby plants regenerate and there 

can be little doubt that this accounts for many of the differences in ecology 

observed between species (Grime, 1979). Regeneration by vegetative sprouting 

from damaged basal tissue is widespread phenomenon among seaweed species. 

Examples include sprouting from the wounded surface (Fletcher & Fletcher, 1975; 

L'Hardy-Halos & Larpent, 1983 for review), vegetative regeneration from 

perennial bases (Lubchenco & Menge, 1978; Sousa, 1980; Ang & DeWreede, 

1990), and vegetative regrowth from remnant crusts (McCook & Chapman, 1992; 

Kendrick, 1994). These regenerative processes have particular significance in the 

harvesting of species of commercially important genus such as Ascophyllum 

(Keser et al., 1981), Fucus (Knight & Parke, 1950; Keser et al., 1981) and 

Sargassum (Ang, 1985b), and also play an important role in overall population 

size (McLachlan & Chen, 1972; Ang & DeWreede, 1990; McCook & Chapman, 

1992; Perrone & Cecere, 1997). 

Vegetative regeneration in seaweed species has been widely examined by many 

investigators, particularly in laboratory studies. Such studies include histological 

and ultrastuctural studies of the wound healing and regenerative processes on 

Agardhiella subulata (Bradley & Cheney, 1990), Eucheuma denticulatum and 

Kappaphycus alvarezii (Dawes & Koch, 1991), Fucus spp. (Fuicher & McCully, 

1969), Sargassum fuitfendula (Fagerberg & Dawes, 1977), S. muticum (Givemaud 

et al., 1990), and Undaria pinnatfida (Kawashima & Tokuda, 1993). The effects 

of some environmental factors on regeneration processes have also been studied 

both in the laboratory and the field. These factors include temperature, daylength 

and light level on Sargassum muticurn (Hales & Fletcher, 1992), substratum on 

Solieria fihiformis (Perrone & Cecere, 1997), harvesting regimes on Ascophyllum 
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nodosum, Fucus vesiculosus and Mazzaella cornucopiae (Keser et at., 1981; 

Scrosati, 1998), and damage regimes on Fucus evanescens and F. veciculosus 

(McCook & Chapman, 1992). Sedimentation may also influence seaweed 

regeneration through burial, scouring and reduced light from increased turbidity. 

Sediment movement and deposition are considered to be important physical 

factors affecting marine organisms and environments (Johaimes, 1975; Dahi, 

1985; Rogers, 1990; Kendrick, 1991; Stafford-Smith, 1992; Larcombe et at., 

1995; Airoldi et at., 1996). Seaweed species may be one of major marine benthic 

organisms that are most affected by sediments as they are incapable of movement 

(Menge & Sutherland, 1987). Laboratory and field studies have demonstrated that 

an increased sediment load may represent a source of seaweed population stress 

and disturbance. This stress may prevent germination, smother gametophytes, 

inhibit attachment of spores or propagules, reduce recruitment, increase mortality 

of early post-settlement stages, remove plant tissue (whole or part of plant), and 

decrease light intensity and oxygen concentration (Lilly et at., 1953; Neushul et 

al., 1976; Norton, 1978; Deviimy & Volse, 1978; Taylor & Littler, 1982; 

D'Antonio, 1986; Umar et at., 1998). Less is known of the effects of 

sedimentation on vegetative regeneration of seaweeds. Some studies have been 

carried out in the intertidal fringing reef of tropical region by Umar et at. (1997) 

and Umar et al. (1998). These studies, however, were only done over a short 

period (four and three months respectively) and they did not involve the annual 

growth and die-back season or the annual dry-wet season. 

The purpose of the studies reported in this chapter was to investigate 

quantitatively the effects of sediment load on regeneration by vegetative regrowth 

from damaged holdfasts of seaweed species carried out over 12 months, both in 

the Darwin and Kupang regions. The species studied (see section 6.2.2) were 

selected as their populations were common and holdfasts were easily visible on 

the substratum. 
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6.2. Methods 

6.2.1. Sediment treatments 

The experiments reported in this chapter involved four sediment regimes: 

experimental removal, experimental removallreaddition, experimental addition 

and control (unmanipulated sediment). The procedures for each sediment 

treatment were described in Chapter 4 (section 4.2.1). The first three treatments 

were applied at the beginning of experiments and re-applied at two week intervals 

over 12 months (from early October 1997 to early October 1998 for experiment in 

the Darwin region and from end October 1998 to end October 1999 for 

experiment in the Kupang region). 

6.2.2. Seaweed vegetative regeneration recording method 

In the Darwin region, five seaweed species were selected to study. Three species 

were at Nightcliff Bay (i.e. Padina australis, Sargassum decurrens, Spyridea 

filamentosa) and one species was at Fannie Bay (i.e. Acanthophora spicfera)  and 

East Point Reserve (i.e. Anadyomene brownii). Six seaweed species were selected 

in the Kupang region. These were Acanthophora spicfera, Anadyomene brownii, 

Sargassum polycystum (Paradiso Bay), Padina australis (Bolok Bay), Halimeda 

macroloba and Turbinaria ornata (Tablolong Bay). 

Five replicate 50 cm x 50 cm permanent quadrats were randomly assigned (at the 

beginning of the experiment) to each treatment of each species of seaweed studied 

within each region. These quadrats were set up at the beginning of the experiment 

as described for the recovery experiment in Chapter 4 (section 4.2.2). The 

quadrats were marked out on substratum in areas dominated by the species 

studied. 

At the beginning of the experiment (before sediment manipulation), the erect parts 

of all seaweed studied were experimentally cut off (lopped), leaving only the 
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holdfasts, in 20 quadrats each species within each region. The position of each 

holdfast in each quadrat was recorded using quadrat maps before sediment 

manipulation and again at each sampling dates. Comparing these maps ensured 

that no new recruits were included. 

The vegetative regeneration of each seaweed species studied was recorded as 

density (number of plants per 0.25 m2  quadrat). Measurements of these data were 

carried out at 3, 6, 9 and 12 months after commencement of the experiment in 

each quadrat. 

6.2.3. Data analysis 

A three-factor design was applied in this experiment. The first factor was species 

(fixed, 5 levels for the experiment in the Darwin region and 6 levels for the 

experiment in the Kupang region). The second and third factors were removing 

sediment and adding sediment respectively. Both removing and adding sediment 

were fixed factors with 2 levels. Because of differences in level of species factor 

and in time (year) of data collection (see section 6.2.1), comparison between the 

Darwin and Kupang regions was not included in the analysis. 

To determine the significance of difference in seaweed vegetative regeneration 

density value for different species, removing and adding sediment levels, data 

obtained in each region were analysed separately using a three-factor analyses of 

variance (ANOVA) with Statistica Version 5.1. software. Cochran's C test was 

used for testing the homogeneity of variances of data. Data recorded at 3 and 6 

months after commencement of the experiment in the Darwin region were 

transformed (logarithmic). Other data (after 9 and 12 months) from the Darwin 

region and data from all sampling dates in the Kupang region were not 

transformed. No multiple comparisons of means of data were done because of the 

non significant interaction between the three factors. 
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6.3. Results 

6.3.1. Effects of sedimentation on vegetative regeneration of seaweeds in 

Darwin region 

In this region, the vegetative regeneration of seaweed studied varied significantly 

between species at all sampling dates (Table 6.1). There was no significant 

interaction between species and either removing or adding sediment, and 

interaction between the three factors (Table 6.1). 

After 9 and 12 months of the experiment, both removing and adding sediment 

affected significantly the vegetative regeneration of seaweed species studied, but 

no interaction (Table, 6.1). This indicates that the vegetative regeneration of the 

seaweeds was significantly higher when sediment was removed and lower when 

sediment was added, but difference between the control and the sediment 

removallreaddition treatment was not significant at 9 and 12 months after 

commencement of the experiment. 

There were maximum and minimum during particular seasons in the regeneration 

by vegetative regrowth from damaged holdfasts of seaweed species studied in the 

Darwin region. The vegetative regeneration increased sharply after 9 and 12 

months of experiment, showing the growing season during the dry season. 

Vegetative regeneration of three seaweed species studied in this region occurred 

at all sampling dates (at 3, 6, 9 and 12 months after commencement of the 

experiment) in each of the four treatments. The species were Acanthophora 

spicifera, Anadyomene brownii and Sargassum decurrens. Two other species (i.e. 

Padina australias and Spyridea filamentosa) were absent in all treatments after 6 

months of experiment. 
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Table 6.1. Analysis of the effect of sediment on vegetative regeneration of 
seaweeds in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Species(Sp) 4 0.535 8.674 <0.001 C = 0.113 P > 0.05 
1998 Removing Transformation: 

sediment (Rs) 1 0.032 0.519 0.473 logarithmic 
Adding 
sediment (As) 1 0.040 0.657 0.420 
Sp x Rs 4 0.005 0.076 0.989 
Sp x As 4 0.003 0.057 0.994 
Rs x As 1 0.000 0.003 0.954 
SpxRsxAs 4 0.001 0.015 1.000 
Error 80 0.062 

April Species(Sp) 4 0.871 37.074 <0.001 C=0.171 P>0.05 
1998 Removing Transformation: 

sediment (Rs) 1 0.017 0.737 0.394 logarithmic 
Adding 
sediment (As) 1 0.022 0.925 0.339 
Sp x Rs 4 0.008 0.335 0.854 
SpxAs 4 0.006 0.236 0.917 
Rs x As 1 0.001 0.043 0.836 
Sp x Rs x As 4 0.001 0.024 0.999 
Error 80 0.023 

July Species(Sp) 4 13.949 5.615 <0.001 C0.124P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 14.191 5.712 0.019 
Adding 
sediment (As) 1 15.735 6.334 0.014 
Sp x Rs 4 0.225 0.090 0.985 
SpxAs 4 0.276 0.111 0.978 
RsxAs 1 1.375 0.553 0.459 
SpxRsxAs 4 0.218 0.08 0.986 
Error 80 2.484 

October Species(Sp) 4 47.292 12.765 <0.001 C0.087P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 33.404 9.016 0.004 
Adding 
sediment (As) 1 40.261 10.867 0.001 
SpxRs 4 0.861 0.232 0.919 
SpxAs 4 0.888 0.240 0.915 
Rs x As 1 2.523 0.681 0.412 
SpxRsxAs 4 0.299 0.081 0.988 
Error 80 3.705 

*signilicant P values (P < 0.05). 
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The mean values for vegetative regeneration of Acanthophora spicifera from each 

treatment at all sampling dates are presented in Figure 6.1. The data show that at 

all sampling dates higher vegetative regeneration occurred where sediment was 

removed and lower where sediment was added. The highest mean value (8.0 per 

0.25 m2) was recorded after 12 months, while the lowest value recorded (1.8 per 

0.25 m2) was obtained at 6 months of the experiment. 

Vegetative regeneration of Anadyomene brownii as shown in Figure 6.2 reached a 

maximum in all treatments at 12 months after commencement of the experiment. 

The highest mean regeneration value (4.6 per 0.25 m2) was recorded in the 

sediment removal treatment. The lowest mean value recorded (0.2 per 0.25 m 2 ) 

was both in the sediment addition and sediment removallreaddition treatments 

after 6 months. 

The mean vegetative regeneration values of Padina australis recorded every three 

months in each treatment are shown in Figure 6.3. The data indicate that 

maximum vegetative regeneration values occurred 12 months after 

commencement of the experiment in all treatments. The highest mean value 

recorded was 8.0 per 0.25 m2  in the sediment removal treatment. The regeneration 

of this species was not found at 6 months in each of the four treatments. 

Vegetative regeneration of Sargassum decurrens as shown in Figure 6.4 was 

found at all sampling dates in each treatment. The mean values of the species 

vegetative regeneration were always higher in the sediment removal treatment 

than other treatments at any sampling dates. The highest mean regeneration value 

recorded was 6.0 per 0.25 m2  after 12 months. At 3, 9 and 12 months, the mean 

values were lower in the sediment addition treatment than the other three 

treatments. The lowest value recorded (0.8 per 0.25 m2) was obtained after 3 

months in the sediment addition treatment and after 6 months in the sediment 

addition, the control and the sediment removal/readdition treatments. 
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Figure 6.1. The effect of sediment on vegetative regeneration of Acantlzophora 
spicifera in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (early October 1997), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.2. The effect of sediment on vegetative regeneration of Anadyonzene 
brownii in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (early October 1997), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.3. The effect of sediment on vegetative regeneration of Padina 
australis in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (early October 1997), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.4. The effect of sediment on vegetative regeneration of Sargassum 
decurrens in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (early October 1997), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.5. The effect of sediment on vegetative regeneration of Spyridea 
filamentosa in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment (early October 1997), 
expressed as means (±SE) of 5 replicates. 

Vegetative regeneration of Spyridea filamentosa as shown in Figure 6.5 was not 

found at 6 months after commencement of experiment in any treatment. The mean 

values of the species regeneration after 9 and 12 months were highest when 

sediment was removed and lowest when sediment was added respectively. The 

highest mean value recorded was 4.2 per 0.25 m2  after 12 months. At the first 

sampling date (after 3 months of experiment), the mean value (0.6 per 0.25 m2) 

was the same for all treatments. 

6.3.2. Effects of sedimentation on vegetative regeneration of seaweeds in the 

Kupang region 

The vegetative regeneration of seaweed studied in this region differed 

significantly between species in any of the four sampling dates (Table 6.2). No 

significant was found for interaction between species and either removing and 

adding sediment, and interaction between the three factors (Table 6.2). 
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Table 6.2. Analysis of the effect of sediment on vegetative regeneration of 
seaweeds in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochrans 
Dates variation df MS F-ratio P-value C test 

January Species(Sp) 5 7.575 4.759 <0.001 C0.086P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 3.675 2.309 0.132 
Adding 
sediment (As) 1 4.408 2.770 0.099 
SpxRs 5 0.295 0.185 0.968 
SpxAs 5 0.268 0.169 0.974 
Rs x As 1 0.008 0.005 0.942 
Sp x Rs x As 5 0.068 0.043 0.999 
Error 96 1.592 

April Species(Sp) 5 49.268 13.331 <0.001 C = 0.087 P > 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 49.408 13.369 <0.001 
Adding 
sediment (As) 1 25.208 6.821 0.010 
SpxRs 5 1.508 0.408 0.842 
Sp x As 5 0.868 0.235 0.946 
Rs x As 1 3.008 0.814 0.369 
SpxRsxAs 5 0.188 0.051 0.998 
Error 96 3.696 

July Species(Sp) 5 30.140 11.482 <0.001 C0.100P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 34.133 13.003 <0.001 
Adding 
sediment (As) 1 17.633 6.717 0.011 
SpxRs 5 1.013 0.386 0.857 
Sp x As 5 0.713 0.272 0.928 
RsxAs 1 1.200 0.457 0.501 
Sp x Rs x As 5 0.200 0.076 0.996 
Error 96 2.625 

October Species(Sp) 5 33.508 28.721 <0.001 C=0.161 P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 9.075 7.779 0.006 
Adding 
sediment (As) 1 7.008 6.007 0.016 
SpxRs 5 1.015 0.870 0.504 
Sp x As 5 0.828 0.710 0.617 
Rs x As 1 0.675 0.579 0.449 
SpxRsxAs 5 0.095 0.081 0.995 
Error 96 1.167 

*significant P values (P < 0.05). 
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There was an effect of removing sediment, and of adding sediment on the 

vegetative regeneration of seaweed species studied after 6, 9 and 12 months of the 

experiment, but no interaction (Table 6.2). This means that after 6, 9 and 12 

months, the vegetative regeneration of the seaweeds in this region was 

significantly higher in the sediment removal treatment and lower in the sediment 

addition treatment, but the significant difference between the sediment 

removal/readdition and the control (unmanipulated sediment) was not detected. 

Vegetative regeneration of seaweed species studied in the Kupang region was 

generally lower than the same species studied in the Darwin region. All species 

studied in the Kupang region were, however, present at all sampling dates in each 

of the four sediment treatments. 

There were also greatest and smallest values in the seaweed vegetative 

regeneration in this region. The value increased during the first and second 

sampling dates (3 and 6 months) and then declined after 9 and 12 months, 

showing the armual die-back during dry season. 

The mean values for vegetative regeneration of Acanthophora spicfera as shown 

in Figure 6.6 were consistently highest and lowest when sediment was removed 

and when sediment was added at all sampling dates. The highest and lowest mean 

values recorded were 6.8 per 0.25 m2  after 6 months and 1.6 per 0.25 m2  after 3 

months of experiment. 

Vegetative regeneration of Anadyomene brownii recorded at four sampling dates 

in each treatment is shown in Figure 6.7. The data indicate that in each treatment 

maximum mean regeneration values of the species occurred after 6 months of 

experiment. The highest mean value recorded during study (3.2 per 0.25 m2) was 

obtained in the sediment removal treatment. The lowest value was 0.2 per 0.25 m2  

in the sediment addition treatment after 12 months. 
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Figure 6.6. The effect of sediment on vegetative regeneration of Acanthophora 
spicifera in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.7. The effect of sediment on vegetative regeneration of Anadyornene 
brownii in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 
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Vegetative regeneration of Halimeda macroloba as shown in Figure 6.8 was 

found at all sampling dates in each of the four treatments. The highest mean value 

for regeneration of the species was 3.4 per 0.25 m2  in the sediment removal 

treatment after 6 months of experiment. The lowest mean value recorded (1.0 per 

0.25 m2) was obtained in the sediment addition treatment after 12 months. 

The mean vegetative regeneration values of Padina australis in each treatment for 

all sampling dates are presented in Figure 6.9. The data show that maximum and 

minimum mean values occurred after 6 and 12 months of experiment respectively, 

in each of the four treatments. The highest value recorded (6.2 per 0.25 m2) was 

obtained in the sediment removal treatment, whereas the lowest one was 0.6 per 

0.25 m2  in the sediment addition treatment. 

The mean values for vegetative regeneration of Sargassum polycystum as shown 

in Figure 6.10, reached a maximum in any treatment 6 months after 

commencement of experiment. The highest mean value recorded was 6.8 per 0.25 

m2  in the sediment removal treatment. This value was also highest than the 

vegetative regeneration of the other species studied in this region. The lowest 

value (0.6 per 0.25 m2) was recorded in the sediment addition treatment after 12 

months. 

Vegetative regeneration of Turbinaria ornata as shown in Figure 6.11 was 

comparatively lower than the other species studied in this region. The mean values 

of regeneration for the species were always highest when sediment was removed 

and lowest when sediment was added at all sampling dates. The highest mean 

value recorded was 2.6 per 0.25 m2  in the sediment removal treatment at 6 months 

after commencement of experiment. The lowest value recorded (0.4 per 0.25 m2) 

occurred in the sediment addition treatment after 12 months. 
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Figure 6.8. The effect of sediment on vegetative regeneration of Halimeda 
macroloba in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 

Figure 6.9. The effect of sediment on vegetative regeneration of Padina 
australis in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 
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Figure 6.10. The effect of sediment on vegetative regeneration of Sargassuni 
polycystum in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 

Figure 6.11. The effect of sediment on vegetative regeneration of Turbinaria 
ornata in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment (end October 1998), 
expressed as means (±SE) of 5 replicates. 
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6.4. Discussion 

The vegetative regeneration of seaweed species studied both in the Darwin and in 

the Kupang regions clearly show maximum and minimum values during 

particular seasons. The five species in the Darwin region reached maximum 

regeneration from experimental damaged holdfasts during the dry season. In 

contrast, peak value for the six species in the Kupang region occurred in the wet 

season. Therefore, the peak occurrence of seaweed vegetative regeneration in the 

two regions coincided with maximum values of adult population cover (Chapter 

3), recovery (Chapter 4) and recruitment (Chapter 5). 

The results from this study show that although all species studied were able to 

regenerate from holdfasts alone after experimental lopping of erect parts, 

regeneration between species differed significantly at all sampling dates both in 

the Darwin and Kupang regions. This indicates that the regeneration process of 

the seaweed may be strongly dependent on a species ability to recover from 

damage. The ability of seaweed species to regenerate from damaged holdfasts 

may also depend on the severity of damage or by the effect of environmental 

factors, such as herbivory, light, temperature and substratum (Moss, 1964; 

McLachlan & Chen, 1972; Keser et al., 1981; Van Aistyne, 1989; McCook & 

Chapman, 1991, 1992; Hales & Fletcher, 1992; Perrone & Cecere, 1997; Scrosati, 

1998). The present study has also shown that sediment load, an important physical 

process in coastal environments, affects the success of the seaweed species to 

regenerate vegetatively. 

Marine benthic organisms, particularly seaweeds show different responses to 

sedimentation in marine ecosystems. Several authors have reported positive 

correlation between sedimentation and seaweeds. These include abundance of 

temperate algal turfs as a consequence of adaptations to the presence and 

movement of sediment in habitat (Stewart, 1983), domination of Rhodomela 

larix in the intertidal areas covered periodically with sand (D'Antonio, 1986), an 

enhanced cover of macroalgae in response to increased siltation (Catterall et al., 
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1992; Cortes, 1993) and reduction of most subtidal macroalga recolonization with 

lessened sediment supplies (Airoldi & Cinelli, 1997). The results of the present 

study, however, show that the addition of sediment led to less regeneration than 

sediment removal treatment at most sampling dates (after 9 and 12 months in the 

Darwin region and after 6, 9 and 12 months in the Kupang region). This suggests 

that regeneration of seaweed species from damaged holdfasts were negatively 

affected by sedimentation in the two regions. Lower regeneration of tropical 

seaweed species with higher sediment load has been also observed by Umar et al. 

(1997) for Gracilaria blodgettii and Sargassum hystrix in Otan Bay (Semau 

Island, Kupang region, Indonesia) and Umar et al. (1998) for Sargassum 

microphyllum in Geoffrey Bay (Magnetic Island, Great Barrier Reef region, 

Australia). 

The vegetative regeneration of the seaweed studied appeared to be consistently 

higher when sediment was removed and lower when sediment was added in each 

of the four sampling dates. This suggests that the vegetative regeneration of the 

seaweed species studied apparently would increase by reducing sediment layer, 

but reduce by increasing sediment layer from substrates, both in the Darwin and 

Kupang regions. 

The results of this study also show that difference between the control 

(unmanipulated sediment) and the sediment removal treatment were statistically 

significant in the Darwin region after 9 and 12 months and in the Kupang region 

after 6, 9 and 12 months. This implies that the vegetative regeneration of seaweed 

species studied was influenced by current sediment levels, although their effects 

were not as strong as the sediment addition treatment effects. 

The mechanisms by which sediment deposition affected regeneration of seaweed 

species both in the Darwin and Kupang regions may involve direct effect of 

smothering and scouring. If short fronds occurred (e.g. from vegetative 

regeneration), an ensuing episode of sedimentation could smother or kill them 

(Roy & Smith, 1971; Choi, 1982; Rogers, 1990; Umar et al., 1998). Sediment 
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carried in moving water may represent a disturbance agent by removing plant 

tissues, whole plants or part of them, and reducing budgets of light and oxygen 

(Lilly et al., 1953; Norton, 1978; Devinny & Volse, 1978; Taylor & Littler, 1982; 

D'Antonio, 1986; Kendrick, 1991; Catterall et al., 1992). 

Comparison of the density (number of plant per 0.25 m2  quadrat) from the 

recruitment experiment (Chapter 4) and from the vegetative regeneration 

experiment (this chapter) clearly shows lower density of the seaweed species 

studied from the recruitment experiment. This suggests that the ability of the 

seaweed species studied to regenerate from damaged thalli (holdfasts only) may 

be important during recovery from disturbance, especially since the species were 

found to have low recruitment. The importance of vegetative regeneration in 

seaweed populations was also emphasized by numerous previous ecologists, such 

as Ascophyllum nodosum (Keser et al., 1981; Cousens, 1985; Vadas et al., 1990), 

Fucus spp. (Keser et al., 1981; McCook & Chapman, 1992), Gigartina acicu!aris 

(Bradley & Cheney, 1990), Eucheuma denticu!atum and Kappaphycus alvarezii 

(Dawes & Koch, 1991), Solieria fihiformis (Perrone & Cerere, 1997), and 

Sargassum spp. (Ang, 1985b; Ang & DeWreede, 1990; Umar et al., 1998). 

In summary, the results of this study provide evidence that increased sediment 

load inhibit vegetative regeneration of seaweed species, but this value would 

increase when the thickness of sediment on the reef substrates was reduced. 

Similar results were found for recovery (Chapter 4) and recruitment (Chapter 5). 

This implies that sedimentation is detrimental for all major early life history 

stages of seaweed species. Sedimentation may also have a critical effect on other 

life history stages of seaweed species, including growth and survival. Chapter 7 

reports the results from an experimental study of the effects of sedimentation on 

growth and survival of seaweed species in the Darwin and Kupang regions. 



CHAPTER 7 

EFFECTS OF SEDIMENTATION ON GROWTH 

AND SURVIVAL OF SEAWEEDS 

7.1. Introduction 

Growth and survival stages are critical to the successful establishment of benthic 

populations, including seaweeds. Several environmental factors have been 

mentioned as potentially restrictive to seaweed growth and survival. Among these, 

temperature (sometimes in combination with some specific daylength, irradiance 

and salinity requirements for reproduction, photosynthesis and respiration) is 

probably the most important (e.g. Luning & Neushul, 1978; Hanisak, 1979; 

Bolton, 1983; Lapointe et al., 1984; Breeman, 1988; Glenn & Doty, 1990; 

Bischoff & Wiencke, 1993; Friedlander et al., 1993; Kristiansen et al., 1994; 

Komatsu et al., 1997; Macchiavello et al., 1998; Yokoya et al., 1999). The 

importance of other factors such as hydrodynamics (Santelices, 1977; Glenn & 

Doty, 1981, 1992; McQuaid & Branch, 1984; Ohta & Ninomiya, 1990), nutrients 

(Lapointe, 1986; Glenn & Doty, 1990; Braga & Yoneshigue-Valentine, 1994; 

Brown, 1995; Cronin & Hay, 1996; Sousa-Pinto et al., 1996) and predation or 

herbivory (Hay, 1981; Dean et al., 1984; Stimson et al., 1996), has also been 

stressed. Species of seaweed have been found to grow and survive on numerous 

types of substrata, but they are commonly most abundant on hard substrata with 

little or no sediment cover (e.g. DeWreede, 1973; Dayton, 1975; Daly & 

Mathieson, 1977; Round, 1981; Littler et al., 1983; McCourt, 1984; Fernandez et 

al., 1990; Konar & Roberts, 1996; Gorostiaga & Dlez, 1996; McCook, 1996, 

1997; Albrecht, 1998). Thus, the presence of sediment on the substratum may 

influence the growth and survival of seaweeds. 

Increase in sedimentation within marine ecosystems has been suggested as being 

responsible for increasing turbidity which could reduce light availability for 

photosynthesis and affect nutrient uptake and gas exchange (Roy & Smith, 1971; 

Dallmeyer et al., 1982; Pastorok & Bilyard, 1985; D'Antonio, 1986; Hellawell, 
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1986; Abdel-Salam & Porter, 1989; Rogers, 1990; Newcombe & McDonald, 

1991; Catterall et al., 1992; Vergara et al., 1997). Increases in ambient suspended 

and settling sediments has been found to decrease survival and growth rates of 

coral species (Dodge et al., 1974; Bak, 1978; Hudson & Robbin, 1980; Yamazato, 

1987; Pringle, 1989; Brown et al., 1990a; Stafford-Smith, 1992). Reduction in 

growth rates of mangroves and seagrasses resulting from an increase siltation has 

also been reported (Pringle, 1989). In the case of seaweeds, high sediment cover 

on the substratum has been observed to reduce the growth of Laminaria 

saccharina (Lyngby & Mortensen, 1996), and the growth and survival of 

Gracilaria arcuata and Sargassum microphyllum (LJmar, 1997; Umar et al., 

1998). To date, however, there have been no field experimental studies 

investigating the effects of sedimentation on the growth and survival of dry-wet 

tropic seaweed species, particularly in the Darwin and Kupang regions. 

The aim of the study reported in this chapter was to quantitatively investigate the 

effects of variation in sediment load on growth and survival of selected species of 

seaweeds, both in Darwin and Kupang regions. The approach involved two 

separate experiments in each region. The first experiment, using quadrats, tested 

the effects of sedimentation on growth and survival of seaweed species that have 

relatively simple morphology in thallus. The second experiment using 

individually tagged pre-existing thalli examined the effects of sedimentation on 

growth and survival of seaweed species that have relatively complex morphology 

in thallus. Both experiments were carried out during growing season (in the dry 

season for experiment in Darwin region and in the wet season for experiment in 

Kupang region). 

7.2. Methods 

7.2.1. Sediment treatments 

All of the four sediment treatments and procedures as described in Chapter 4 

(section 4.2.1) were applied in each experiment reported in this chapter. Except 
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the control (unmanipulated sediment), the three other treatments (i.e. sediment 

removal, sediment removallreaddition and sediment addition treatments) were 

applied at the beginning of experiments (from early April to early October 1998 

for experiment in the Darwin region and from early October 1998 to early April 

1999 for experiment in the Kupang region). These treatments were then reapplied 

at two week intervals over 6 months in each experiment, both in the Darwin and 

Kupang regions. 

7.2.2. Seaweed growth and survival recording methods 

7.2.2.1. Permanent ouadrats (experiment 1 

This experiment was used for testing the effects of sedimentation on seaweed 

species that have relatively simple in thallus morphology. In the Darwin region, 

three species were selected to study. One species (i.e. Padina australis) was at 

Nighcliff Bay and two other species (i.e. Anadyomene brownii and Gracilaria 

salicornia) were at East Point Reserve. Four seaweed species were selected in the 

Kupang region, including two species at Paradiso Bay (i.e. Anadyomene brownii 

and Gracilaria salicornia) and one species at Bolok Bay (i.e. Padina australis) 

and at Tablolong Bay (i.e. Halimeda macroloba). 

Within each region, five replicate 50 cm x 50 cm permanent quadrats were 

randomly assigned (at the beginning of experiment) to each treatment of each 

seaweed species studied. These quadrats were set up at the beginning of the 

experiment as described for the recovery experiment in Chapter 4 (section 4.2.2). 

The quadrats were marked out on substratum dominated by the species studied. 

To test for effects of sediments on whole populations, this experiment measured 

abundance of pre-existing plants. In this case, all thalli of seaweed species studied 

inside quadrats were left undisturbed at the beginning of experiment. The position 

of holdfast of each thalli in each quadrat was recorded using quadrat maps before 

sediment manipulation and again after 3 and 6 months (immediately before data 
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recording). Comparing these maps ensured that no new plants were included in 

the data measurement. 

The abundance of seaweed species in this experiment was recorded in terms of 

both percent cover (growth) and density (survival). A 100 point string grid was 

used for estimating percent cover, while density was recorded as the total number 

of individual seaweed studied in quadrat. Both percent cover and density were 

recorded immediately before sediment manipulation (at the begiiming of the 

experiment), and 3 and 6 months thereafter. 

7.2.2.2. Tagging plants (experiment 2) 

This experiment was applied to test the effects of sedimentation on seaweed 

species that have relatively complex thallus morphology. Three species were 

selected in the Darwin region, namely Acanthophora spicfera (Fannie Bay), 

Sargassum decurrens and Spyridea filamentosa (Nightcliff Bay). In the Kupang 

region, three seaweed species were also selected to study. These were 

Acanthophora spicfera and Sargassum polycystum (Paradiso Bay) and 

Turbinaria ornata (Tablolong Bay). 

In each region, five groups of thalli (replicates) were randomly assigned to each 

treatment of each species of seaweed studied. Each group included four 

individually tagged seaweed thalli. These thalli were labeled with small tags 

inserted in the substratum adjacent to the holdfast. The five replicates for each 

treatment were separated a little (between 0.5 in to 0.8 m) from those of other 

treatments to ensure that they did not interfere with each other (e.g. sediment from 

an addition washing into a removal). This does mean that treatment effects are 

confounded with potential spatial effects but, as the distance was small, the latter 

should not be large. Also the results of this experiment can be compared to those 

of other experiments (e.g. permanent quadrats) where this is not a problem. 

Similar situations occur in chapter 8 (section 8.2.2.2). 
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The growth and survival of the seaweed species studied were recorded as the 

length and number of primary laterals present in each thallus respectively. The 

length and number of primary laterals were recorded before manipulation of 

sediment (at the beginning of the experiment), and 3 and 6 months thereafter. 

7.2.3. Data analysis 

7.2.3.1. Permanent civadrats (exneriment 1 

The experimental design used in this experiment was based on three-factor 

analyses of variance (ANOVA). The first factor was species (fixed, 3 levels for 

the experiment in the Darwin region and 4 levels for the experiment in the 

Kupang region). The second and third factors were removing sediment and adding 

sediment respectively. Both removing sediment and adding sediment were fixed 

factors with 2 levels. 

Data were analysed using statistica Version 5.1 software. Data included in the 

analyses were proportion change in percent cover and density (i.e. the value after 

3, or 6, months divided by the value taken before the experiment started). 

Cochran's C test was used to confirm the homogeneity of variances of data. Only 

the proportion change in density data after 6 months in the Kupang region were 

transformed (logarithmic). 

7.2.3.2. Tagging plants (experiment 2 

The experimental design applied in this experiment was a four-factors nested 

ANOVA. The first factor was species (fixed, 3 levels). The second factor was 

groups of thalli (replicates) (random, 5 levels and nested in species, removing 

sediment and adding sediment factors). The third and fourth factors were 

removing sediment and adding sediment respectively, both fixed with 2 levels. 
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Data analysed in this experiment were proportion change in length and number of 

primary laterals (procedure as described in the section 7.2.3.1). These data were 

analysed using Statistica Version 5.1 software. The homogeneity of variances of 

data was tested using Cocbrans's C test. The proportion change data from the 

experiment in the Darwin region were all transformed, while no data from Kupang 

region were transformed prior to the analyses. 

7.3. Results 

7.3.1. Effects of sedimentation on growth and survival of seaweeds in Darwin 

region 

7.3.1.1. Permanent civadrats (exneriment 1 

In this region, proportion change in percent cover, and in density of seaweed 

studied differed significantly between species at any dates after sediment 

manipulations (Tables 7.1 and 7.2). However, significant interactions between 

species and either removing sediment or adding sediment were not detected. 

There was also no significant interaction between species, removing sediment and 

adding sediment. 

After 6 month of the experiment, the proportion change in percent cover was 

affected significantly by either removing or adding sediment, but no interaction 

(Table 7.1). This indicates that the proportion change in percent cover after 6 

months was highest in the sediment removal treatment and lowest in the sediment 

addition treatment, but difference between the control and sediment 

removal/readdition treatment was not significant. 

The mean values of proportion change in percent cover for Anadyomene brown ii 

in each treatment are shown in Figure 7.1. The data indicate that after 6 months, 

the proportion change in percent cover values significantly reduced in the sediment 
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Table 7.1. Analysis of the effect of sediment on growth of seaweeds in the 
Darwin region (experiment 1). Data are proportion change in percent cover 
after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species(Sp) 2 1.326 28.212 <0.001*  C0.255P<0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.158 3.364 0.073 
Adding 
sediment (As) 1 0.127 2.702 0.108 
SpxRs 2 0.021 0.453 0.639 
SpxAs 2 0.080 1.692 0.195 
RsxAs 1 0.001 0.028 0.868 
SpxRsxAs 2 0.017 0.369 0.694 
Error 48 0.047 

October Species(Sp) 2 2.593 39.133 <0.001 C=0.273P<O.05 
1998 Removing Transformation: nil 

sediment(Rs) 1 0.538 8.114 0.006 
Adding 
sediment (As) 1 0.479 7.226 0.0 10* 
SpxRs 2 0.041 0.616 0.544 
SpxAs 2 0.074 1.111 0.338 
RsxAs 1 0.142 2.144 0.150 
SpxRsxAs 2 0.007 0.116 0.890 
Error 48 0.066 

*significant P values (P < 0.05). 

addition treatment, but increased in other treatments. The highest value recorded 

was 1.74 in the sediment removal treatment. 

Density of Anadyomene brown/i in term of proportion change values after 3 and 6 

months in each of the four treatments is presented in Figure 7.2. This figure shows 

that mean values of proportion change in density of the species reduced in all 

sediment treatments, but a small decrease occurred in the sediment removal 

treatment. The lowest value recorded was 0.82 in the sediment addition treatment 

after 6 months. 
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Table 7.2. Analysis of the effect of sediment on survival of seaweeds in the 
Darwin region (experiment 1). Data are proportion change in density per 
0.25 m2  after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species(Sp) 2 0.178 61.340 <0.001 C = 0.272 P < 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.005 1.677 0.201 
Adding 
sediment (As) 1 0.003 1.114 0.297 
Sp x Rs 2 0.000 0.022 0.979 
Sp x As 2 0.002 0.760 0.473 
RsxAs 1 0.004 1.217 0.275 
Sp x Rs x As 2 0.007 2.320 0.109 
Error 48 0.003 

October Species (Sp) 2 0.427 121.834 <0.001 C = 0.208 P < 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.012 3.434 0.070 
Adding 
sediment (As) 1 0.013 3.765 0.058 
Sp x Rs 2 0.000 0.023 0.977 
SpxAs 2 0.002 0.488 0.617 
RsxAs 1 0.001 0.251 0.818 
Sp x Rs x As 2 0.000 0.063 0.939 
Error 48 0.004 

*siguificant P values (P < 0.05). 

The mean proportion change in percent cover values for Gracilaria salicornia at 3 

and 6 months after commencement of the experiment for all treatments in this 

region are presented in Figure 7.3. The data show that mean values of 

proportion change in percent cover of the species in the control was 

consistently higher than in the sediment addition treatment and slightly lower 

compared to either the sediment removal or sediment removaL1readdition 

treatments. The value in the sediment removal treatment was almost the same as 

in the sediment removal/readdition treatment for both dates. 
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Figure 7.1. The effect of sediment on growth of Anadyomene brownii in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 

Figure 7.2. The effect of sediment on survival of Anadyomene brownii in the 
Darwin region. Data are proportion change in density per 0.25 m2  after 3 and 
6 months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 
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Figure 7.3. The effect of sediment on growth of Gracilaria salicornia in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 
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Figure 7.4. The effect of sediment on survival of Gracilaria salicornia in the 
Darwin region. Data are proportion change in density per 0.25 m2  after 3 and 
6 months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 
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Figure 7.5. The effect of sediment on growth of Fadina australis in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 
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Figure 7.6. The effect of sediment on survival of Padina australis in the 
Darwin region. Data are proportion change in density per 0.25 m2  after 3 and 
6 months of the experiment (early April 1998), expressed as means (±SE) of 5 
replicates. 
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The mean values of proportion change in density for Gracilaria salicornia after 3 

and 6 months (Figure 7.4) were lowest and highest in the sediment addition and 

sediment removal treatments respectively. However, there was no significant 

difference between treatments in any dates (Table 7.2). 

The mean proportion change in percent cover values of Padina australis in each 

of the four treatments are presented in Figure 7.5. This figure illustrates that mean 

proportion change in percent cover values of the species were consistently highest 

and lowest when sediment was removed and when sediment was added 

respectively, at 3 and 6 months after commencement of the experiment. The value 

was slightly higher in the control compared to the sediment removal/readdition 

treatment. 

The mean values of proportion change in density for Padina australis in each 

treatment in this region are shown in Figure 7.6. The data indicate that the mean 

proportion change in density values of the species were slightly lowest in the 

control after 3 months and in the sediment addition treatment after 6 months, and 

was slightly highest in the sediment removal treatment in both dates, although 

these differences were not statistically significant (Table 7.2). 

7.3.1.2. Tagging plants (experiment 2 

In this region, the proportion change in length of primary laterals of the seaweed 

varied significantly between species after 3 and 6 months of the experiments 

(Table 7.3). There were also significant differences between species for the 

proportion change in number of primary laterals after 3 months, and between 

replicates for the proportion change in length of primary laterals after 6 months 

(Tables 7.3 and 7.4). No significant interaction between factors was found in the 

two dates (Tables 7.3 and 7.4). 

The proportion change in length and number of primary laterals for the seaweed 

species, studied significantly influenced by either removing sediment and adding 
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Table 7.3. Analysis of the effect of sediment on growth of seaweeds in the 
Darwin region (experiment 2). Data are proportion change in length of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species (Sp) 2 3.591 575.793 <0.001 C = 0.070 P < 0.05 
1998 Replicate (Rp) 48 0.006 1.221 0.177 Transformation: 

Removing logarithmic 
sediment (Rs) 1 0.028 4.515 0.039k  
Adding 
sediment (As) 1 0.023 3.654 0.062 
Sp x Rs 2 0.002 0.370 0.692 
Sp x As 2 0.003 0.424 0.657 
RsxAs 1 0.000 0.016 0.900 
Sp x Rs x As 2 0.001 0.096 0.909 
Error 180 0.005 

October Species (Sp) 2 9.020 922.074 <0.001 C = 0.064 P < 0.05 
1998 Replicate (Rp) 48 0.010 1.467 0.039 Transformation: 

Removing logarithmic 
sediment (Rs) 1 0.128 13.048 0.001 
Adding 
sediment (As) 1 0.044 4.527 0.039 
SpxRs 2 0.013 1.338 0.272 
Sp x As 2 0.007 0.736 0.484 
Rs x As 1 0.005 0.482 0.491 
Sp x Rs x As 2 0.003 0.254 0.777 
Error 180 0.010 

*significant P values (P < 0.05). 

sediment at 6 months after commencement of the experiments (Tables 7.3 and 

7.4). Removing sediment effects were also significant on the proportion change in 

length of primary laterals after 3 months (Table 7.3). However, significant 

interaction between the two factors was not found (Tables 7.3 and 7.4). Thus, the 

proportion change both in length and number of primary laterals after 6 months in 

the control and the sediment removallreaddition treatment was not statistically 

different, but it was significantly highest in the sediment removal treatment and 

lowest in the sediment addition treatment. In addition, the proportion change in 

length of primary laterals after 3 months in the sediment removed (sediment 
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Table 7.4. Analysis of the effect of sediment on survival of seaweeds in the 
Darwin region (experiment 2). Data are proportion change in number of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species (Sp) 2 0.004 3.254 0.047 C = 0.086 P < 0.05 
1998 Replicate (Rp) 48 0.001 0.576 0.987 Transformation: 

Removing logarithmic 
sediment (Rs) 1 0.002 1.489 0.228 
Adding 
sediment (As) 1 0.004 3.464 0.069 
SpxRs 2 0.000 0.148 0.863 
Sp x As 2 0.000 0.246 0.783 
Rs x As 1 0.000 0.088 0.769 
Sp x Rs x As 2 0.002 1.445 0.246 
Error 180 0.002 

October Species(Sp) 2 0.001 0.219 0.804 C = 0.084 P < 0.05 
1998 Replicate (Rp) 48 0.002 0.946 0.577 Transformation: 

Removing logarithmic 
sediment (Rs) 1 0.013 5.745 0.020 
Adding 
sediment (As) 1 0.018 7.933 0.007 
Sp x Rs 2 0.001 0.657 0.523 
SpxAs 2 0.000 0.116 0.890 
Rs x As 1 0.001 0.473 0.495 
SpxRsxAs 2 0.000 0.171 0.840 
Error 180 0.002 

*Significant P values (P < 0.05). 

removal and removaL'readdition treatments) was significantly higher than in the 

sediment not removed (sediment addition treatment and control), but differences 

between the sediment removal treatment and sediment removal/readdition 

treatment and between the control and the sediment addition treatment were not 

significant. 

The mean values of proportion change in length of primary laterals for 

Acanthophora spicfera for all treatments in each of the two sampling dates in this 
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region are presented in Figure 7.7. This figure indicates that mean proportion 

change values in primary lateral length of the species were almost the same for all 

treatments after 3 months of the experiment. However, the value was smallest in 

the sediment addition treatment after 6 months. The highest value recorded was 

4.04 in the sediment removal treatment after 6 months. 

The mean values of proportion change in number of primary laterals for 

Acanthophora spiqfera after 3 and 6 months in each treatment are shown in 

Figure 7.8. The data indicate that mean proportion change values in primary 

lateral length for the species had similar trend in both dates where the greatest 

decrease was in the sediment addition treatment and the smallest decrease 

occurred in the sediment removal treatment, followed by the control and the 

sediment removal/readdition treatment. 

The mean length values of Sargassum decurrens primary laterals in term of 

proportion change after 3 and 6 months as shown in Figure 7.9 were highest when 

sediment was removed and lowest when sediment was added. The values in the 

control and in the sediment removaL/readdition treatment were similar in the two 

dates. 

The mean proportion change values in number of primary laterals for Sargassum 

decurrens as shown in Figure 7.10 decreased greatly in the sediment addition 

treatment, particularly after 6 months of the experiment. The value was almost the 

same in other three treatments after 3 months, but was highest in the sediment 

removal treatment after 6 months. 

The mean proportion change values in length of primary laterals for Spyridea 

Jilamentosa after 3 and 6 months of the experiment in each treatment are shown in 

Figure 7.11. This figure illustrates that mean values were consistently lowest in 

the sediment addition treatment and highest in the sediment removal treatment in 

the two dates. 
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Figure 7.7. The effect of sediment on growth of Acanthophora spicifera in the 
Darwin region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.8. The effect of sediment on survival of Acanthophora spicifera in the 
Darwin region. Data are proportion change in number of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.9. The effect of sediment on growth of Sargassuni decurrens in the 
Darwin region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.10. The effect of sediment on survival of Sargassum decurrens in the 
Darwin region. Data are proportion change in number of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.11. The effect of sediment on growth of Spyridea filarnentosa in the 
Darwin region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.12. The effect of sediment on survival of Spyrideafilamentosa in the 
Darwin region. Data are proportion change in number of primary laterals 
after 3 and 6 months of the experiment (early April 1998), expressed as 
means (±SE) of 20 replicates. 
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The mean values of proportion change in primary lateral number for Spyridea 

fliamentosa from all treatments at 3 and 6 months after conm-iencement of the 

experiment in the Darwin region are presented in Figure 7.12. The lowest mean 

values occurred in the sediment removallreaddition treatment after 3 months and 

in the sediment addition treatment after 6 months. The highest values were 

obtained in the sediment removal treatment, both after 3 and 6 months. 

7.3.2. Effects of sedimentation on growth and survival of seaweeds in Kupang 

region 

7.3.2.1. Permanent civadrats (exDeriment 1 

In this region, proportion change in percent cover and density of the seaweed 

studied varied significantly between species in any dates (Tables 7.5 and 7.6) in 

each of the four sediment treatments. However, there were no significant 

interactions between species and either removing sediment or adding sediment 

and between the three factors in the two dates (Tables 7.5 and 7.6). 

After 6 months of the experiment, both removing sediment and adding sediment 

effects were significant on the proportion change in percent cover of seaweed 

species studied, but no interaction (Table 7.5). This means that the proportion 

change in seaweed percent cover after 6 months was significantly lowest in the 

sediment addition treatment and highest in the sediment removal treatment 

respectively, but difference between the control and sediment removal/readdition 

treatment was not significant. 

The mean values of proportion change in percent cover for Anadyomene brown ii 

recorded in this region at all treatments are shown in Figure 7.13. The data 

indicate that the mean values increased at 3 and 6 months after commencement of 

the experiment in all treatments, but the smallest and greatest increase occurred 

when sediment was added and when sediment was removed respectively, 
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Table 7.5. Analysis of the effect of sediment on growth of seaweeds in the 
Kupang region (experiment 1). Data are proportion change in percent cover 
after 3 and 6 months of the experiment. 

Sampling Source of df MS F-ratio P-value Cochran' 
Dates Variation C test 

January Snecies (Sp) 3 0.899 17.790 <0.001 C = 0.183 P < 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.161 3.187 0.079 
Adding 
sediment (As) 1 0.147 2.909 0.093 
Sp x Rs 3 0.022 0.426 0.735 
SpxAs 3 0.054 1.071 0.368 
RsxAs 1 0.029 0.564 0.455 
Sp x Rs x As 3 0.022 0.428 0.734 
Error 64 0.051 

April Species(Sp) 3 4.189 31.825 <0.001 C0.181 P<0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.672 5.102 0.027 
Adding 
sediment (As) 1 0.646 4.909 0.030* 
Sp x Rs 3 0.035 0.267 0.544 
Sp x As 3 0.074 0.566 0.338 
RsxAs 1 0.006 0.048 0.150 
Sp x Rs x As 3 0.027 0.207 0.890 
Error 64 0.132 

*signiflcant P values (P < 0.05). 

especially after 6 months. The value was slightly higher in the sediment 

removal/readdition treatment compared to the control, both after 3 and 6 months. 

The mean proportion change values in density of Anadyomene brown ii in this 

region (Figure 7.14) reduced at all treatments after 3 and 6 months of the 

experiment, but the greatest decrease occurred in the sediment addition treatment. 

Difference between treatments however, was not significant at the two dates 

(Table 7.6). 
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Table 7.6. Analysis of the effect of sediment on survival of seaweeds in the 
Kupang region (experiment 1). Data are proportion change in density per 
0.25 m2  after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

January Species(Sp) 3 0.072 26.071 <0.001 C0.159P<O.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.009 3.126 0.082 
Adding 
sediment (As) 1 0.007 2.418 0.125 
SpxRs 3 0.003 0.960 0.417 
SpxAs 3 0.002 0.712 0.548 
Rs x As 1 0.004 1.474 0.229 
Sp x Rs x As 3 0.002 0.472 0.461 
Error 64 0.003 

April Species (Sp) 3 0.012 61.027 <0.001 C = 0.207 P <0.05 
1999 Removing Transformation: 

sediment (Rs) 1 0.001 3.444 0.068 logarithmic 
Adding 
sediment (As) 1 0.001 3.469 0.067 
Sp x Rs 3 0.000 0.410 0.747 
Sp x As 3 0.000 0.535 0.660 
Rs x As 1 0.000 0.014 0.906 
SpxRsxAs 3 0.000 0.170 0.916 
Error 64 0.000 

Significant P values (P < 0.05). 

The mean proportion change values in percent cover for Gracilaria salicornia in 

this region as shown in Figure 7.15 were almost the same for all treatments after 3 

months of the experiment. However, the values in the sediment removal treatment 

and in the sediment removal/readdition treatment were comparatively higher than 

either in the control or sediment addition treatment at 6 months after 

commencement of the experiment. 
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The mean values of proportion change in density of Gracilaria salicornia in each 
of the four treatments are presented in Figure 7.16. The figure shows that mean 

proportion change in density of the species was always higher in the sediment 
removal treatment compared to the other treatments after 3 and 6 months. The 

lowest values occurred in the control after 3 months and in the sediment addition 
treatment after 6 months. However, there was no statistically different between 

treatments in both dates (Table 7.6). 

The mean values of proportion change in percent cover of Halimeda macroloba in 

this region are presented in Figure 7.17. The data illustrate that mean proportion 

values in percent cover of the species increased at all treatments in the two 
sampling dates (after 3 and 6 months). The smallest increase occurred in the 

sediment addition treatment, whereas the greatest increase was in the sediment 
removal treatment, particularly after 6 months. The value was slightly lower in the 
control compared to the sediment removal/readdition treatment after 3 months, but 

higher after 6 months. 

The mean values of proportion change in density of Halimeda macroloba 
recorded in this region are shown in Figure 7.18. This figure illustrates that mean 

proportion change values of the species density reduced at all treatments after 3 
and 6 months of the experiment. After 3 months, the value decreased greatly in 

the sediment addition treatment compared to the other treatments. After 6 months, 
the smallest decrease occurred in the sediment removal treatment. These 
differences however, were not statistically significant (Table 7.6). 

The mean values of proportion change in percent cover for Padina australis as 
shown in Figure 7.19 were lowest when sediment was added and highest when 
sediment was removed, both at 3 and 6 months after commencement of the 
experiment. Comparison between treatments, comparatively smallest and greatest 
increase occurred in the sediment addition treatment after 3 months and in the 
sediment removal treatment after 6 months respectively. 
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Figure 7.13. The effect of sediment on growth of Anadyomene brownii in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 
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Figure 7.14. The effect of sediment on survival of Anadyornene brownii in the 
Kupang region. Data are proportion change in density per 0.25 after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 
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Figure 7.15. The effect of sediment on growth of Gracilaria salicornia in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 
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Figure 7.16. The effect of sediment on survival of Gracilaria salicornia in the 
Kupang region. Data are proportion change in density per 0.25 m2  after 3 
and 6 months of the experiment (early October 1998), expressed as means 
(±SE) of 5 replicates. 
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Figure 7.17. The effect of sediment on growth of Haliineda inacroloba in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 
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Figure 7.18. The effect of sediment on survival of Halimeda macroloba in the 
Kupang region. Data are proportion change in density per 0.25 after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 

0.96 

0.94 

0.92 

0.90 

0.88 



1.00 

0.9 

0.90 

0.85 

z 
0.80 

z 
0.75 

U 
0.70 

0.65 1  
0 (Oct98) 

SAMPLING DATES (MONTHS) 

1.0 
0 (Oct98) 

3.0 

2.6 

ç 2.2 

1.8 
z 

U 1.4 

3 (Jan99) 6 (Apr99) 
SAMPLING DATES (MONTHS)  

•-C- Removal 
-A-- Removal! 

readdition 
Control 

--•--• Addition 

179 

Figure 7.19. The effect of sediment on growth of Padina australis in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early October 1998), expressed as means (±SE) of 
5 replicates. 
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Figure 7.20. The effect of sediment on survival of Padina australis in the 
Kupang region. Data are proportion change in density per 0.25 m2  after 3 
and 6 months of the experiment (early October 1998), expressed as means 
(±SE) of 5 replicates. 
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The mean proportion change values in density of Padina australis for all 

treatments in each sampling date are shown in Figure 7.20. Although mean values 

of proportion change in the species density were not significantly different 

between treatments as shown in Table 7.6, they were slightly highest in the 

sediment removal treatment after 3 and 6 months of the experiment and lowest in 

the control after 3 months and in the sediment addition treatment after 6 months. 

7.3.2.2. Tain niants (exoeriment 2 

In each of the four sediment treatments in this region, there was a significant 

difference between species for proportion change both in length and number of 

primary laterals of the seaweed studied in any dates after commencement of the 

experiment (Tables 7.7 and 7.8). There was also significant difference between 

replicates for the proportion change in primary lateral length after 3 months 

(Table 7.7). However, interaction between species and either removing sediment 

or adding sediments, and interaction between species, removing sediment and 

adding sediment were not significant for any dates (Tables 7.7 and 7.8). 

At 6 months after commencement of the experiment, there was a significant effect 

of removing sediment, and of adding sediment on the proportion change in 

primary lateral length and number of seaweed species studied (Tables 7.7 and 

7.8). A significant interaction between removing sediment and adding sediment 

however, were not found. This indicates that the proportion change both in length 

and number of primary laterals after 6 months were significantly highest in the 

sediment removal treatment and lowest in the sediment addition treatment, but the 

difference between the control and sediment removal/readdition treatment was not 

significant. 

The mean values of proportion change in length of primary laterals for 

Acanthophora spicifera in each treatment at all sampling dates in this region are 

shown in Figure 7.21. This figure illustrates that mean proportion change values 

in primary lateral length of the species increased in all treatments, but the smallest 
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Table 7.7. Analysis of the effect of sediment on growth of seaweeds in the 
Kupang region (experiment 2). Data are proportion change in length of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

January Species (Sp) 2 19.987 207.567 <0.001*  C = 0.082 P < 0.05 
1999 Replicate (Rp) 48 0.096 1.602 0.015 Transformation: nil 

Removing 
sediment (Rs) 1 0.166 1.728 0.195 
Adding 
sediment (As) 1 0.202 2.096 0.154 
Sp x Rs 2 0.000 0.004 0.996 
Sp x As 2 0.001 0.009 0.991 
RsxAs 1 0.006 0.058 0.810 
Sp x Rs x As 2 0.005 0.057 0.945 
Error 180 0.060 

April Species(Sp) 2 570.884 1523.212 <0.001 C0.089P<0.05 
1999 Replicate (Rp) 48 0.375 1.404 0.059 Transformation: nil 

Removing 
sediment (Rs) 1 3.269 8.722 0.005 
Adding 
sediment (As) 1 2.557 6.821 0.012 
SpxRs 2 1.168 3.117 0.053 
SpxAs 2 1.176 3.137 0.052 
RsxAs 1 0.119 0.318 0.575 
Sp x Rs x As 2 0.027 0.07 0.931 
Error 180 0.267 

Significant P values (P < 0.05). 

increase occurred when sediment was added and greatest increase when sediment 

was removed. The value in the sediment removal/readdition treatment was slightly 

lower than in the control after 3 months, but was higher after 6 months. 

The mean values of proportion change in number of primary laterals for 

Acanthophora spicfera in this region as shown in Figure 7.22 decreased in all 

treatments after 3 and 6 months of the experiment. The values were lowest in the 
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Table 7.8. Analysis of the effect of sediment on survival of seaweeds in the 
Kupang region (experiment 2). Data are proportion change in number of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

January Species(Sp) 2 0.130 6.050 0.005 C0.073P<0.05 
1999 Replicate (Rp) 48 0.021 0.587 0.984 Transformation: nil 

Removing 
sediment (Rs) 1 0.081 3.771 0.058 
Adding 
sediment (As) 1 0.038 1.780 0.188 
Sp x Rs 2 0.005 0.246 0.783 
SpxAs 2 0.031 1.434 0.248 
RsxAs 1 0.015 0.707 0.404 
SpxRsxAs 2 0.005 0.218 0.804 
Error 180 0.037 

April Species (Sp) 2 0.494 13.365 <0.001 C = 0.084 P < 0.05 
1999 Replicate (Rp) 48 0.037 0.835 0.766 Transformation: nil 

Removing 
sediment (Rs) 1 0.158 4.280 0.044 
Adding 
sediment (As) 1 0.169 4.562 0.038 
SpxRs 2 0.007 0.209 0.812 
SpxAs 2 0.005 0.143 0.867 
RsxAs 1 0.006 0.173 0.679 
Sp x Rs x As 2 0.001 0.022 0.978 
Error 180 0.044 

*significant P values (P < 0.05). 

control after 3 months and in the sediment addition treatment after 6 months, and 

they were highest in sediment removallreaddition treatment after 3 months and in 

the sediment removal treatment after 6 months. Difference between treatments 

however, was only significant after 6 months (Table 7.8). 

The mean proportion change values in length of primary laterals for Sargassum 

polycystum as shown in Figure 7.23 were similar for all treatments after 3 months 
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of the experiment. After 6 months however, there was the smallest increase when 

sediment was added and the greatest increase when sediment was removed. The 

value in the control and in the sediment removal/readdition treatment was similar 

after 6 months. 

The mean values of proportion change in number of primary laterals for 

Sargassum polycystum recorded in this region in each treatment for all sampling 

dates are shown in Figure 7.24. The data indicate that mean proportion change 
values in primary lateral number of the species decreased at all treatments after 3 

and 6 months, but the smallest and greatest decrease occurred when sediment was 
removed and when sediment was added respectively. The values were slightly 

lower in the sediment removal/readdition than the control after 3 months, but was 

higher after 6 months. 

The mean values of proportion change in length of primary laterals for Turbinaria 

ornata in this region (Figure 7.25) increased after 3 and 6 months of the 

experiment. The mean proportion change values in primary lateral length of the 
species were comparatively lowest and highest in the sediment addition treatment 

and in the sediment removal treatment, particularly after 6 months. The values 
were similar in the control and in the sediment removal/readdition treatment at the 

two dates. 

The mean proportion change values in number of primary laterals for Turbinaria 
ornata after 3 and 6 months of the experiment in this region are shown in Figure 

7.26. This figure illustrates that the values reduced at all treatments, but the 
smallest and greatest decrease occurred when sediment was removed and when 

sediment was added respectively. 
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Figure 7.21. The effect of sediment on growth of Acanthophora spicifera in 
the Kupang region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early October 1998), expressed as 
means (±SE) of 20 replicates. 
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Figure 7.22. The effect of sediment on survival of Acanthophora spicifera in 
the Kupang region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (early October 1998), 
expressed as means (±SE) of 20 replicates. 
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Figure 7.23. The effect of sediment on growth of Sargassum polycystuni in the 
Kupang region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early October 1998), expressed as 
means (±SE) of 20 replicates. 

Figure 7.24. The effect of sediment on survival of Sargassum polycysturn in 
the Kupang region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (early October 1998), 
expressed as means (±SE) of 20 replicates. 
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Figure 7.25. The effect of sediment on growth of Turbinaria ornata in the 
Kupang region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early October 1998), expressed as 
means (±SE) of 20 replicates. 

Figure 7.26. The effect of sediment on survival of Turbinaria ornata in the 
Kupang region. Data are proportion change in number of primary laterals 
after 3 and 6 months of the experiment (early October 1998), expressed as 
means (±SE) of 20 replicates. 
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7.4. Discussion 

Since the common occurrences and frequent abundance of seaweeds on many 

sandswept intertidal benches, it is suggested that sediments may favour the 

development and persistence of the seaweeds (Daly & Mathieson, 1977; 

Morrissey, 1980; D'Antonio, 1986; Kinsey, 1991; Catterall el al., 1992; Cortes, 

1993; Airoldi & Cinelli, 1997; McCook et al., 1997). The results of this study, 

however, indicate that sediment load negatively influenced the growth and 

survival of the seaweed species studied both in the Darwin and Kupang regions. 

In this study, the growth and survival of the seaweed species studied generally 

increased when sediment was removed and decreased when sediment was added. 

These results suggest that the growth and survival of seaweeds are enhanced by a 

reduction and limited by an increase of sediment load on substratum. 

Observations presented by Lyngby & Mortensen (1996) further support the 

suggestion that the growth of Laminaria saccharina decreased in the presence of 

sediment to about 20% for field (Nivâ Bay, Denmark) and 30% for laboratory 

experiments in the presence of sediment compared to the control. An experimental 

study by an increase in thickness of sediments covering the substratum 

demonstrated that this substratum type is apparently able to reduce growth and 

survival of Sargassum micophyllum (Umar et al., 1998). Umar (1997) has also 

found sediment addition resulted in lower growth and survival of Gracilaria 

arcuata in laboratory after 8 weeks of the experiment. Thus the absence or 

reduction of sediment load on substratum such as in the intertidal fringing reef of 

Darwin and Kupang regions may increase the growth and survival of seaweed 

species. 

The precise role of sediment in causing the decreased growth and survival of 

seaweed species observed in this study is unclear. Since sedimentation reduced 

recovery, recruitment and vegetative regeneration of seaweed species (the results 

in Chapters 4, 5 and 6 of this thesis), smothering of fronds is probably the main 

important factor. 
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In this study, the proportion change in percent cover of species studied was 

affected significantly by either removing sediment and adding sediment after 6 

months of the experiment. The effect of removing sediment, and of adding 

sediment however, was not significant on the proportion change in density of the 

species at all sampling dates. These results indicate that sedimentation may 

reduced greatly thallus size of the seaweed species studied both in the Darwin and 

Kupang regions, as also found by Espinoza and Rodriquez (1987) on Sargassum 

sin icola in the southern Gulf of California. 

Sediments may also affect growth and survival of the seaweed species studied due 

both to direct shading of the photosynthetic tissue by materials deposited on the 

plants and a reduced uptake of nitrogen and oxygen or indirect shading by 

material suspended in the water, as has been found for other seaweeds and coastal 

organisms (e.g. Roy & Smith, 1971; Chapman & Craigie, 1977; Devinny & 

Volse, 1978; Rogers, 1983; Schramm et al., 1988; Yamasu & Mizofuchi, 1989; 

Lyngby & Mortensen, 1996). 

The results of this study also reveal that both the growth and survival of the 

seaweed species studied were affected by current sediment levels in the Darwin 

and Kupang regions. This was indicated by generally significant difference 

between the sediment removal treatment and the control (unmanipulated 

sediment) in both regions. 

The results of this study also show that although the survival of relatively simple 

species in thallus morphology (recorded as density per 0.25 m2  quadrat) at all 

sampling dates in the two regions was lowest in the sediment addition treatment 

than in other sediment treatments, these differences were not statistically 

significant. Both removing sediment and adding sediment effects however, were 

significant for the survival of relatively complex species in thallus morphology 

after 6 months of the experiment both in the Darwin and Kupang regions. These 
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results indicates that the effects of sedimentation are more detrimental on the 

survival of relatively complex than simple species in thallus morphology. 



CHAPTER 8 

EFFECTS OF SEDIMENTATION ON DEGENERATION OF SEAWEEDS 

8.1 Introduction 

Degeneration or dieback of erect parts is common and appears to be an inherent 
part of the growth cycle of some species of seaweeds (e.g. Norton, 1977; Ang, 

1985c; Luning, 1993; Sjøtun et al., 1996). While numerous authors have studied 
growth of seaweed species (e.g. Doty, 1971; Santelices, 1977; Glenn & Doty, 
1981; McQuaid & Branch, 1984; Ohta & Ninomiya, 1990; Pentecost, 1992; 

Friedlander et al., 1993; Brown, 1995), relatively few studies have been carried 

out on the seaweed degeneration process. Where detailed measurements of species 
degeneration have been provided, these were derived mostly from the seasonal 

cycle studies on rocky shore vegetation, and only a small number of species were 
investigated (e.g. Lawson, 1966; Chapman & Burrows, 1970; Kain, 1984; 

Westermeier et al., 1994; Flindt et al., 1997). 

The causal factors and/or cues for the degeneration process following maximum 
growth of seaweeds have been hypothesised to be either low water temperature 
(Prince & O'Neal, 1979; Martin-Smith, 1993b; Rogers, 1997) or high temperature 

(Mathieson & Dawes, 1974; DeWreede, 1976; Dunton, 1985). Other factors such 
as low nutrient levels (Prince & O'Neal, 1979; Ang, 1985c), extreme desiccation, 

wave action and rainfall (Tsuda, 1974; DeWreede, 1976; Druehi & Green, 1982; 
Cheshire & Hallam, 1988; Westermeier et al., 1994), and also grazing (Kito, 
1975; Jephson & Gray, 1977; Mufioz & Santelices, 1989; Carpenter, 1990) are 
considered important. 

Sedimentation is an important physical factor in coral reef ecosystems that may 
play a role in accelerating degeneration of seaweed communities. Sediments 

carried in moving water may remove (scour), damage or kill whole plants or part 

of them (D'Antonio, 1986; Konar & Roberts, 1996). Sediment deposition and 
movement can disturb seaweed species by limiting inputs of light and oxygen, 
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increasing interstitial concentrations of pollutants and encouraging predators 

(Devinny & Volse, 1978; Taylor & Littler, 1982; Pastorok & Bilyard, 1985; Grigg 

& Dolar, 1991; Davies-Colley et al., 1992; Abu-Hilal; 1994; Walker & Kendrick, 

1998). Other authors (D'Antonio, 1986; McGuinness 1987) however suggested 

that sediments seem to deter herbivores. Reduction in thallus size of Sargassum 

sinicola (Espinosa & Rodriquez, 1987) and biomass of Fucus spp. (Vogt & 

Schramm, 1991) have been observed as a consequence of high sediment load. 

Umar (1995) (published later in Umar et al., 1998) has studied the effect of 

sediment deposition on degeneration of seaweed species on the intertidal fringing 

reef at Geoffrey Bay, Magnetic Island (Great Barrier Reef region, Australia) and 

found sediment to be detrimental. This study, however, only examined one 

species (i.e. Sargassum microphyllum) and covered 3 months only. 

This chapter presents data on the effects of sedimentation on the degeneration of 

seaweed species. The study involves 6 species in the Darwin region and 7 species 

in the Kupang region (see sections 8.2.2.1 and 8.2.2.2) and covers a 6 month 

period. In each region, two experiments were carried out to monitor the loss of 

tissues from mature plants. The first experiment tested the effect of sedimentation 

on the degeneration of species which are relatively simple thallus morphology in 

permanent quadrats. The second experiment examined the effects of 

sedimentation on the degeneration of species which are relatively complex thallus 

morphology by individually tagging plants. 

8.2. Methods 

8.2.1. Sediment treatments 

All of the four sediment treatments described in chapter 4 (i.e. experimental 

removal, experimental removal/readdition, experimental addition and control 

(unmanipulated sediment) were applied in the experiments reported in this chapter 

for Kupang region. The experiments in the Darwin region, however, used three 

only of the four treatments: experimental removal, experimental addition and 

control (unmanipulated sediment), as were used by Umar (1995) (published later 
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in Umar et al., 1998). This was because these experiments were done first and the 

removaL/readdition treatment was added as a refinement in later experiments. All 

sediment treatments (except control) were applied at the beginning of the 

experiment and re-applied at two week intervals over 6 months. In the Darwin 

region, the experiments were carried out from the end September 1997 to the end 

March 1998 for Padina australis and from early September 1997 to early March 

1998 for other species. The experiments in the Kupang region were done from the 

end April to the end October 1999 for all species studied. 

8.2.2. Seaweed degeneration recording method 

8.2.2.1. Permanent civadrats (exoeriment 1) 

Seaweed species included in this experiment have relatively simple thallus 

morphology. Three species were selected to be studied in the Darwin region. 

These were Anadyomene brown ii, Gracilaria salicornia (East Point Reserve) and 

Padina australis (Nightcliff Bay). In the Kupang region, four seaweed species 

selected were Anadyomene brownii, Gracilaria salicornia (Paradiso Bay), 

Halimeda macroloba (Tablolong Bay) and Padina australis (Bolok Bay). 

At the beginning of the experiment, five replicate 50 cm x 50 cm permanent 

quadrats were randomly assigned to each treatment of each seaweed species 

studied within each region. These quadrats were set up as described in chapter 4 

(section 4.2.2) for the recovery experiment. The quadrats were marked out on 

substratum in areas dominated by the species studied. 

The degeneration of the seaweeds was recorded in terms of both percent cover and 

density. The percentage cover estimation was done using a 100 point string grid, 

while density was recorded as the total number of individual seaweed studied in a 

quadrat. Both percentage cover and density were recorded at the beginning of the 

experiment (immediately before sediment manipulation) and again after 3 and 6 

months of the experiment. 
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Species with relatively complex thallus morphology were included in this 

experiment. Three species were selected to be studied both in the Darwin and 

Kupang regions. In the Darwin region these were Acanthophora spicfera (Fannie 

Bay), Sargassum decurrens and Spyridea filamentosa (Nightcliff Bay), while in 

the Kupang region these were Acanthophora spicfera, Sargassum polycystum 

(Paradiso Bay) and Turbinaria ornata (Tablolong Bay). 

In each region, five groups of thalli (replicates) were randomly assigned to each 

treatment of each species of seaweed studied. Each group included four 

individually tagged seaweed thalli. These were labeled with small tags inserted in 

the substratum adjacent to the holdfast. 

The degeneration of seaweed species studied was recorded as the length and 

number of primary laterals present in each thallus. The length and number of 

primary laterals were recorded before sediment manipulation at the beginning of 

the experiment and after 3 and 6 months of the experiment. 

8.2.3. Data analysis 

8.2.3.1. Permanent guadrats (experiment 1) 

Data obtained from Darwin regions were analysed using two-factor analyses of 

variance (ANOVA). The first and second factors were species and sediment 

treatment respectively. Both factors were fixed with 3 levels. Multiple comparison 

of means for all data were carried out using Tukey HSD test. 

Since in the Kupang region, the four sediment treatments (i.e. sediment removal, 

sediment removallreaddition, control or unmanipulated sediment and sediment 

addition treatments) were actually all combinations of two other sets of 
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treatments: removing sediment and adding sediment treatments, data from this 

region were analysed using three-factor analyses of variance (ANOVA). The first 

factor was species (fixed, 4 levels). The second and third factors were sediment 

removal and sediment addition respectively, both fixed with 2 levels. No multiple 

comparisons of means for all data were done due to insignificant interaction 

between species and either sediment removal and sediment addition at all 

sampling dates. 

Data obtained from both regions were tested using Statistica Version 5.1. Data 

included in the analysis were proportion change in percent cover and density 

(procedure as described in chapter 7, section 7.2.3.1). Cochran's C test was 

applied to test the homogeneity of variances of data. Only the proportion change 

in density data after 3 months in the Darwin region were transformed 

(logarithmic) prior to analysis. Other data were not transformed. 

8.2.3.2. Tagging niants (exneriment 2 

In the Darwin region, three-factor nested analyses of variance (ANOVA) was 

applied. The first factor was species (fixed, 3 levels). The second factor was 

sediment treatment (fixed, 3 levels). The third factor was replicate group of thalli 

(random, 5 levels and nested in sediment treatment and species factors). Tukey 

HSD test was used for multiple comparisons of means for all data. 

Data obtained in the Kupang region were analysed using four factor nested 

analyses of variance (ANOVA). The first factor was species (fixed, 3 levels). The 

second and third factors were sediment removal and sediment addition 

respectively, both fixed with 2 levels. The fourth factor was replicate group of 

thalli (random, 5 levels and nested in species, removing sediment and adding 

sediment factors). Since interactions between species and either sediment removal 

and sediment addition, and between removing sediment and adding sediment were 

not significant for all data at all sampling dates, no multiple comparisons of means 

were done. 
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Proportion change in length and number of primary laterals were calculated using 

the procedure as described in chapter 7, section 7.2.3.1. These data were then 

analysed using Statistica Version 5.1. Prior to analysis, the homogeneity of 

variances of all data sets was tested using Cochrans's C test. The proportion 

change in primary lateral length after 3 and 6 months and number after 6 months 

from Darwin region were transformed (logarithmic). No data obtained from 

Kupang region were transformed prior to the analysis. 

8.3. Results 

8.3.1. Effects of sedimentation on degeneration of seaweeds in Darwin region 

8.3.1.1. Permanent guadrats (experiment 1) 

In the Darwin region, proportion change in percent cover and density of seaweed 

studied differed significantly between species in each of the three sediment 

treatments after 3 and 6 months (Tables 8.1 and 8.3). Sediment treatment effects 

were also significant for the proportion change in percent cover after 6 months 

(Table 8.1). Interaction between species and sediment treatment was not 

significant at the two sampling dates (Tables 8.1 and 8.3), indicating that the 

species studied did not respond differently to sedimentation. 

On average, after 6 months of the experiment, the proportion change in percent 

cover of seaweed species studied was significantly lower in the sediment addition 

treatment compared to in the sediment removal treatment (Table 8.2). The 

proportion change in percent cover was also lower when sediment was added 

compared to the control, but these differences were not significant (Table 8.2). 

Differences between the sediment removal treatment and the control 

(unmanipulated sediment) were also not significant (Table 8.2), but the values 

were consistently higher in the sediment removal treatment. 
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Table 8.1. Analysis of the effect of sediment on degeneration of seaweeds in 
the Darwin region (experiment 1). Data are proportion change in percent 
cover after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

December Species(Sp) 2 0.304 41.525 <0.00l C=0.211 P<0.05 
1997 Sediment Transformation: nil 

treatment (St) 2 0.021 2.914 0.067 
SpxSt 4 0.001 0.149 0.963 
Error 36 0.007 

March Species(Sp) 2 0.480 143.447 <0.001 C=0.191 P<0.05 
1998 Sediment Transformation: nil 

treatment (St) 2 0.021 6.291 0.004 
Sp x St 4 0.008 2.512 0.059 
Error 36 0.003 

*jgfljfifl P values (P < 0.05). 

Table 8.2. Multiple comparisons of means for sediment treatment effect on 
degeneration of seaweeds in the Darwin region (experiment 1) using Tukey 
HSD test. Data are proportion change in percent cover after 6 months of the 
experiment. Data after 3 months of the experiment were not included as they 
were not significantly different between sediment treatments. 

March Treatment {1} {2} {3} 
1998 0.191 0.164 0.117 

Removal { 11 0.426 0.004* 
Control {2} 0.426 0.078 
Addition {3} 0.004 0.078 

*significant P values (P < 0.05). 
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Table 8.3. Analysis of the effect of sediment on degeneration of seaweeds in 
the Darwin region (experiment 1). Data are proportion change in density per 
0.25 m2  after 3 and 6 months of the experiment. 

Sampling Source of Cochran 
Dates Variation df MS F-ratio P-value C test 

December Species(Sp) 2 0.041 74.932 <0.001 C=0.343P<0.05 
1997 Sediment Transformation: 

treatment (St) 2 0.001 2.364 0.108 logarithmic 
Sp x St 4 0.000 0.320 0.863 
Error 36 0.001 

March Species(Sp) 2 0.671 179.033 <0.001w  C=0.211 P<0.05 
1998 Sediment Transformation: nil 

treatment (St) 2 0.009 2.448 0.101 
Sp x St 4 0.001 0.253 0.906 
Error 36 0.004 

*significant P values (P < 0.05). 

The mean values of proportion change in percent cover of Anadyomene brown ii 

after 3 and 6 months of the experiment in each treatment in this region are shown 

in Figures 8.1. This figure illustrates that mean proportion change values in 

percent cover of the species were consistently lowest and highest in the sediment 

addition treatment and in the sediment removal treatment respectively at the two 

sampling dates, although differences between sediment treatments were only 

significant after 6 months (see Table 8.1). 

The mean proportion change values in density of Anadyomene brown ii as shown 

in Figure 8.2 reduced in all sediment treatment at 3 and 6 months after 

commencement of the experiment. The lowest mean values occurred in control 

(unmanipulated sediment) after 3 months and in the sediment addition treatment 

after 6 months. 



198 

1.0 

0.8 

C c)  0.6 

z 
0.4 

z 

() 0.2 

Removal 
Control 
Addition i kijecq I) O (Mar9) 

SAMPLING DATES (MONTHS) 

0.0 1  
0 (Sep97) 

3 (Dec97) 6 (NIar98) 
SAMPLING DATES (MONTHS) 

Removal 
-*--- Control 

Addition 
0.0 

0 (Sep97) 

1.0 

0.8 

0.6 

0.4 

0.2 

Figure 8.1. Effect of sediment on degeneration of Anadyomene brownii in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early September 1997), expressed as means (±SE) 
of 5 replicates. 

Figure 8.2. Effect of sediment on degeneration of Anadyomene brownii in the 
Darwin region. Data are proportion change in density after 3 and 6 months 
of the experiment (early September 1997), expressed as means (±SE) of 5 
replicates. 



The mean proportion change in percent cover values of Gracilaria salicornia in 

this region are shown in Figure 8.3. The data indicate that mean values of 

proportion change in percent cover of the species reduced at all sediment 

treatments after 3 and 6 months of the experiment. The mean values in the control 

(unmanipulated sediment) were higher than in the sediment addition treatment, 

but lower compared to sediment removal treatment, particularly at 6 months after 

commencement of the experiment. 

The mean values of proportion change in density of Gracilaria salicornia at all 

sediment treatments after 3 and 6 months in this region are presented in Figure 

8.4. Although statistical analysis did not detected significant differences between 

treatments (see Table 8.3), Figure 8.4 shows that mean proportion change values 

in density of the species were comparatively highest in the sediment removal 

treatment and lowest in the sediment addition treatment in both dates. 

The mean proportion change values in percent cover of Padina australis in this 

region as shown in Figure 8.5 reduced in all sediment treatments after 3 and 6 

months of the experiment, the smallest decrease occurred when sediment was 

removed. The mean values were lowest in the sediment addition treatment after 3 

months, but were similar in the control and in the sediment addition treatment 

after 6 months. 

The mean proportion change in density values of Padina australis at 3 and 6 

months after commencement of the experiment at all sediment treatments in this 

region are presented in Figure 8.6. The data indicate that the mean values were 

slightly highest in the sediment removal treatment and lowest in the sediment 

addition treatment in the two dates. Significant differences between sediment 

treatments however, were not significant in any dates (Table 8.3). 
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Figure 8.3. Effect of sediment on degeneration of Gracilaria salicornia in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (early September 1997), expressed as means (±SE) 
of 5 replicates. 

Figure 8.4. Effect of sediment on degeneration of Gracilaria salicornia in the 
Darwin region. Data are proportion change in density after 3 and 6 months 
of the experiment (early September 1997), expressed as means (±SE) of 5 
replicates. 
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Figure 8.5. Effect of sediment on degeneration of Padina australis in the 
Darwin region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (end September 1997), expressed as means (±SE) of 
5 replicates. 
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Figure 8.6. Effect of sediment on degeneration of Padina australis in the 
Darwin region. Data are proportion change in density after 3 and 6 months 
of the experiment (end September 1997), expressed as means (±SE) of 5 
replicates. 
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8.3.1.2. Tain niants (exueriment 2 

Statistical analysis of data obtained in this region shows that degeneration both in 

length and number of primary lateral proportion change for seaweed studied 

varied significantly between species at 3 and 6 months after commencement of the 

experiment in each of the three treatments (Tables 8.4 and 8.6). There was also a 

significant effect of sedimentation after 6 months of the experiment (Tables 8.4 

and 8.6). Difference between replicates and interaction between species and 

sediment treatment were not significant at all sampling times (Tables 8.4 and 4.6). 

The degeneration of seaweed species studied after 6 months of the experiment 

reduced significantly in the sediment addition treatment than in the sediment 

removal treatment in terms of length and number of primary lateral proportion 

change (Tables 8.5 and 8.7). Significant differences between the control and either 

the sediment addition or sediment removal treatments were not detected (Tables 

8.5 and 8.7). 

The mean proportion change values in length of primary laterals for 

Acanthophora spicfera in this region are shown in Figure 8.7. The data indicate 

that the mean values reduced in all treatments after 3 and 6 months, but the 

smallest and greatest decrease occurred in the sediment addition treatment and in 

the sediment removal treatment respectively, particularly after 6 month. 

The mean values of proportion change in primary lateral number for 

Acanthophora spicfera at 3 and 6 months after commencement of the experiment 

in all treatments in this region are presented in Figure 8.8. This figure illustrates 

that mean proportion change values in number of primary laterals for the species 

were lowest in the sediment addition treatment, both after 3 and 6 months. The 

mean values were lower (not significant) in the sediment removal/readdition 

treatment than in the sediment removal treatment after 3 months, but was the same 

after 6 months. 
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Table 8.4. Analysis of the effect of sediment on degeneration of seaweeds in 
the Darwin region (experiment 2). Data are proportion change in length of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran's 
Dates Variation df MS F-ratio P-value C test 

December Species (Sp) 2 0.700 246.973 <0.001' C = 0.108 P> 0.05 
1997 Replicate (Rp) 36 0.003 0.747 0.844 Transformation: 

Sediment logarithmic 
treatment (St) 2 0.001 0.425 0.657 
Sp x St 4 0.003 0.972 0.437 
Error 135 0.004 

March Species (Sp) 2 0.196 107.874 <0.001' C = 0.107 P> 0.05 
1998 Replicate (Rp) 36 0.002 0.431 0.997 Transformation: 

Sediment logarithmic 
treatment (St) 2 0.009 5.073 0.011 
Sp x St 4 0.004 2.375 0.070 
Error 135 0.002 

'Significant P values (P < 0.05). 

Table 8.5. Multiple comparisons of means for sediment treatment effect on 
degeneration of seaweeds in the Darwin region (experiment 2) using Tukey 
HSD test. Data are proportion change in length of primary laterals after 6 
months of the experiment. Data after 3 months were not included as they 
were not significantly different between sediment treatments. 

March Treatment {l} {2} {3} 
1998 0.053 0.042 0.028 

Removal {1} >0.05 <0.05* 

Control {2} > 0.05 > 0.05 > 0.05 
Addition {3} <0.05 

'Significant P values (P < 0.05). 
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Table 8.6. Analysis of the effect of sediment on degeneration of seaweeds in 
the Darwin region (experiment 2). Data are proportion change in number of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran's 
Dates Variation df MS F-ratio P-value C test 

December Species (Sp) 2 5.223 88.277 <0.001 C = 0.077 P> 0.05 
1997 Replicate (Rp) 36 0.060 0.913 0.613 Transformation: nil 

Sediment 
treatment (St) 2 0.62 1.0055 0.359 
Sp x St 4 0.036 0.602 0.664 
Error 135 0.065 

March Species(Sp) 2 0.075 38.294 <0.001 C = 0.099 P > 0.05 
1998 Replicate (Rp) 36 0.002 0.513 0.989 Transformation: 

Sediment logarithmic 
treatment (St) 2 0.008 4.090 0.025 
Sp x St 4 0.000 0.133 0.969 
Error 135 0.002 

*significant P values (P < 0.05). 

Table 8.7. Multiple comparisons of means for sediment treatment effect on 
degeneration of seaweeds in the Darwin region (experiment 2) using Tukey 
HSD test. Data are proportion change in number of primary laterals after 6 
months of the experiment. Data after 3 months were not included as they 
were not significantly different between sediment treatments. 

March Treatment {1} {2} {3} 
1998 0.049 0.040 0.026 

Removal {1} >0.05 <0.05* 

Control {2} > 0.05 > 0.05 > 0.05 
Addition {3} <0.05 

*significant P values (P < 0.05). 
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Figure 8.7. The effect of sediment on degeneration of Acanthophora spicifera 
in the Darwin region. Data are proportion change in length of primary 
laterals after 3 and 6 months of the experiment (early September 1997), 
expressed as means (±SE) of 20 replicates. 

Figure 8.8. The effect of sediment on degeneration of Acanthophora spicifera 
in the Darwin region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (early September 1997), 
expressed as means (±SE) of 20 replicates. 
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Figure 8.9. The effect of sediment on degeneration of Sargassurn decurrens in 
the Darwin region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early September 1997), expressed as 
means (±SE) of 20 replicates. 
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Figure 8.10. The effect of sediment on degeneration of Sargassunz decurrens 
in the Darwin region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (early September 1997), 
expressed as means (± SE) of 20 replicates. 
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Figure 8.11. The effect of sediment on degeneration of Spyrideafilarnentosa in 
the Darwin region. Data are proportion change in length of primary laterals 
after 3 and 6 months of the experiment (early September 1997), expressed as 
means (±SE) of 20 replicates. 
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The mean values of proportion change in primary lateral length of Sargassum 

decurrens recorded in this region (Figure 8.9) decreased in all treatments after 3 

and 6 months, the greatest decrease occurred in the sediment addition treatment. 

The mean values were highest in the sediment removallreaddition treatment after 

3 months and in the sediment removal treatment after 6 months. 

The mean proportion change values in number of primary laterals for Sargassum 

decurrens in all treatments after 3 and 6 months are presented in Table 8.10. The 

data indicate that mean values of proportion change in primary lateral number of 

the species reduced in all treatments. The lowest mean value recorded was 0.024 

in the sediment addition treatment after 6 months. 

The mean values of proportion change in length of Spyridea filamentosa primary 

laterals recorded at all treatments in each of two sampling dates are presented in 

Figures 8.11. This figure shows that mean proportion change values in primary 

lateral length of the species decreased in all treatments both after 3 and 6 months 

of the experiment. The lowest mean value (0.007) was recorded in the sediment 

addition treatment after 6 months. 

The mean values of proportion change in number of primary laterals for Spyridea 

filamentosa recorded in this region as shown in Figure 8.12 were highest in the 

sediment removal treatment at 3 and 6 months after commencement of the 

experiment. The mean values were lowest in the control after 3 months and in the 

sediment addition treatment after 6 months. 

8.3.2. Effects of sedimentation on degeneration of seaweeds in Kupang region 

8.3.2.1. Permanent guadrats (experiment 1) 

In the Kupang region, degeneration of proportion change both in percent cover 

and density of seaweed studied varied significantly between species in each of the 

four sediment treatments at 3 and 6 months after commencement of the 
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Table 8.8. Analysis of the effect of sediment on degeneration of seaweeds in 
the Kupang region (experiment 1). Data are proportion change in percent 
cover after 3 and 6 months of the experiment. 

Sampling Source of Cochran 
Dates Variation df MS F-ratio P-value C test 

July Species(Sp) 3 0.281 23.790 <0.001 C = 0.163 P < 0.05 

1999 Removing Transformation: nil 
sediment (Rs) 1 0.027 2.287 0.135 
Adding 
sediment (As) 1 0.013 1.123 0.292 
Sp x Rs 3 0.001 0.067 0.977 
Sp x As 3 0.001 0.062 0.980 
Rs x As 1 0.003 0.234 0.630 
Sp x Rs x As 3 0.003 0.253 0.859 
Error 64 0.012 

October Species (Sp) 3 0.466 45.084 <0.001 C = 0.162 P < 0.05 

1999 Removing Transformation: nil 
sediment (Rs) 1 0.098 9.496 0.003 
Adding 
sediment (As) 1 0.060 5.833 0.019 
SpxRs 3 0.007 0.637 0.594 
Sp x As 3 0.003 0.308 0.820 
Rs x As 1 0.003 0.282 0.597 
SpxRsxAs 3 0.002 0.170 0.916 
Error 64 0.010 

*significant P values (P < 0.05). 

experiment (Tables 8.8 and 8.9). Significant interaction between species and 

either removing sediment or adding sediment, and interaction between species, 

removing sediment and adding sediment were not significant in both dates (Tables 

8.8 and 8.9). 

After 6 months of the experiment, both removing and adding sediment effects 

were significant on proportion change in percent cover of the seaweed species 

studied, but no interaction (Table 8.8). This indicates that the proportion change in 
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percent cover after 6 months was significantly highest in the sediment removal 

treatment and lowest in sediment addition treatment, but there was no significant 

difference between the control and sediment removallreaddition treatment. 

The mean values of proportion change in percent cover of Anadyomene brownii in 

all sediment treatments in this region are shown in Figure 8.13. The data indicate 

that the mean values were almost the same for all treatments after 3 months, but 

were lowest and highest when sediment was added and when sediment was 

removed respectively, after 6 months. 

The mean proportion change values in density of Anadyomene brown ii in this 

region (Figure 8.14) reduced in all treatments at 3 and 6 months after 

commencement of the experiment. The lowest value recorded (0.12) was obtained 

in the sediment addition treatment after 6 months. 

The mean proportion change in percent cover values of Gracilaria salicornia 

recorded in each of the four treatments at two sampling dates are presented in 

Figures 8.15. The data indicate that although proportion change values in percent 

cover decreased in all sediment treatments after 3 and 6 months of the experiment, 

lowest and highest decrease were found when sediment was removed and when 

sediment was added respectively. 

The mean values of proportion change in density of Gracilaria salicornia 

recorded in each of the four treatments at 3 and 6 months after commencement of 

the experiment are shown in Figure 16. This figure illustrates that the mean values 

decreased in all treatments, both in the two dates. The lowest value recorded was 

0.38 in sediment removallreaddition treatment after 6 months. 

The mean proportion change values in percent cover of Hczlimeda macroloba in 

this region as shown in Figure 8.17 were lowest in the sediment addition treatment 

after 3 and 6 months of the experiment. The highest values were in the sediment 
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Table 8.9. Analysis of the effect of sediment on degeneration of seaweeds in 
the Kupang region (experiment 1). Data are proportion change in density 
after 3 and 6 months of the experiment 

Sampling 
Dates 

Source of 
Variation df MS F-ratio P-value 

Cochran' 
C test 

July Species (Sp) 3 0.235 25.806 <0.001 C = 0.167 P < 0.05 

1999 Removing Transformation: nil 
sediment (Rs) 1 0.085 3.128 0.082 
Adding 
sediment (As) 1 0.020 2.144 0.148 
SpxRs 3 0.003 0.324 0.808 
SpxAs 3 0.007 0.779 0.510 
RsxAs 1 0.001 0.149 0.700 
Sp x Rs x As 3 0.001 0.094 0.963 
Error 64 0.009 

October Species(Sp) 3 0.665 55.413 <0.001 C = 0.139 P < 0.05 

1999 Removing Transformation: nil 
sediment (Rs) 1 0.024 2.012 0.161 
Adding 
sediment (As) 1 0.030 2.501 0.119 
SpxRs 3 0.004 0.309 0.819 
Sp x As 3 0.000 0.004 1.000 
RsxAs 1 0.002 0.128 0.722 
Sp x Rs x As 3 0.003 0.280 0.840 
Error 64 0.012 

*significant P values (P < 0.05). 

removal/readdition treatment after 3 months and in the sediment removal 

treatment after 6 months. 

The mean proportion change in density values of Halimeda macroloba in all 

sediment treatments after 3 and 6 months are presented in Figure 8.18. This figure 

shows that the mean values reduced in all treatments in both dates. The lowest 

value recorded (0.40) was obtained in the sediment addition treatment after 6 

months. 



0.0 
0 (Apr99) 

> 
C 
L.) 0.6 
NIZ 

 
0.4 

z 

(_) 0.2 

3 (Ju199) 6 (Oct99) 
SAMPLING DATES (MONTHS) 

Removal 
Removal! 
readdition 

--°-- Control 
--•-- Addition 

212 

1.0 

0.8 

Figure 8.13. Effect of sediment on degeneration of Anadyomene brownii in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (end April 1999), expressed as means (± SE) of 5 
replicates. 
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Figure 8.14. Effect of sediment on degeneration of Anadyomene brownii in the 
Kupang region. Data are proportion change in density after 3 and 6 months 
of the experiment (end April 1999), expressed as means (± SE) of 5 replicates. 
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Figure 8.15. Effect of sediment on degeneration of Gracilaria salicornia in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (end April 1999), expressed as means (±SE) of 5 
replicates. 
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Figure 8.16. Effect of sediment on degeneration of Gracilaria salicornia in the 
Kupang region. Data are proportion change in density after 3 and 6 months 
of the experiment (end April 1999), expressed as means (±SE) of 5 replicates. 
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Figure 8.17. Effect of sediment on degeneration of Halirneda niacroloba in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (end April 1999), expressed as means (±SE) of 5 
replicates. 
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Figure 8.18. Effect of sediment on degeneration of Halimeda macroloba in the 
Kupang region. Data are proportion change in density after 3 and 6 months 
of the experiment (end April 1999), expressed as means (±SE) of 5 replicates. 
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Figure 8.19. Effect of sediment on degeneration of Padina australis in the 
Kupang region. Data are proportion change in percent cover after 3 and 6 
months of the experiment (end April 1999), expressed as means (±SE) of 5 
replicates. 
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Figure 8.20. Effect of sediment on degeneration of Padina australis in the 
Kupang region. Data are proportion change in density after 3 and 6 months 
of the experiment (end April 1999), expressed as means (±SE) of 5 replicates. 
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The mean proportion change values in percent cover of Padina australis in each 

treatment at 3 and 6 months after commencement of the experiment are shown in 

Figures 8.19. This figure illustrates that the mean values were lowest in the 

sediment addition treatment and highest in the sediment addition treatment in both 

dates. 

The mean proportion change in density values of Padina australis as shown in 

Figure 8.20 decreased in all sediment treatments after 3 and 6 months of the 

experiment. The lowest value (0.04) was recorded in the sediment addition 

treatment after 6 months. 

8.3.2.2. TaiminLy niants (exneriment 2 

In each of the four treatments in this region, the degeneration of seaweed studied 

differed significantly between species in terms of proportion change in primary 

lateral length and number at 3 and 6 months after commencement of the 

experiment (Tables 8.10 and 8.11). However, differences between replicates and 

interaction between factors (i.e. species, removing sediment and adding sediment) 

were not significant (Tables 8.10 and 8.11). 

There was also an effect of removing sediment, and of adding sediment for the 

proportion change both in length and number of primary laterals for seaweed 

species studied after 6 months of the experiment (Table 8.10). This mean that after 

6 months of the experiment, the degeneration of proportion change in length and 

number of primary laterals was significantly highest in the sediment removal 

treatment and lowest in the sediment addition treatment, but the difference 

between the sediment removal/readdition treatment and the control 

(unmanipulated sediment) was not statistically significant. 
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Table 8.10. Analysis of the effect of sediment on degeneration of seaweeds in 
the Kupang region (experiment 2). Data are proportion change in length of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species(Sp) 2 0.929 109.981 <0.001 C = 0.066 P < 0.05 
1999 Replicate 48 0.008 0.593 0.983 Transformation: nil 

Removing 
sediment (Rs) 1 0.001 0.119 0.732 
Adding 
sediment (As) 1 0.033 3.952 0.053 
SpxRs 2 0.006 0.744 0.480 
SpxAs 2 0.010 1.134 0.330 
Rs x As 1 0.007 0.847 0.362 
SpxRsxAs 2 0.000 0.011 0.989 
Error 180 0.008 

October Species (Sp) 2 10.833 758.626 <0.001 C = 0.075 P < 0.05 
1999 Replicate 48 0.014 0.390 1.000 Transformation: nil 

Removing 
sediment (Rs) 1 0.186 13.060 0.001 
Adding 
sediment (As) 1 0.119 8.352 0.006 
SpxRs 2 0.034 2.383 0.103 
Sp x As 2 0.029 2.029 0.143 
RsxAs 1 0.006 0.386 0.537 
Sp x Rs x As 2 0.006 0.400 0.673 
Error 180 0.037 

Significant P values (P < 0.05). 

The mean values of proportion change in primary lateral length for Acanthophora 

spicfera recorded in this region at 3 and 6 months after commencement of the 

experiment are presented in Figure 8.21. The figure shows that mean proportion 

values in length of primary laterals of the species were comparatively lower in the 

sediment addition treatment than in other treatments, particularly after 6 months. 

The mean value in the sediment removal treatment was almost the same in the 

control after 3 months, but higher after 6 months. 
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Table 8.11. Analysis of the effect of sediment on degeneration of seaweeds in 
the Kupang region (experiment 2). Data are proportion change in number of 
primary laterals after 3 and 6 months of the experiment. 

Sampling Source of Cochran' 
Dates Variation df MS F-ratio P-value C test 

July Species(Sp) 2 0.818 29.537 <0.001 C0.080P<0.05 
1999 Replicate 48 0.028 0.690 0.934 Transformation: nil 

Removing 
sediment (Rs) 1 0.098 3.524 0.067 
Adding 
sediment (As) 1 0.078 2.807 0.100 
Sp x Rs 2 0.025 0.884 0.420 
SpxAs 2 0.005 0.173 0.842 
RsxAs 1 0.017 0.614 0.437 
Sp x Rs x As 2 0.009 0.324 0.725 
Error 180 0.040 

October Species (Sp) 2 5.134 226.033 <0.001 C = 0.055 P < 0.05 
1999 Replicate 48 0.023 0.325 1.000 Transformation: nil 

Removing 
sediment (Rs) 1 0.114 5.018 0.030 
Adding 
sediment (As) 1 0.128 5.650 0.021 
SpxRs 2 0.001 0.050 0.952 
SpxAs 2 0.003 0.143 0.867 
Rs x As 1 0.007 0.287 0.595 
SpxRsxAs 2 0.002 0.101 0.905 
Error 180 0.023 

*significant P values (P < 0.05). 

The mean proportion change values in number of primary laterals for 

Acanthophora spicifera recorded in this region at all sediment treatments after 3 

and 6 months of the experiment are shown in Figure 8.22. The data indicate that 

mean values of proportion change in primary lateral number of the species were 

lowest when sediment was added at both dates. The mean values were similar in 

the control, sediment removal/readdition and sediment removal treatments after 3 

months, but highest in the sediment removal treatment after 6 months. 
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Figure 8.21. The effect of sediment on degeneration of Acanthopizora spicifera 
in the Kupang region. Data are proportion change in length of primary 
laterals after 3 and 6 months of the experiment (end September 1999), 
expressed as means (±SE) of 20 replicates. 
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Figure 8.22. The effect of sediment on degeneration of Acanthophora spicifera 
in the Kupang region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (end April 1999), expressed as 
means (±SE) of 20 replicates. 
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The mean proportion change values in length of primary laterals for Sargassum 

polycystum in this region are shown in Figure 8.23. This figure illustrates that 

mean values of proportion change in primary lateral length for the species 

decreased with similar trend for all treatments after 3 and 6 months of the 

experiment. The lowest value recorded (0.081) was obtained in the sediment 

addition treatment after 6 months. 

The mean values of proportion change in number of primary laterals for 

Sargassum polycystum recorded in all treatments after 3 and 6 months in this 

region are presented in Figure 8.24. The figure shows that mean proportion 

values in primary lateral number of the species was lowest in the sediment 

addition treatment and highest in the sediment removal treatment in the two 

sampling dates. The mean value was slightly higher in the sediment 

removal/readdition than in the control after 3 months, but was similar after 6 

months. 

The mean values of primary lateral length in term of proportion change of 

Turbinaria ornata recorded in this region as shown in Figure 8.25 decreased in 

each of the four treatments after 3 and 6 months of the experiment, but the 

greatest and smallest decrease occurred when sediment was added and when 

sediment was removed respectively. The lowest value recorded was 0.798 in the 

sediment addition treatment after 6 months. 

The mean values of proportion change in number of primary laterals for 

Turbinaria ornata in all treatments after 3 and 6 months of the experiment (Figure 

8.26) were lowest in the sediment addition treatment in the two sampling dates. 

The mean value was highest in the control after 3 months and in the sediment 

removal treatment after 6 months. 
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Figure 8.23. The effect of sediment on degeneration of Sargassurn polycystuin 
in the Kupang region. Data are proportion change in length of primary 
laterals after 3 and 6 months of the experiment (end April 1999), expressed as 
means (±SE) of 20 replicates. 
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Figure 8.24. The effect of sediment on degeneration of Sargassum polycysturn 
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Figure 8.26. The effect of sediment on degeneration of Turbinaria ornata in 
the Kupang region. Data are proportion change in number of primary 
laterals after 3 and 6 months of the experiment (end April 1999), expressed as 
means (±SE) of 20 replicates. 
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8.4. Discussion 

Seaweed abundance and cover may increase with an increase of sediment, 

suggesting that sedimentation may be beneficial to seaweed, possibly by 

supplying more nutrients or protecting the seaweed from water movement and 

grazers (e.g. Kennelly, 1983; D'Antonio, 1986; Catterall et at., 1992; Done, 1992; 

Phang et at., 1996; Schaffelke & Klumpp, 1997). This effect was not evident in 

the present study. Espinoza & Rodriquest (1987) and Vogt & Schranim (1991) 

also found that high sediment load on the substratum reduced Sargassum sin icola 

thallus size and Fucus biomass respectively. The results of the present study 

indicate that sedimentation was detrimental to seaweed species during 

degeneration phase. 

In the present study, an effect of removing sediment, and of adding sediment was 

significant in both individual trials (length and number of primary laterals of 

tagging seaweeds) and quadrats (percent cover of seaweed populations) at the end 

of the experiment (after 6 months) in the Kupang region. There was also a 

significant effect of sedimentation on primary lateral length and number of 

tagging seaweeds and percent cover of seaweed populations in the Darwin region 

where the sediment addition and removal treatments differed significantly after 6 

months. These results suggest that the rate of tissue loss during the degeneration 

phase of seaweeds in the two regions was retarded by the removal of sediment and 

accelerated by the addition of sediment. During a short term of field study (3 

months) it was also found that the degeneration of Sargassum microphyllum in 

Geoffrey Bay Magnetic Island (Great Barrier Reef region) was accelerated by the 

addition of sediment (Umar et at., 1998). 

The precise role by which sediments affected the seaweed tissue loss during 

degeneration is not clear from this study. It has been suggested that sedimentation 

may alter marine environments by causing scouring, burial and turbidity such that 

its effects can represent a disturbance agent for seaweed and other marine 

communities (e.g. Lilly et at., 1953; Dahl, 1971; Devinny & Volse, 1978; Ang, 
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1985a; Hodgson, 1990; Rogers, 1990; Vadas et al., 1992; Konar & Roberts, 

1996). Scouring (sediment carried in moving water) may damage seaweed species 

by killing or removing plant tissue, whole plants or part of them, (Devinny & 

Espinoza, 1978; D'Antonio, 1986; Vadas et al., 1992; Konar & Roberts, 1996). 

Sediment burial or sediment deposited on and between seaweeds could change the 

chemical nature of the microenvironment surrounding the plants by depleting 

oxygen, decreasing light, encouraging predators and increasing interstitial 

concentrations of pollutants (e.g. Hartnoll, 1983; Pastorok & Bilyard, 1985; Grigg 

& Dolar, 1991; Abu-Hilal, 1994; Walker & Kendrick, 1998). Increased turbidity 

due to suspended sediments or sediment settling on frond surfaces can disturb 

seaweed species by reducing light availability for photosynthesis and affecting 

nutrient uptake and gas exchange (Roy & Smith, 1971; Pastorok & Bilyard, 1985; 

D'Antonio, 1986; Abdel-Salam, 1989; Catterall et al., 1992; Konar & Roberts, 

1996; Vergara et al., 1997). It is likely that at least one of the above mechanisms 

has occurred during the present study and resulted in tissue loss of the seaweed 

species studied both in the Darwin and Kupang region. 

The results of this study also show that the degeneration of both length and 

number of primary laterals for relatively complex species (tagging plants, 

experiment 2) was significantly affected by sediment treatment (in the Darwin 

region) and both removing sediment and adding sediment (in the Kupang region) 

at 6 months after commencement of the experiments. The effects of sediment 

treatment in the Darwin region and both removing sediment and adding sediment 

in the Kupang region were also significant after 6 months for the degeneration of 

percent cover, but not the density of relatively simple species (in quadrats, 

experiment 1). This indicates that the effect of sedimentation was slightly worse 

on the tissue loss of seaweed species with relatively complex thallus morphology 

than seaweed species with relatively simple thallus. 

Since the tissue loss of the seaweed species studied during degeneration phase 

occurred in all treatments, it is clear that the main factor was not only 

sedimentation. Wave action, rainfall and grazing have been frequently recognised 
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as major factors regulating the degeneration of seaweed communities (e.g. Tsuda, 

1974; DeWreede, 1976; Jephson & Gray, 1977; Mufloz & Santelices, 1989; 

Westermeier et al., 1994). However, none of these factors were observed in the 

present study. Extreme desiccation could cause losses in the distal parts of the 

seaweed thallus as the degeneration phase of seaweed coincided with low spring 

tides that fully emersed the reef during the day time, both in the Darwin and 

Kupang regions (data in chapter 3). The effect of desiccation and other 

mechanical damage during low tide, on the tissue loss of seaweed species has also 

been reported by several authors (e.g. Tsuda, 1974; Schonbeck & Norton, 1978; 

Druehi & Green, 1982; Hawkins & Hartnoll, 1985; Cheshire & Hallam, 1988; 

Westermeier et al., 1994). Other factors that should be mentioned that may be of 

importance on the degeneration of seaweeds are temperature, salinity and 

conductivity as can bee seen on the study of the seasonal variations in seaweed 

cover (chapter 3). 



CHAPTER 9 

SUMMARY AND CONCLUSIONS 

In the experiments reported in this thesis, seasonality of tropical seaweeds and its 

relation to sediment deposition and surface water quality, and effects of 

sedimentation on all major life history stages of certain species have been 

examined. This chapter will summarise and integrate the main findings of the 

experiments, including recommendations for the management of the intertidal reef 

communities of the Darwin and Kupang regions. 

The main results and their significance were: 

The seaweed populations and some, but not all, individual species both in the 

Darwin and Kupang regions show marked seasonal variations in cover. The 

higher cover occurred during the dry season in the Darwin region and during 

the wet season in the Kupang region. In the Darwin region, the seasonal 

variations in cover both the seaweed populations and some individual species 

were positively correlated with salinity and conductivity. In the Kupang region 

however, there were negative correlations with salinity and conductivity and a 

positive correlation with temperature. The seasonality of the seaweed 

populations appears to be uncorrelated with sediments, but there were three 

species in the Darwin region, and two species in Kupang region which had 

negative and positive correlations, respectively, with sediments in terms of 

percentage cover and depth. 

The effect of sedimentation on recovery, recruitment, vegetative regeneration, 

growth, survival and degeneration of the seaweed species studied were 

generally significant. The recovery, recruitment, vegetative regeneration, 

growth, survival and degeneration of the seaweeds increased with removing 

sediment and decreased with adding sediment, both in the Darwin and Kupang 

regions. 
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In terms of density, the recovery, survival and degeneration of relatively simple 

species in thallus morphology (i.e. without branch erect parts) were not 

significantly affected by sediment regimes. However, there was an indication 

that sedimentation limited both the recovery and survival and accelerated the 

tissue loss during degeneration of the seaweeds. 

The variables measured in the control (unmanipulated sediment) were generally 

significantly lower than in the sediment removal treatment. This suggests that 

current sediment levels both in the Darwin and Kupang regions had an effect 

on the seaweed species studied. 

After 3 months of the experiments, sediment treatment effects were only 

significant on growth of seaweed species studied in the Darwin region. After 6 

months and thereafter however, sedimentation significantly affected the 

recovery, recruitment, vegetative regeneration, growth, survival and 

degeneration of the seaweeds, both in the Darwin and Kupang regions. This 

implies that increased sedimentation over long periods apparently would 

reduce structure and richness of seaweed communities, but probably would not 

cause local extinction of certain species. 

Sedimentation affected recovery, recruitment, regeneration of short thalli and 

tall fronds of growth, survival and degeneration of seaweeds. This suggests that 

the major mechanisms by which sediment inhibited the success of the seaweed 

species studied both in the Darwin and Kupang regions may involve 

smothering, scour, burial, turbidity and microbial infection. 

Density of the seaweeds from recruitment was lower than from vegetative 

regeneration. Thus, the ability of the seaweed species to regenerate from 

damaged thalli with holdfast intact may be more important than recruitment 

during recovery from disturbance, especially since the species were found to 

have low recruitment both in the Darwin and Kupang regions. 
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The present study supports the findings of the majority of previous studies that 

sediment load plays an important role in the growth, recruitment, and regeneration 

of seaweeds and other marine organisms. Sedimentation has been reported to 

decrease abundance, calcification rate, capture food capacity, cover, diversity, 

fecundity, growth rate, metabolism, recruitment, reproduction and survival, and to 

increase mortality and histopathological damage of corals (e.g. Maragos, 1972; 

Dodge et al., 1974; Bak, 1978; Rogers, 1983; Kendall et al., 1985; Peters & 

Pilson, 1985; Tomascik & Sander, 1987; Edmunds & Davies, 1989; Hunte & 

Wittenberg, 1992; Wittenberg & Hunte, 1992; Riegi, 1995). Reductions in species 

richness and abundance of reef fish (Gaizin, 1981; Harmelin-Vivien, 1992), in 

density of molluscs (Catterall et al., 1992) and in growth rate of higher plants 

(Kirkman, 1978; Pringle, 1989; Larkum & West, 1990; Quanimen & Onuf, 1993; 

Onuf, 1994; Long et al., 1996) subjected to high sediment loading were also 

reported. 

In the case of seaweeds, field and laboratory experiments have shown that 

sediment deposition and movement represent disturbance agents for certain 

species or genera by inhibiting recruitment, preventing propagule attachment, 

zoospore insertion and gametophyte germination, and decreasing vegetative 

regeneration, abundance, thallus size, reproductive capability and survival (e.g. 

Moss et al., 1973; Neushul et al., 1976; Devinny & Volse, 1978; Espinoza & 

Rodriquest, 1987; Vogt & Shranim, 1991; Arakawa & Matsuike, 1992; Lyngby & 

Mortensen, 1996; Umar et al., 1997, 1998). However, no effects, or positive 

effects, of sedimentation on seaweeds are sometimes reported (D'Antonio, 1986; 

Catterall et al., 1992; Cortes, 1993; Airoldi et al. 1995, 1997; Gorostiaga & DIez, 

1996; Konar & Roberts, 1996; Phang et al., 1996), in contrast to the present study. 

This study has only focused the effect of sedimentation on the seasonality and 

major life history stages of seaweeds occurring in the intertidal fringing reef both 

in the Darwin and Kupang regions. To make a substantial contribution to our 

broader level of understanding of the sedimentation effect on seaweeds, the 

following further research is proposed. Detailed, comprehensive research is 
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needed to quantify the responses of biology and physiology of seaweeds to 

sedimentation that were not covered in the present study, such as thallus size, 

reproductive capability, photosynthesis and respiration. More detailed studies on 

the mechanisms by which sediments inhibited seaweed populations and 

community are also still needed, since in the present study was still not clear. In 

addition, field comparative studies are required on the effect of sedimentation on 

seaweeds occurring in different zones of fringing reefs within or between regions. 

Moreover, further studies on responses of seaweed species to sedimentation using 

different levels of sediments are also required both in the field and laboratory. 

In conclusion, the results of the present study provide evidence that the effect of 

sedimentation was detrimental to the recovery, recruitment, vegetative 

regeneration, growth, survival and degeneration of the seaweed species. It was 

found that the parameters showed higher values when sediment was removed and 

lower values when sediment was added compared to the control level 

(unmanipulated sediment). The results suggest that increased sediment loads 

would have adverse effects on these communities and a decrease sediment load 

would increase their productivity and ricimess. In another words, an increase or 

decrease in sediment loads in Darwin and Kupang regions would upset the 

equilibrium of the seaweed communities. This has important implications for reef 

management and reef organisms conservation, especially when they are exposed 

to anthropogenic increases in sediment loading such as dredging, mining, drilling, 

land clearing, coastal development and deforestation. When such activities are to 

be carried out, they must be done under controlled manners to ensure that the 

added sediment loads do not exceed the levels used in this work. 
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APPENDIX 

Appendix 1. Analysis of the effect of sediment on recovery of Acanthophora 
spicifera in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site (St) 2 0.650 0.267 0.767 C = 0.160 P > 0.05 
1997 Removing Transformation: nil 

sediment (Rs) 1 1.667 0.683 0.413 
Adding 
sediment (As) 1 0.067 0.027 0.869 
StxRs 2 0.017 0.007 0.993 
StxAs 2 0.017 0.007 0.993 
RsxAs 1 0.000 0.000 1.000 
St x Rs x As 2 0.050 0.020 0.980 
Error 48 2.442 

March Site (St) 2 0.650 0.413 0.664 C = 0.254 P > 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 1.350 0.857 0.360 
Adding 
sediment (As) 1 0.150 0.095 0.759 
St x Rs 2 0.050 0.032 0.969 
St x As 2 0.050 0.032 0.969 
RsxAs 1 0.150 0.095 0.759 
St x Rs x As 2 0.050 0.032 0.969 
Error 48 1.575 

June Site (St) 2 5.017 1.273 0.290 C = 0.142 P> 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 32.267 8.186 0.006* 
Adding 
sediment (As) 1 21.600 5.480 0.023 
StxRs 2 0.217 0.055 0.947 
StxAs 2 0.050 0.013 0.987 
RsxAs 1 0.000 0.000 1.000 
StxRsxAs 2 0.050 0.013 0.987 
Error 48 3.942 

September Site (St) 2 7.017 1.014 0.370 C = 0.169 P> 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 62.017 8.966 0.004 
Adding 
sediment (As) 1 40.017 5.786 0.020 
StxRs 2 0.317 0.046 0.955 
StxAs 2 0.317 0.046 0.955 
RsxAs 1 0.417 0.060 0.807 
StxRsxAs 2 0.217 0.031 0.969 
Error 48 6.917 

*significant P values (P < 0.05). 
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Appendix 2. Analysis of the effect of sediment on recovery of Gradilaria 
salicornia in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site(St) 2 3.950 1.795 0.177 C0.159P>0.05 
1997 Sediment Transformation: nil 

removal (Sr) 1 0.817 0.371 0.545 
Sediment 
addition (Sa) 1 0.017 0.008 0.931 
StxSr 2 0.117 0.053 0.948 
StxSa 2 0.117 0.053 0.948 
Sr x Sa 1 0.017 0.008 0.931 
StxSrxsa 2 0.017 0.008 0.992 
Error 48 2.200 

March Site(St) 2 1.217 0.850 0.432 C = 0.158 P > 0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 2.400 1.684 0.201 
Sediment 
addition (Sa) 1 0.067 0.047 0.830 
StxSr 2 0.150 0.105 0.900 
StxSa 2 0.117 0.082 0.922 
Sr x Sa 1 0.000 0.000 1.000 
St x Sr x sa 2 0.050 0.035 0.966 
Error 48 1.425 

June Site(St) 2 1.817 0.316 0.730 C0.134P>0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 1.350 0.235 0.630 
Sediment 
addition (Sa) 1 1.350 0.235 0.630 
StxSr 2 0.050 0.009 0.991 
StxSa 2 0.050 0.009 0.991 
Sr x Sa 1 0.150 0.026 0.872 
StxSrxsa 2 0.150 0.026 0.974 
Error 48 5.741 

September Site (St) 2 6.200 0.526 0.594 C = 0.129 P>0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 3.267 0.277 0.601 
Sediment 
addition (Sa) 1 1.067 0.090 0.765 
St x Sr 2 0.067 0.006 0.994 
St x Sa 2 0.067 0.006 0.994 
Sr x Sa 1 0.067 0.006 0.940 
St x Sr x sa 2 0.267 0.023 0.978 
Error 48 11.792 

*significant P values (P < 0.05). 
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Appendix 3. Analysis of the effect of sediment on recovery of Hypnea spp. in 
the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months after 
commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site (St) 2 1.267 0.974 0.385 C = 0.173 P >0.05 
1997 Removing Transformation: nil 

sediment (Rs) 1 1.350 1.038 0.313 
Adding 
sediment (As) 1 0.417 0.321 0.574 
StxRs 2 0.000 0.000 1.000 
StxAs 2 0.067 0.051 0.950 
RsxAs 1 0.017 0.013 0.910 
StxRsxAs 2 0.067 0.051 0.950 
Error 48 1.300 

March Site (St) 2 0.467 0.514 0.601 C0.155P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.417 0.459 0.501 
Adding 
sediment (As) 1 0.817 0.899 0.348 
St x Rs 2 0.067 0.073 0.929 
St x As 2 0.067 0.073 0.929 
RsxAs 1 0.017 0.018 0.893 
St x Rs x As 2 0.067 0.073 0.929 
Error 48 0.908 

June Site (St) 2 0.817 0.166 0.848 C0.155P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 10.417 2.111 0.153 
Adding 
sediment (As) 1 4.817 0.976 0.328 
St x Rs 2 0.017 0.003 0.997 
StxAs 2 0.017 0.003 0.997 
RsxAs 1 2.017 0.409 0.526 
StxRsxAs 2 0.217 0.044 0.957 
Error 48 4.933 

September Site (St) 2 16.217 2.023 0.143 C = 0.175 P> 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 72.600 9.056 0.004 
Adding 
sediment (As) 1 29.400 3.667 0.061 
StxRs 2 3.350 0.418 0.661 
StxAs 2 1.250 0.156 0.856 
Rs x As 1 0.600 0.075 0.786 
St x Rs x As 2 0.450 0.056 0.945 
Error 48 8.017 

*significant P values (P < 0.05). 
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Appendix 4. Analysis of the effect of sediment on recovery of Padina australis 
in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months 
after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site (St) 2 0.267 0.170 0.844 C = 0.122 P>0.05 
1997 Sediment Transformation: nil 

removal (Sr) 1 0.600 0.383 0.539 
Sediment 
addition (Sa) 1 0.600 0.383 0.539 
StxSr 2 0.200 0.128 0.880 
StxSa 2 0.200 0.128 0.880 
Sr x Sa 1 0.000 0.000 1.000 
StxSrxsa 2 0.000 0.000 1.000 
Error 48 1.567 

March Site (St) 2 0.000 0.000 1.000 C0.103P>0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 0.267 1.103 0.298 
Sediment 
addition (Sa) 1 0.267 1.103 0.298 
St x Sr 2 0.067 0.276 0.760 
St x Sa 2 0.067 0.276 0.760 
Sr x Sa 1 0.067 0.276 0.602 
St x Sr x sa 2 0.067 0.276 0.760 
Error 48 0.242 

June Site (St) 2 9.016 0.807 0.451 C0.184P>0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 32.267 2.890 0.096 
Sediment 
addition (Sa) 1 21.600 1.934 0.171 
StxSr 2 2.217 0.199 0.821 
St x Sa 2 0.650 0.058 0.944 
Sr x Sa 1 0.267 0.024 0.878 
StxSrxsa 2 1.517 0.136 0.873 
Error 48 11.167 

September Site (St) 2 5.850 0.381 0.685 C = 0.159 P> 0.05 
1998 Sediment Transformation: nil 

removal (Sr) 1 56.067 3.653 0.062 
Sediment 
addition (Sa) 1 35.267 2.298 0.136 
StxSr 2 0.817 0.053 0.948 
StxSa 2 0.817 0.053 0.948 
SrxSa 1 2.400 0.156 0.694 
StxSrxsa 2 1.050 0.068 0.934 
Error 48 15.350 

* Significant P values (P < 0.05). 
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Appendix 5. Analysis of the effect of sediment on recovery of Sargassum 
decurrens in the Darwin region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

December Site (St) 2 2.617 3.528 0.037 C = 0.225 P> 0.05 
1997 Removing Transformation: nil 

sediment (Rs) 1 0.817 1.101 0.299 
Adding 
sediment (As) 1 0.150 0.202 0.655 
StxRs 2 0.317 0.427 0.655 
StxAs 2 0.050 0.067 0.935 
RsxAs 1 0.017 0.022 0.881 
StxRsxAs 2 0.017 0.022 0.978 
Error 48 0.742 

March Site (St) 2 2.117 3.434 0.040 C = 0.270 P>0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 0.267 0.432 0.514 
Adding 
sediment (As) 1 0.600 0.973 0.329 
StxRs 2 0.117 0.189 0.828 
StxAs 2 0.150 0.243 0.785 
RsxAs 1 0.667 0.108 0.744 
StxRsxAs 2 0.017 0.027 0.973 
Error 48 0.617 

June Site (St) 2 22.050 7.075 0.002 C = 0.246 P > 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 11.267 3.615 0.063 
Adding 
sediment (As) 1 5.400 1.732 0.194 
StxRs 2 3.017 0.968 0.387 
StxAs 2 1.350 0.433 0.651 
Rs x As 1 0.267 0.086 0.771 
StxRsxAs 2 0.117 0.037 0.963 
Error 48 3.117 

September Site (St) 2 53.517 10.341 <0.001 C = 0.217 P > 0.05 
1998 Removing Transformation: nil 

sediment (Rs) 1 33.750 6.522 0.014 
Adding 
sediment (As) 1 8.817 1.704 0.198 
StxRs 2 8.550 1.652 0.202 
StxAs 2 2.517 0.486 0.618 
Rs x As 1 1.350 0.261 0.612 
StxRsxAs 2 1.350 0.261 0.771 
Error 48 5.175 

*significant P values (P < 0.05). 
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Appendix 6. Analysis of the effect of sediment on recovery of Acanthophora 
spicifera in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 
months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates vanation df MS F-ratio P-value C test 

January Site(St) 2 4.867 3.744 0.031 C-0.147P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.417 0.321 0.574 
Adding 
sediment (As) 1 0.150 0.115 0.736 
StxRs 2 0.067 0.051 0.950 
StxAs 2 0.000 0.000 1.000 
RsxAs 1 0.017 0.013 0.910 
StxRsxAs 2 0.067 0.051 0.950 
Error 48 1.300 

April Site(St) 2 20.467 4.066 0.023 C = 0.129 P > 0.05 
1999 Removing Transformation: nil 

sediment(Rs) 1 14.017 2.785 0.102 
Adding 
sediment (As) 1 8.816 1.752 0.192 
StxRs 2 0.067 0.013 0.987 
StxAs 2 0.067 0.013 0.987 
RsxAs 1 0.150 0.030 0.864 
StxRsxAs 2 0.200 0.040 0.961 
Error 48 5.033 

July Site(St) 2 17.117 4.733 0.013 C = 0.143 P > 0.05 
1999 Removing Transformation: nil 

sediment(Rs) 1 21.600 5.972 0.018 
Adding 
sediment (As) 1 11.267 3.115 0.084 
StxRs 2 0.650 0.180 0.836 
StxAs 2 0.417 0.115 0.891 
RsxAs 1 0.600 0.166 0.686 
StxRsxAs 2 0.150 0.041 0.960 
Error 48 3.617 

October Site(St) 2 9.650 4.165 0.021 C=0.137P> 0.05 
1999 Removing Transformation: nil 

sediment(Rs) 1 14.017 6.050 0.018 
Adding 
sediment (As) 1 7.350 3.173 0.081 
StxRs 2 0.117 0.050 0.951 
StxAs 2 0.150 0.065 0.937 
RsxAs 1 0.150 0.065 0.800 
StxRsxAs 2 0.150 0.065 0.937 
Error 48 2.317 

*significant P values (P < 0.05). 
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Appendix 7. Analysis of the effect of sediment on recovery of Gradilaria 
salicornia in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site(St) 2 1.317 1.188 0.314 C0.150P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 0.017 0.015 0.903 
Sediment 
addition (Sa) 1 0.417 0.376 0.543 
StxSr 2 0.017 0.015 0.985 
StxSa 2 0.117 0.105 0.900 
SrxSa 1 0.417 0.376 0.543 
St x Sr x sa 2 0.017 0.015 0.985 
Error 48 1.108 

April Site(St) 2 7.400 1.866 0.166 C = 0.142 P > 0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 0.417 0.105 0.747 
Sediment 
addition (Sa) 1 2.817 0.710 0.404 
St x Sr 2 0.067 0.017 0.983 
St x Sa 2 0.067 0.017 0.983 
SrxSa 1 0.017 0.004 0.949 
St x Sr x sa 2 0.067 0.017 0.983 
Error 48 3.967 

July Site(St) 2 8.117 3.053 0.055 C0.163P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 0.267 0.100 0.753 
Sediment 
addition (Sa) 1 0.600 0.226 0.637 
StxSr 2 0.017 0.006 0.994 
StxSa 2 0.150 0.056 0.945 
Sr x Sa 1 0.067 0.025 0.875 
StxSrxsa 2 0.117 0.044 0.957 
Error 48 2.658 

October Site(St) 2 5.017 2.663 0.080 C=0.l42P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 1.067 0.567 0.455 
Sediment 
addition (Sa) 1 1.667 0.885 0.352 
St x Sr 2 0.017 0.009 0.991 
StxSa 2 0.017 0.009 0.991 
Sr x Sa 1 0.067 0.035 0.852 
StxSrxsa 2 0.017 0.009 0.991 
Error 48 1.883 

*significant P values (P < 0.05). 
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Appendix 8. Analysis of the effect of sediment on recovery of Halimeda 
macroloba in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site(St) 2 4.267 10.894 <0.001 C0.255P>O.O5 
1999 Sediment Transformation: nil 

removal (Sr) 1 0.000 0.000 1.000 
Sediment 
addition (Sa) 1 0.067 0.170 0.682 
St x Sr 2 0.000 0.000 1.000 
St x Sa 2 0.267 0.681 0.511 
SrxSa 1 0.000 0.000 1.000 
StxSrxsa 2 0.000 0.000 1.000 
Error 48 0.392 

April Site(St) 2 16.850 8.056 <0.001 C=0.211 P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 1.350 0.645 0.426 
Sediment 
addition (Sa) 1 0.150 0.072 0.790 
St x Sr 2 0.450 0.215 0.807 
St x Sa 2 0.050 0.024 0.976 
SrxSa 1 0.150 0.072 0.790 
St x Sr x sa 2 0.050 0.024 0.976 
Error 48 2.092 

July Site(St) 2 9.0.17 6.011 0.005 C0.222P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 2.017 1.344 0.252 
Sediment 
addition (Sa) 1 0.817 0.544 0.464 
St x Sr 2 0.617 0.411 0.665 
StxSa 2 0.017 0.011 0.989 
SrxSa 1 0.017 0.011 0.916 
StxSrxsa 2 0.017 0.011 0.989 
Error 48 1.500 

October Site(St) 2 4.850 4.932 0.011 C = 0.237 P > 0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 2.400 2.441 0.125 
Sediment 
addition (Sa) 1 1.067 1.085 0.303 
St x Sr 2 0.350 0.356 0.702 
StxSa 2 0.017 0.017 0.983 
Sr x Sa 1 0.267 0.271 0.605 
StxSrxsa 2 0.517 0.525 0.595 
Error 48 0.983 

*significant P values (P < 0.05). 
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Appendix 9. Analysis of the effect of sediment on recovery of Padina australis 
in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 12 months 
after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site (St) 2 0.467 0.253 0.777 C = 0.172 P>0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 1.350 0.733 0.396 
Sediment 
addition (Sa) 1 0.150 0.081 0.777 
St x Sr 2 0.200 0.109 0.897 
StxSa 2 0.200 0.109 0.897 
Sr x Sa 1 0.150 0.081 0.777 
StxSrxsa 2 0.200 0.109 0.897 
Error 48 1.842 

April Site (St) 2 1.950 0.364 0.696 C = 0.168 P > 0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 18.150 3.393 0.072 
Sediment 
addition (Sa) 1 14.017 2.620 0.112 
St x Sr 2 0.150 0.028 0.972 
Stx Sa 2 0.117 0.022 0.978 
Sr x Sa 1 3.750 0.701 0.407 
St x Sr x sa 2 0.050 0.009 0.991 
Error 48 5.350 

July Site (St) 2 3.150 1.360 0.266 C = 0.191 P> 0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 3.750 1.619 0.210 
Sediment 
addition (Sa) 1 7.350 3.173 0.081 
St x Sr 2 0.350 0.151 0.860 
StxSa 2 0.150 0.065 0.937 
Sr x Sa 1 1.350 0.583 0.449 
StxSrxsa 2 0.150 0.065 0.937 
Error 48 2.317 

October Site (St) 2 0.350 0.457 0.636 C = 0.163 P> 0.05 
1999 Sediment Transformation: nil 

removal (Sr) 1 0.417 0.543 0.465 
Sediment 
addition (Sa) 1 1.350 1.761 0.191 
StxSr 2 0.117 0.152 0.860 
St x Sa 2 0.050 0.065 0.937 
Sr x Sa 1 0.017 0.022 0.883 
St x Sr x sa 2 0.017 0.022 0.979 
Error 48 0.767 

*significant P values (P < 0.05). 
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Appendix 10. Analysis of the effect of sediment on recovery of Sargassum 
polycystum in the Kupang region. Data are density per 0.25 m2  at 3, 6, 9 and 
12 months after commencement of the experiment. 

Sampling Source of Cochran's 
Dates variation df MS F-ratio P-value C test 

January Site (St) 2 8.867 5.878 0.005* C = 0.177 P > 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 0.417 0.276 0.601 
Adding 
sediment (As) 1 0.017 0.011 0.917 
StxRs 2 0.067 0.044 0.957 
St x As 2 0.067 0.044 0.957 
Rs x As 1 0.150 0.099 0.754 
St x Rs x As 2 0.000 0.000 1.00 
Error 48 1.508 

April Site (St) 2 37.267 6.491 0.003 C = 0.196 P> 0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 12.150 2.116 0.152 
Adding 
sediment (As) 1 6.017 1.048 0.311 
St x Rs 2 0.200 0.035 0.966 
St x As 2 0.467 0.081 0.922 
RsxAs 1 0.817 0.142 0.708 
St x Rs x As 2 0.267 0.046 0.955 
Error 48 5.742 

July Site (St) 2 12.950 4.415 0.017 C0.190P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 7.350 2.506 0.120 
Adding 
sediment (As) 1 6.017 2.051 0.159 
StxRs 2 1.050 0.358 0.701 
StxAs 2 1.017 0.347 0.709 
RsxAs 1 0.817 0.278 0.600 
StxRsxAs 2 0.317 0.108 0.898 
Error 48 2.933 

October Site (St) 2 2.150 1.395 0.258 C = 0.173 P>0.05 
1999 Removing Transformation: nil 

sediment (Rs) 1 7.350 4.768 0.034 
Adding 
sediment (As) 1 3.750 2.432 0.125 
St x Rs 2 0.050 0.032 0.968 
StxAs 2 0.150 0.097 0.907 
RsxAs 1 0.817 0.530 0.470 
StxRsxAs 2 0.117 0.076 0.927 
Error 48 1.542 

*significant P values (P < 0.05). 
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