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To Johan 

I may not have gone where I intended 

to go, but I think I have ended up 

where I intended to be. 
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ABSTRACT 

The increasing demand for seaweed extracts has led to the introduction of 

non-native seaweeds for farming purposes in many tropical regions. Such 

intentional introductions can lead to spread of non-native seaweeds from 

farming areas, which can become established in and alter the dynamics of 

the recipient ecosystems. While tropical seaweeds are of great interest for 

aquaculture, and have received much attention as pests in the coral reef 

literature, little is known about the problems and potential of natural 

populations, or the role of natural seaweed beds in the tropical seascape. 

      

This thesis aims to investigate the spread of non-native genetic strains of the 

tropical macroalga Eucheuma denticulatum, which have been intentionally 

introduced for seaweed farming purposes in East Africa, and to evaluate the 

state of the genetically distinct but morphologically similar native 

populations. Additionally it aims to investigate the ecological role of 

seaweed beds in terms of the habitat utilization by fish and mobile 

invertebrate epifauna. The thesis also aims to evaluate the potential of native 

populations of eucheumoid seaweeds in regard to seaweed farming. 

 

The initial results showed that non-native E. denticulatum is the dominating 

form of wild eucheumoid, not only in areas in close proximity to seaweed 

farms, but also in areas where farming has never occurred, while native 

eucheumoids are now scarce (Paper I). The low frequency of native E. 

denticulatum in seaweed beds, coupled with a low occurrence of 

reproductive structures, indicates that the effective population size may be 

low, which in turn may be a threat under changing environmental conditions. 

These results, combined with indications that seaweeds may be declining in 

East Africa, illustrates the need for attaining a better understanding of the 

ecological role of tropical seaweed habitats. The studies on the faunal 

communities of seaweed beds showed that they are species rich habitats, 

with high abundances of juvenile fish and mobile epifauna (Paper II and 

III), strongly indicating that these habitats should be considered for future 

seascape studies and management actions. Productivity in East African 

seaweed farming is decreasing, and as the current cultivation is based on a 

single non-indigenous haplotype, a more diverse genetic base has been 

suggested as a means to achieve a more productive and sustainable seaweed 

farming. Although our results show that East African E. denticulatum has a 

lower growth rate than the currently used cultivar (Paper IV), the several 

native haplotypes that are present in wild populations illustrates that, though 

a demanding endeavour, there is potential for strain selection within native 

populations.       
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OBJECTIVES OF THESIS 

This thesis investigates i) the spread of non-indigenous strains of the tropical 

macroalga Eucheuma denticulatum, introduced for seaweed farming 

purposes, as well as ii) the state of native populations of the eucheumoid 

species E. denticulatum and Kappaphycus alvarezii in East Africa. 

Additionally it aims to iii) elucidate the ecological role of tropical 

macroalgal beds, in terms of habitat utilization by fish and epifauna, and iv) 

evaluate the farming potential of native eucheumoid seaweeds. 

INTRODUCTION AND SPECIFIC AIMS 

Seaweeds as resources 

The term macroalgae is commonly used as an overarching description of a 

polyphyletic group of multicellular plant like organisms from the taxa 

Rhodophyta, Chlorophyta and Phaeophyceae. They do not possess true roots 

or a specialized vascular system, but anchors themselves to the substrate 

using holdfasts, hapters or rhizoids and nutrients are absorbed directly from 

the water column. Marine macroalgae, or seaweeds, exist throughout the 

coastal oceans of the world, and although the communities they reside in 

differ, they are a common feature of most coastal zones. Many macroalgal 

species have long been utilized by humans as food, feed, fertilizer and for 

medicinal purposes (Jones 1958; Zaneveld 1959), with many of the human 

uses originating in East Asia (Zaneveld 1959). Seaweeds are considered to 

have potential for bioremediation of waters polluted by fish farming (e.g. 

Troell et al 1997; Chopin et al 2001; Lüning and Pang 2003; Neori et al 

2004; Huo et al 2012), and also as candidates for future CO2 reduction (e.g. 

Chung et al 2011; Sahoo et al 2012; Chung et al 2013). Currently they 

provide the human population with food, cattle feed and secondary 

metabolites used in food applications, biofuel, medicinal products and 

fertilizers (see e.g. Smit 2004; Zubia et al 2007; Matanjun et al 2009; Bixler 

and Porse 2011). Due to the many applications of seaweeds and a 

continuously increasing demand, what was once started as an unsustainable 

harvest of wild seaweeds (Parker 1974; Mshigeni 1984; Norambuena 1996), 

has now expanded into large scale seaweed cultivation. Seaweed farming 

currently produces over 25 million tonnes of algae annually at a global scale, 

with the production having more than doubled since the turn of the century 

(FAO 2014). Although a substantial part of the seaweed produced is still 

intended for direct human consumption, the continuously increasing demand 
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for secondary metabolites, such as carrageenan, has resulted in carrageenan 

containing seaweeds now being the most cultivated (FAO 2014). 

Carrageenans are sulphated polysaccharides found in the cell wall of certain 

red algae that exist in three main isomers (kappa-, iota- and lambda 

carrageenan) with different properties and uses. The main ones produced are 

kappa and iota, which are extracted from Kappaphycus alvarezii and 

Eucheuma denticulatum respectively (Bixler and Porse 2011), with kappa 

carrageenan being in greater demand globally and K. alvarezii therefore 

fetching a higher market price than E. denticulatum (Valderrama et al 2013). 

Mariculture of eucheumoid seaweeds 

Carrageenan, initially procured by harvesting the temperate seaweed Irish 

moss (Chondrus crispus) (Stanley 1987), is now mainly obtained by the 

cultivation of the tropical eucheumoid species Eucheuma denticulatum and 

Kappaphycus alvarezii (FAO 2014). Both species occur naturally in South 

East Asia and East Africa, and were harvested for decades in both areas 

before unregulated collection resulted in population decline and decreased 

export (Mshigeni 1973; Parker 1974; Sen 1991). As a result, cultivation of 

eucheumoids started in South East Asia in the 1970’s (Parker 1974). Due to 

the success of eucheumoid farming, the South East Asian seaweeds and the 

farming technique were transferred to various locations of the tropical and 

subtropical world, both inside and outside the species native range. The main 

factors involved in enabling this rapid escalation of eucheumoid farming 

were the low level of technology and investments needed, as well as it being 

a potential alternative livelihood in rural areas (Pickering 2006). To date 

eucheumoid seaweeds have been introduced to more than 30 countries 

across the globe (Fig. 1) (Ask et al 2003a; Pickering 2006; Mallea et al 2014; 

Sellers et al 2015), but success of the cultivation has varied and they are 

currently only commercially farmed in a few countries (Valderrama et al 

2015). However, eucheumoid production in these countries attains more than 

eight million tonnes wet weight annually (FAO 2014). 

Eucheumoid seaweed introductions and spread outside farms 

The introduction and spread of non-indigenous seaweeds may lead to 

unpredictable and undesirable effects on native ecosystems, with the most 

common impacts being a reduction in abundance of native macrophytes and 

an altered community composition of the recipient ecosystem (Schaffelke 

and Hewitt 2007; Williams and Smith 2007). In seaweed aquaculture the 

selection of strains with suitable qualities is the key to high yields, and 

selection is commonly based on desirable traits, such as a high growth rate 

and vegetative propagation, as well as a high resistance against herbivory, 

epiphytes, diseases and abiotic stressors (Neish et al. 1977; Levy and 
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Friedlander 1990; Mollion and Braud 1993; Krann and Guiry 2000; 

Buschmann et al. 2001; Ask and Azanza 2002; Titlyanov and Titlyanova 

2010). Some of the traits, such as high growth rates and vegetative 

reproduction, are suggested to be overrepresented among non-indigenous 

species that become very abundant and have a large impact on the recipient 

system (Andreakis and Schaffelke 2012). This indicates that there might be 

specific risks connected with the introduction of cultivated seaweeds to new 

geographical areas, as these have commonly undergone strain selection. 

However, when non-indigenous seaweeds are introduced for farming 

purposes, the ecological risks are weighed against the potential 

socioeconomic gain (Pickering et al 2007), and generally environmental 

aspects have not been taken into account at the time of introduction (Zemke-

White and Smith 2006). The two main reasons for the introduction of 

eucheumoid seaweeds to new areas are the high demand for carrageenan and 

the socioeconomic potential for generating alternative livelihoods (Pickering 

et al 2007). Eucheumoid farming, being extractive rather than polluting, is 

commonly marketed as an environmentally benign alternative livelihood, 

and it has even been claimed that it might be environmentally detrimental to 

avoid an introduction, as the local community might then have to turn to 

destructive fishing methods (Ask 2003; Ask et al 2003a). Additionally, it has 

been claimed that once a cultivation is commercially operational, the risk of 

non-native seaweeds spreading to the wild will be negligible, as all loose 

lying seaweed fronds would be collected due to the economic incentive (Ask 

et al 2003a). These claims so far remain unsupported, and while it has been 

indicated that increased seaweed farming in combination with decreasing 

fish stocks, have led to a decrease in the number of fishers in some areas, 

this was not true for all localities investigated (Sievanen et al 2005; Hill et al 

2012). Furthermore, it is not known whether there are any effects on the use 

of destructive fishing methods (Sievanen et al 2005). Regarding eucheumoid 

farming as environmentally benign, it has been shown that even though 

seaweed farming may be less detrimental than other aquaculture activities 

(e.g. Bryceson 2002; Pickering et al 2007), it can still have direct and 

indirect impacts on the flora and fauna in the farming areas (Johnstone and 

Olafsson 1995; Eklöf et al 2005; Eklöf et al 2006a; Eklöf et al 2006b).  

   

Propagation of eucheumoid seaweeds may occur either by sexual 

reproduction and the spread of asexual spores, or by vegetative fronds 

breaking off in the seaweed farms and being transported to suitable habitat 

by tides and currents. Eucheumoid seaweeds commonly have a low 

frequency of sexual reproduction (e.g. Doty and Santos 1978; Lluisma and 

Ragan 1995) and low viability of spores (Bulboa et al 2008), and it is 

thought that the eucheumoids main mean of dispersal is vegetative (Doty 

1987; Pickering et al 2007; Castelar et al 2009). However, even though 

sexual reproduction appears to be absent in some areas where they have been 
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introduced (Smith et al 2002; Castelar et al 2009), viable spores have been 

found on fronds being cultivated in the field in other locations (Bulboa and 

de Paula 2005). Initially it was believed that introduced eucheumoid 

seaweeds could not become established, as vegetative fragments were not 

able to form new holdfasts, or to spread over deeper waters as they are 

negatively buoyant (Russell 1983). However, since the late 1990’s it has 

been shown that introduced eucheumoids have become established outside 

of farms in a number of areas. Eucheumoid seaweeds have become 

nuisances in Hawaii, India and Panama (Conklin and Smith 2005; 

Chandrasekaran et al 2008; Sellers et al 2015), where they have been shown 

to overgrow and smother corals, and spread has so far been confirmed also 

in Fiji, Venezuela, Brazil and Tanzania (Ask et al 2003b; Barrios et al 2007; 

Ferreira et al 2009; Halling et al 2013). However, in most cases of 

introductions no scientific studies regarding the potential spread of 

eucheumoids from farming areas have been made (Zemke-White and Smith 

2006).  

 

Figure 1. Map of eucheumoid introductions worldwide, as well as those 
countries were spread has been confirmed. 
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Figure 2. The off-bottom seaweed farming technique that is commonly used 
in Zanzibar. 
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Seaweed farming in East Africa 

The East African region differs from other locations of eucheumoid 

introductions as it harbours native, but genetically distinct, haplotypes of 

both Eucheuma denticulatum and Kappaphycus alvarezii (Zuccarello et al 

2006). Large amounts of these native seaweeds were harvested for export 

from natural seaweed beds in the decades before the South East Asian (SEA) 

seaweeds were introduced (Sen 1991), but due to overharvest the 

populations in the natural seaweed beds declined in the early 1980’s 

(Mshigeni 1973; Pettersson-Löfquist 1995; Mshigeni, 1998). In 1989 SEA 

E. denticulatum and K. alvarezii were introduced to Zanzibar, Tanzania, for 

farming purposes (Lirasan and Twide 1993).  As seaweed farming started, 

trials with native strains showed comparatively poor results, and native 

seaweeds were considered unsuitable for farming (Lirasan and Twide 1993; 

Pettersson-Löfquist 1995). The farming of SEA strains of E. denticulatum on 

the other hand, was highly successful and it soon became the dominant 

seaweed species farmed, whereas the more valuable K. alvarezii experienced 

problems with diseases and die-offs, resulting in it being farmed to a lower 

degree (Msuya 2011a). The high productivity of SEA strains lead to a rapid 

development of seaweed farming in many locations around Unguja and 

Pemba Islands (Pettersson-Löfquist 1995), and Zanzibar now has around 

15 000 - 20 000 seaweed farmers (Msuya 2011b). In later stages the farming 

practices and SEA strains have been transferred to other locations in 

Tanzania, as well as other East African countries, such as Kenya, 

Madagascar and Mozambique (Yarish and Wamukoya 1990; Mollion and 

Braud 1993; Msuya et al 2014).  

 

The most commonly used farming method in East Africa is the off-bottom 

technique, where ropes with seaweed fronds are stretched between stakes 

anchored in the substrate, usually in sandy areas or seagrass beds (Fig. 2). As 

in all commercial cultivation of eucheumoids, the propagation of plants is 

solely done by vegetative cuttings (Hurtado et al 2015), with the seeding 

material being taken from the last harvest. The farms are commonly placed 

in intertidal or shallow subtidal areas, and free-floating fronds that have 

broken off cultivation lines may be found drifting outside of farms (Halling 

et al 2013). In recent years non-indigenous SEA haplotypes of E. 

denticulatum has been found growing outside of farms (Halling et al 2013), 

indicating that an establishment of the introduced seaweeds may have 

occurred. When non-indigenous haplotypes of a native species are 

introduced there is a risk of a cryptic invasion, as they may easily be 

mistaken for their native counterpart. Such invasions have previously been 

described between morphologically similar species of algal taxa such as 

Polysiphonia, Ulva and Gracilaria, as well as for subspecies of Codium 

fragile  (McIvor et al 2001; Solgaard Thomsen et al 2006; Baamonde López 
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Research questions Paper I: 

Extensive spread of farmed seaweeds causes a shift from native to 

non-native haplotypes in natural seaweed beds 

 

1. Which haplotypes of E. denticulatum are currently being 

used in farms? 

2. Can non-indigenous haplotypes of E. denticulatum be 

found attached in close vicinity of active seaweed farms? 

3. To what extent are native and non-indigenous haplotypes 

of E. denticulatum present in areas with naturally occurring 

eucheumoids? 

4.  Is hybridization between native and introduced haplotypes 

likely to occur? 

 

et al 2007; Provan et al 2007). One example of a cryptic invasion within the 

species level in an aquatic environment is an introduced genotype of the 

common reed (Phragmites australis), that has replaced its native 

counterparts in many regions of North America (Saltonstall 2002). The 

introduced genotype has also spread into new environments (Chambers et al 

1999; Vasquez et al 2005), and has been found to outcompete other species 

and alter community structure (Benoit and Askins 1999; Able and Hagan 

2000). In the case of eucheumoid introductions to East Africa, they were 

mainly motivated by the high growth rate of the SEA seaweeds (Lirasan and 

Twide 1993), which in turn could be a competitive advantage in case of 

establishment. This raised the question of the extent of the spread of non-

indigenous haplotypes, as well caused concern for potential impacts on 

native populations. 

 

Paper I investigates the presence and extent of spread of non-indigenous 

haplotypes of Eucheuma denticulatum in four sites around Zanzibar, as well 

as the presence and extent of native haplotypes in natural settings. It also 

explores which haplotypes that are currently used in seaweed farms, as well 

as the spread of non-indigenous haplotypes within farming areas.  

 

Tropical seaweeds as habitats 

Tropical waters have long been recognized to commonly harbour a high 

species diversity of macroalgae and areas of rich macroalgal growth (e.g. 

Isaac 1960; Taylor 1968; Lawson 1969; Tsuda 1977). However, early 

accounts on tropical macroalgae have mainly focused on systematics (see 
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e.g. Gepp and Gepp 1908; Isaac 1967), and though they reveal the high 

diversity of macroalgae in the tropics, and occasionally comment on 

seaweed habitats being “rich” (Lawson 1969), “extensive” (Isaac and Isaac 

1968) and “dense” (Taylor 1968), the description of relevant ecological data 

is often sparse. As seaweed as resources became of interest in larger parts of 

the tropical world, the focus also came to include the occurrence of 

commercial species, as well as the biomass of standing crop. Large amounts 

of seaweeds were harvested from certain tropical regions (Mshigeni 1973; 

Parker 1974), and studies indicated that both non-commercial and 

commercial seaweeds could be found in high abundances in tropical areas 

(e.g. Varma and Rao 1962; Isaac and Isaac 1968; Rao 1973; Wanders 1976; 

Chuang 1977; Mshigeni 1984; Untawale and Jagtap 1989; Yarish and 

Wamukoya 1990). Macroalgal distribution and abundance is affected by a 

number of factors, such as grazing, competition, physical tolerance and 

availability of light and nutrients (Lobban and Harrison 1997). In the tropics 

grazing pressure from both herbivorous fish and invertebrates, such as sea 

urchins, can be substantial, and herbivory has commonly been shown to 

restrict macroalgal distribution to shallower and more exposed areas 

(Randall 1961; Hay et al 1983), but exceptions to this generalization occur 

(Dahl 1973). The upward distribution may instead be restricted based on the 

tolerance to air exposure and the high temperature that commonly occurs in 

shallow tropical areas, due to high insolation and large tidal amplitudes (Tsai 

et al 2004; Cox and Smith 2011). The tolerance of tropical seaweeds to high 

temperatures is high, with growth optima as high as 25-30° C (Wiencke and 

Bischof 2012), but seasonality may occur with standing crops of macroalgae 

declining during the warm or cold season, depending on region (Trono and 

Lluisma 1990; Tsai et al 2004; Ateweberhan et al 2005; Fulton et al 2014). 

    

In recent literature the majority of studies concerning tropical seaweeds (that 

do not involve systematics) appear to focus either on their uses to humans 

(see e.g. Zubia et al 2007; Matanjun et al 2009), or on the phase-shifts that 

can occur on stressed and overfished coral reefs, as coral mortality, increased 

nutrients and an absence of herbivorous fish may result in a dramatic 

increase in macroalgal abundance (McManus and Polsenberg 2004; Hughes 

et al 2007). This leads to an conspicuous dichotomy in the literature: on the 

one hand seaweeds are depicted as “saviours” which may provide future 

generations with food, feed and chemicals while reducing nutrient effluents 

from other types of aquaculture (e.g. Løvstad Holdt and Kraan 2011; Huo et 

al 2012; Radulovich et al 2015), while on the other hand they are depicted as 

the villains which are threatening the diversity and plenty of the coral reefs 

(e.g. Rasher and Hay 2010; Diaz-Pulido et al 2011; Jessen and Wild 2013). 

Few studies have, however, focused on the ecology of naturally occurring 

tropical seaweed beds (but see: Wilson et al 2010; Chaves et al 2013; Evans 

et al 2014). One potential reason may be that tropical seaweed beds have not 
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truly been considered as habitats, but have rather been considered and 

described as inhabitants of coral reef habitats, such as reef flats (see e.g. 

Morrissey 1980; McCook 1997; Costa et al 2000; Fox and Bellwood 2007; 

Wismer et al 2009) and back-reefs (McClanahan et al 1999), although 

macroalgae in some of these habitats may form assemblages that dominate in 

cover as well as community structure (Morrissey 1980; Trono and Lluisma 

1990; Tanner 1995; Costa et al 2000; Fox and Bellwood 2007; Wilson et al 

2010). Also the seasonality of macroalgae that has been shown to occur in 

some tropical regions, where the cover, height and assemblage structure may 

differ between seasons (Trono and Lluisma 1990; Vuki and Price 1994; 

Ateweberhan et al 2005), may further explain why seaweed assemblages 

have rarely been recognised as habitats, as they may be more variable than 

other habitats in tropical regions.  

 

In temperate areas, seaweed assemblages provide complex habitats and 

feeding grounds to diverse assemblages of organisms (e.g. Duffy 1990; 

Christie et al 2003; Fredriksen et al 2005; Stål et al 2007), and additionally 

constitute important carbon sources for higher trophic levels, both in the 

areas where they grow and as allochthonous detrital material (Lenanton et al 

1982; Duggins et al 1989; Dunton 2001; Wernberg et al 2006). They have 

been shown to harbour high diversity and abundances of epifauna (Christie 

et al 2009; Gestoso et al 2010), which may feed on the available algal 

resources (Duffy 1990; Viejo 1999), and constitute an important link 

between primary producers and higher trophic levels (Norderhaug et al 

2005; Stål et al 2007). Temperate seaweeds also provide juvenile fish with 

refuge as well as feeding grounds, and have been shown to influence 

recruitment of several fish species positively (Jones 1984; Carr 1994; Levin 

and Hay 1996; Schmidt et al 2011). In tropical areas these functions have 

primarily been described for other macrophyte habitats, such as seagrasses 

and mangroves, which have been shown to positively influence fish 

recruitment of coral reef fish and commercial fish species (Lugendo et al 

2005; Lugendo et al 2006; Olds et al 2012a; Berkström et al 2012), and may 

have high abundance and diversity of associated invertebrate fauna (Kwak 

and Klumpp 2004; Eklöf et al 2006a). However, also areas dominated by 

tropical seaweed assemblages have been found to harbour diverse 

invertebrate communities (Taylor 1968; Chuang 1977), and the few studies 

that have investigated the use of macroalgal beds by juvenile fish in other 

tropical regions have shown that they can indeed act as nurseries to a number 

of coral reef species (Wilson et al 2010; Chaves et al 2013; Evans et al 

2014).   
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Figure 3. A shallow seaweed bed in Menai Bay, Unguja Island. 
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In East Africa the ecology of macroalgal beds is not well known, despite rich 

and diverse seaweed beds being present in the region (Fig. 3) (Mshigeni 

1984; Yarish and Wamukoya 1990). There are, however, indications that the 

macroalgal assemblages in Tanzania have decreased in abundance and 

distribution over the last decades (Buriyo, pers. comm.). Once common 

species appear to have become scarce and a shift has occurred from native to 

non-native haplotypes of a common species (Tano et al 2015; Paper I). This 

indicates the importance of investigating the potential functions that these 

diverse habitats provide to associated fauna, as well as their overall 

ecological contribution as a part of the tropical seascape. 

 

Paper II investigates fish assemblages of seaweed beds in Menai Bay, 

Unguja Island, Zanzibar, and looks into the potential utilization of seaweed 

beds as juvenile grounds. This is accomplished by comparing the seaweed 

fish communities to those of closely situated seagrass beds, which are known 

to be utilized as nurseries for a wide variety of fish species of commercial 

importance, as well as high importance for coral reef fish recruitment. 

Additionally, the paper investigates the size specific distribution of Scaridae, 

a fish family commonly found in both seaweed and seagrass beds.  

 

 

 

Paper III investigates the mobile epifaunal communities of tropical seaweed 

beds in Menai Bay, Unguja Island, Zanzibar, and evaluates their potential 

role as feeding habitats for invertivorous fish. This is accomplished by 

comparing the epifaunal assemblage of seaweed beds to that of closely 

situated seagrass meadows, which are macrophyte habitats previously shown 

to harbour taxon rich epifaunal communities and act as feeding grounds to a 

number of fish species. Additionally, it examines the role of macrophyte 

variables on the abundance and taxon richness of the epifaunal communities 

of seaweed and seagrass habitats respectively. 

Research questions Paper II: 

Tropical seaweed beds as important habitats for juvenile fish in an 

East African seascape 

 
1. Do tropical seaweed beds act as juvenile grounds for coral 

reef fish and fish of local commercial importance? 

2. Is there a size-specific distribution of Scaridae between 

seaweed and seagrass beds? 
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Productivity problems in seaweed farming 

Apart from the apparent risk of large scale spread of non-indigenous 

seaweeds from farms, the seaweed farming of eucheumoids has lately been 

facing increasing productivity problems. In South East Asia, as well as 

several of the countries where these seaweeds have been introduced, 

problems with epiphytes, diseases and pests are resulting in decreased 

production (Vairappan et al 2008; Hayashi et al 2010; Hurtado et al 2015). 

Ice-ice, a malady mainly attributed to poor water conditions where parts of 

the algal tissue becomes bleached and necrotic, can be a major contributor to 

fragmentation and loss of farmed algal fronds (Largo et al 1995). Moreover, 

epiphyte infestations such as Neosiphonia spp. may lead to bacterial 

infections and large scale die-offs (Vairappan et al 2008; Pang et al 2015), 

and herbivory by fish and sea urchins may remove substantial quantities of 

seaweeds (Russell 1983; Pang et al 2015). One of the suggested reasons for 

the productivity problems is that the majority of all currently farmed 

eucheumoids are based on a limited gene pool, as a result of the vegetative 

propagation within cultivation which has been ongoing since the start, in 

combination with the strain selection that has taken place (Hurtado et al 

2015). As a consequence, there are now initiatives in the Philippines to 

explore a larger range of eucheumoid morphotypes from natural resources, 

in an effort to expand the genetic material of the seaweeds used for 

vegetative cultivation (Hurtado et al 2015).  

 

Also in Tanzania productivity problems within the farms have increased, 

with epiphyte infestations, ice-ice and die-offs resulting in the abandonment 

of farming in some areas (Msuya 2011a; Msuya and Porter 2014). The 

Research questions III: 

Tropical seaweed beds are important habitats for mobile 

invertebrate epifauna  

 
1. What epifaunal communities are associated with seaweed 

beds and seagrass meadows respectively, and how do they 

differ between the two habitat types?  

2. Can tropical seaweed beds act as feeding grounds for 

invertivorous fish? 

3. Which macrophyte variables influence the abundance and 

taxon richness of the epifaunal communities of seaweed 

and seagrass beds respectively? 
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farming in Tanzania is based solely on seaweeds from South East Asia, and 

therefore struggles with the same restricted genetic resources, which may 

limit the potential for adaptation to environmental changes (Halling et al 

2013). As one of the reasons for the die-offs of eucheumoids in Tanzania is 

thought to be the increased maximum seawater temperatures that have been 

observed since the 1990’s (Msuya 2011a), there is a great need to explore 

the potential for increasing the genetic variation of the cultivars used in 

seaweed farming.         

 

Paper IV compares the growth rates, as well as susceptibility to epiphytes 

and herbivory, of native East African Eucheuma denticulatum and 

Kappaphycus alvarezii to that of the South East Asian E. denticulatum, to 

explore the farming potential of native seaweeds.  

 

METHODOLOGY 

Study area 

Zanzibar is a semi-autonomous part of Tanzania, consisting of two main 

islands, Pemba and Unguja, with a population of approximately 1.3 million 

in 2012 and a population growth of around 2.8% yearly (NBS 2014). It is 

located in the Western Indian Ocean (WIO) and has a land area of around 

2500 km
2
. The climate in the region is tropical and subject to monsoonal 

seasonality, with the South East monsoon occurring from March to October 

having cooler temperatures and lower solar insolation than the North East 

monsoon, which takes place from November to February (McClanahan 

1988). The seascape around the islands contains a diverse array of different 

habitats such as coral reefs, seagrass meadows, mangrove forests and 

seaweed beds (see e.g. Berkström et al 2013a), and shallow areas are 

Research questions Paper IV: 

The introduction of South East Asian seaweed and its ecological 

implications; Can native East African Eucheuma denticulatum and 

Kappaphycus alvarezii be a potential alternative for farming? 

 

1. How do native E. denticulatum and K. alvarezii perform in a 

seaweed farm setting, compared to SEA E. denticulatum? 

2. Can native eucheumoids be potential alternatives for seaweed 

farming in East Africa? 
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subjected to large tidal amplitudes of around 4 meters at spring tide 

(Tobisson et al 1998). 

 

The majority of the studies in this thesis have been performed in Menai Bay 

(Fig. 4); a 470 km
2
 multi-use conservation area in the south-west of 

Zanzibar, which encompasses six islands and a diverse tropical seascape of 

coral reefs, seagrass beds, mangroves and seaweed beds (Tobey and Torell 

2006; Tyler et al 2011; Berkström et al 2013a; Berkström et al 2013b). Also 

covered in this thesis are various sites on the east coast of Unguja Island, 

which generally contains sand flats of varying width inside protective barrier 

reefs (Johnstone et al 1998), and commonly harbour seagrass meadows  (e.g. 

Lyimo et al 2008; Alonso Aller et al 2014), smaller patch reefs and scattered 

areas of rocky substrate. One site on the east coast that differs from the other 

sites is Chwaka Bay, which contains a varied seascape of large seagrass 

meadows, mangroves and coral reefs as well as mud and sand flats (de la 

Torre-Castro and Lyimo 2012). In addition to this some sites in Pemba 

Island have also been included (to a lesser degree).    

Figure 4. Map of Unguja and Pemba Islands, with all study sites of this thesis 
included. Close up shows study sites within Menai Bay. 
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Study species 

The focal species in Paper I is Eucheuma denticulatum, and to some extent 

Kappaphycus alvarezii and E. platycladum, whereas in Paper IV E. 

denticulatum and K. alvarezii are in focus (Fig. 5). All three species belong 

to the family Solieriaceae, of the tribe Eucheumatoideae, and are collectively 

referred to as eucheumoids (Wakibia et al 2006). All species of this tribe 

contains carrageenan, a secondary metabolite, imbedded in the cell wall. 

Eucheumoids are extremely morphologically plastic, which historically has 

led to systematic issues (Zuccarello et al 2006), and can come in a variety of 

colours and shapes. As this thesis deals with both native East African and 

introduced South East Asian E. denticulatum, it is important to note that 

there is currently no way of differentiating between native and introduced 

haplotypes in the field, but this must be done by genetic analyses.   

 

Paper II and III studies seaweed beds dominated by species rich seaweed 

assemblages, containing such taxa as Sargassum, Turbinaria, Ulva, 

Eucheuma, Padina and Amphiroa, as well as seagrass meadows dominated 

by Thalassodendron ciliatum.   
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Figure 5. The many faces of Eucheuma denticulatum (A-F), where (B) is seaweed 
from a farm and the others are wild growing E. denticulatum. Photo (G) shows a 
typical form of wild growing Kappaphycus alvarezii and (H-I) E. platycladum. 
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Field surveys 

Belt transects (2x25 m) were used for the estimation of algal cover in Paper 

I, as well as for the visual census of fish in Paper II. In Paper I estimation 

of algal cover was made at four sites (Fumba, Komonda, Sume and 

Matemwe; Fig. 4), with estimation of coverage being made in 2 meter 

sections at the time, on a 9 graded scale (1, 5, 10, 15, 25, 50, 75 or 100% 

cover), and averages were calculated for each transect. In Paper II the 

estimation of fish abundance was made using temporally stratified belt 

transects (according to Samoilys and Carlos 2000), and mobile fish were 

counted at a first swim over the transect line, while the less mobile and 

cryptic fish were counted at a second swim. For Paper II the habitat 

variables were documented along the transect line by placing a square 

(0.25m
2
) every 5 meter of the transect line (n=5), with an average being 

calculated for each transect.  

Biomass and epifauna samples    

In Paper I biomass samples of Eucheuma denticulatum were collected in 

squares (0.04m
2
) in areas where it was present at the investigated sites, and 

the wet weight was recorded. In Paper III squares (0.04m
2
) were placed 

haphazardly, in both seaweed beds and seagrass meadows, and all above 

ground macrophytes and fauna within the squares were collected in an 

attached bag. Samples were placed on ice and taken to the lab, where the 

epifauna was removed from the macrophytes and stored in 70% ethanol until 

sorting. The macrophytes were identified to lowest possible taxonomical 

level and dried to constant weight, after which dry weight was obtained. All 

fauna ≥1 mm were identified to lowest taxonomical level and counted, after 

which they were sorted into phyla and dried to constant weight, and 

weighed.    

Reproductive potential 

In Paper I the presence of reproductive structures on Eucheuma 

denticulatum were investigated by visual examination of cross and 

longitudinal sections of fronds, using a light microscope, during three 

occasions of the high growth season of the seaweeds.     

Seaweed farming 

In Paper IV Eucheuma denticulatum and Kappaphycus alvarezii, collected 

from a natural seaweed bed in Menai Bay, as well as E. denticulatum 

collected from a seaweed farm, were cultivated at three sites on the East 

Coast of Unguja Island. The cultivation followed the commonly used 
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farming practice in Zanzibar, where the seaweed fronds are tied to ropes, 

which in turn are attached to stakes driven into the sandy substrate. Before 

placement in the field, all fronds were weighed and genetic samples were 

taken in order to establish the origin and haplotype of each frond in the 

cultivation. After seven weeks of cultivation (approximately one farming 

cycle), the fronds were collected and brought back to the lab, where they 

were weighed, and the amount of epiphyte cover and herbivory were 

estimated.  

Genetics 

Many seaweed species are morphologically plastic organisms, which entails 

that their shape and colour may vary extensively between different 

environmental settings. Eucheumoid species appear to be plastic to such an 

extent that even differentiating between species may sometimes be difficult 

(Zuccarello et al 2006), and the visual appearance of seaweed fronds are of 

little help in separating non-indigenous and native strains. To be able to 

definitively separate South East Asian from East African strains genetic 

methods have been necessary. We have utilized a conserved region of 

mitochondrial DNA (cox2,3) to separate native and non-indigenous 

haplotypes (Paper I&IV) of Eucheuma denticulatum, as well as to 

investigate the number of native and non-indigenous haplotypes present 

around Zanzibar of E. denticulatum, Kappaphycus alvarezii and E. 

platycladum. 

  

For Paper I the seaweed fronds were picked haphazardly, over the entire 

areas of the different sites, to enable a credible assessment of approximate 

haplotype frequencies in natural seaweed beds. In addition, seaweed fronds 

were collected from cultivations around Unguja and Pemba Islands, and 

areas around farms were searched for attached E. denticulatum, which were 

sampled when found. In Paper IV larger quantities of both E. denticulatum 

and K. alvarezii were collected, and genetic samples were taken from all 

fronds that were used in the cultivation.  

 

All samples for genetic analyses were dried and stored in silica gel, until 

later DNA extraction at Södertörn University (Sweden). It is however 

difficult to obtain high quality DNA from eucheumoid seaweeds, as the 

secondary metabolite they are farmed for, carrageenan, is difficult to remove 

from the samples and interferes in the DNA-extraction. Two different 

methods have been used during the course of the thesis work: i) a modified 

CTAB extraction described by Zuccarello and Lokhorst (2005), and ii) the 

E.Z.N.A.® Mollusc DNA kit, which is intended to purify DNA from tissues 

rich in mucopolysaccharides. The cox2,3 spacer was generated following 

Zuccarello et al. (1999), and PCR purification and Sanger sequencing were 
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performed by Macrogen Europe Inc. using an ABI3730XL sequencer. 

Following this the sequences were quality controlled and aligned using 

Mega 5.2. The mitochondrial DNA haplotypes were aligned and identified 

by comparison with sequences from Zuccarello et al (2006) and Halling et al 

(2013), and all sequences from Paper I are deposited in GenBank® 

(KT390538-KT390698).       

KEY RESULTS AND DISCUSSION 

Spread of non-indigenous strains 

Paper I shows that the introduced South East Asian haplotypes of 

Eucheuma denticulatum are dominating in natural seaweed beds, and that 

native haplotypes are now sparse. The study also shows that attached non-

indigenous haplotypes can be found in a number of locations around 

Zanzibar, both in areas with seaweed farming activities, and areas where 

seaweed farming has never occurred. The presence of two different 

introduced haplotypes in natural seaweed beds, whereof only one has been 

cultivated during the last 10 years, illustrates that this spread is not 

dependent on a constant influx of new seaweed from the seaweed farms, but 

rather that the introduced seaweeds have established self-sustaining 

populations. This indicates that even if farming of introduced strains would 

be stopped, the SEA strains are likely to be present for the foreseeable 

future. The dominance of introduced SEA haplotypes at all the investigated 

sites, also where no seaweed farming has taken place, indicates that E. 

denticulatum has the potential to spread also longer distances. The study also 

shows that the main mode of reproduction for E. denticulatum in the region 

appears to be vegetative, as only two fronds with reproductive structures 

were found during the time of the study, which took place during the season 

of high growth. No fronds of the SEA strains were found to possess 

reproductive structures, and therefore it seems unlikely that the strains will 

hybridize. The results of the study, that the native haplotypes are now scarce 

and have a low frequency of sexual reproduction, indicates that the effective 

population size of native E. denticulatum could be very low. This illustrates 

a vulnerability of the species to changing climate conditions, as a small 

effective population may have a reduced fitness owing to factors such as 

inbreeding (Willi et al 2006). In addition, the study also found that other 

species of eucheumoids, which were once common, such as K. alvarezii and 

E. platycladum, are now very sparse and appear to have disappeared from 

areas where they were once found. 
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Seaweed beds as diverse habitats 

Paper II shows that seaweed beds in Zanzibar have high abundances of 

juvenile fish, particularly of juvenile coral reef fish and fish species of local 

commercial importance. The study also demonstrates that the abundance of 

these exceed that of seagrass beds, a known nursery habitat in the region 

(Lugendo et al 2005; Berkström et al 2012). Interestingly, it also appears that 

fish of the family Scaridae may preferentially utilize seaweed beds at smaller 

sizes (≤5 cm), while being found in seagrass beds predominantly at sizes 

above 5 cm. This indicates that fish species may utilize more than one 

vegetated habitat during their juvenile phase, and that seaweed beds may act 

as initial juvenile habitat. Such dependence by juveniles on multiple habitats, 

with seaweed habitats as initial juvenile habitat, has previously been shown 

for black-spot tuskfish in Southern Japan and red-eye parrotfish in Brazil 

(Yamada et al 2012; Feitosa and Ferreira 2015), indicating that this sort of 

preferential utilization of seaweed habitats may be occurring in several 

tropical regions. Multivariate analyses indicated that seaweed beds and 

seagrass meadows have differing fish assemblages despite both being 

vegetated habitats in relatively close proximity. Fish communities of 

seaweed beds were generally more homogenous in comparison to seagrass 

meadows, which is likely caused by the patchy distribution of larger multi-

species fish schools in seagrass meadows. We found that fish species 

richness was higher in seaweed than seagrass habitat, and that juveniles from 

the families Muraenidae and Serranidae were only found in seaweed beds. 

On the other hand juveniles from the family Siganidae, which is commonly 

associated with seaweed beds in other regions, appear to preferentially use 

seagrass beds in the Menai Bay area, as previously reported from other areas 

in the region (Lugendo et al 2005; Gullström et al 2008). The study 

illustrates that seaweed beds and seagrass meadows, while both being 

important juvenile habitats for fish in the shallow seascape around Zanzibar, 

still have their own separate roles to fill.      

  

Paper III shows that the abundance, biomass and taxon richness of mobile 

epifauna can be high in tropical seaweed beds, and that they exceeded those 

of closely situated seagrass meadows, with the two habitats harbouring 

differing epifaunal communities. The observed difference in abundance 

mainly stems from a higher abundance of crustaceans (mainly amphipods) in 

seaweed beds, while the difference in taxon richness stems from more 

numerous taxa of decapod crustaceans and gastropods. Small crustaceans, 

such as amphipods, are commonly regarded as important food sources for 

many invertivorous fish species (Brook 1977; Choat and Kingett 1982; 

Edgar and Shaw 1995). As the abundance of invertivorous fish is also higher 

in seaweed beds, this suggests that the higher abundance of epifauna in 
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seaweed beds is not due to a lower predation pressure, but rather indicates 

that seaweed beds may act as feeding grounds for invertivorous fish.  

Potential to utilize native strains in seaweed farming 

Due to the spread of introduced seaweeds discovered in Paper I, as well as 

the increased productivity problems of seaweed farms in East Africa, it was 

of great interest to assess whether native eucheumoids could be used for 

farming purposes. Paper IV shows, however, that the growth rate of 

introduced SEA Eucheuma denticulatum exceeds that of the native EA E. 

denticulatum and Kappaphycus alvarezii in two out of three farm sites in 

Zanzibar. Also when compared on a haplotype level, the EA haplotype 

PAC5 had a lower growth rate than the SEA haplotype E13, and additionally 

also a higher epiphyte cover. Unfortunately, PAC5 was the only EA 

haplotype present in sufficient numbers to enable  comparisons on a 

haplotype level, and while two other EA haplotypes were present in the 

cultivations, their performance could not be evaluated. Regarding the 

potential to farm native EA seaweeds, it is important to remember that the 

seaweeds brought in from SEA have undergone a long continuous strain 

selection before being brought to Zanzibar, whereas no such selection has 

occurred for the native strains.  

 

The finding that introduced SEA E. denticulatum can have a higher growth 

rate than its native EA congener, may provide it with a competitive 

advantage in a natural setting, and could potentially be one of the reasons for 

the relative success in attaining the high frequency found in natural seaweed 

beds (Paper I), but this must be explored further. Results for the SEA E. 

denticulatum in this study, in combination with previous studies performed 

in the EA region, paints a picture of decreasing growth rates, which 

illustrates the productivity problems that have been reported for the region 

(Msuya 2011a; Msuya and Porter 2014). 

SYNTHESIS 

This thesis shows that a cryptic invasion of natural seaweed beds has taken 

place in Zanzibar, as they now contain more non-indigenous than native 

Eucheuma denticulatum. On the one hand this thesis illustrates that the 

spread of farmed haplotypes has not led to a complete domination of shallow 

seaweed beds by the introduced haplotypes of E. denticulatum, as the 

seaweed beds where the SEA haplotypes are the dominant eucheumoids are 

currently not dominated by E. denticulatum. Rather, the seaweed beds in the 

study area still contain relatively similar percentages of the other large 

seaweed species, such as Sargassum and Turbinaria, compared to the 
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estimations for the area in the 1970’s (Mshigeni 1984). On the other hand 

this thesis also contributes to the knowledge that introduced eucheumoids 

can become established in a new environment, as has also been shown in e.g. 

Hawaii, India and Panama (Conklin and Smith 2005; Chandrasekaran et al 

2008; Sellers et al 2015). Seaweeds that are introduced for farming purposes 

commonly have high growth rates and vegetative propagation, and while 

such traits make them easy and profitable to cultivate, the same traits have 

also been suggested to be common in seaweeds that become invasive 

(Andreakis and Schaffelke 2012), and may hence aid the introduced 

seaweeds in spreading and becoming established in their new surroundings. 

Although it should be noted that a species that becomes invasive in one area  

must not necessarily become invasive in all areas where it is introduced 

(Trowbridge 2006), the growing body of knowledge showing that seaweed 

species introduced for farming purposes can become both established and 

invasive should be further taken into account before any introductions are 

made.  

 

In addition to this, the thesis gives indications of decline of natural 

populations of eucheumoid species in Zanzibar, as compared to the scarce 

data available from the area (Mshigeni 1984). Two of the eucheumoid 

species identified from the region, Kappaphycus alvarezii and E. 

platycladum, appears to have a very low frequency of occurrence and to 

have disappeared from areas where they used to be found. The most 

common eucheumoid species, E. denticulatum, is still present in natural 

seaweed beds to a larger extent. However, as it appears to reproduce mainly 

by vegetative means, this could lead to a limited potential for the species to 

adapt to changing environmental conditions. There are indications that also 

in mainland Tanzania eucheumoid species are disappearing from areas 

where they historically have been abundant (Mshigeni 1979; pers. obs.), and 

some areas previously found to have rich algal assemblages are now 

essentially bare (A. Buriyo pers. comm.; pers. obs.), but the reasons for this 

are unknown. 

 

In the light of the current changes to seaweed assemblages the results from 

the investigations on the ecological contribution of seaweed beds to the 

tropical seascape are of high importance. This thesis illustrates that tropical 

seaweed beds can have a high species and taxon richness of not only 

macrophytes, but also of mobile epifauna and fish, indicating that seaweed 

beds can be of importance for local species diversity. The results also 

suggest that seaweed beds act as juvenile and feeding grounds to a number 

of fish species, and as habitats to numerous invertebrates, and additionally 

that these species and taxa may differ from other vegetated habitats. 

Therefore it is important to recognize seaweed beds as a separate part of the 

tropical seascape. Studies showing that connectivity within a complex 
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tropical seascape may influence the abundance and diversity of fish through 

diel and ontogenetic migrations are gaining ground (see e.g. Olds et al 

2012b; Berkström et al 2012; Martin et al 2015), and connectivity within the 

seascape is increasingly being considered for management actions (Olds et al 

2012b; Olds et al 2014). However, studies of tropical seascape connectivity 

do commonly not include seaweed beds, even though the results from this 

thesis, as well as studies from other tropical regions show that seaweed beds 

can act as juvenile fish habitats in many different areas of the tropical world 

(Wilson et al 2010; Chaves et al 2013; Evans et al 2014). This indicates a 

need for including seaweed beds in future studies of seascape connectivity 

and management actions. To attain a more complete view of the utilization 

of the shallow tropical seascape, more focus should be put on habitats that 

previously have received little attention, as they may provide important 

ecosystem services, although not yet recognized.  

 

The productivity problems that are being experienced by the seaweed 

farming communities, not only in East Africa but also in other regions of 

eucheumoid farming (Hayashi et al 2010; Msuya 2011a; Msuya and Porter 

2014; Hurtado et al 2015), illustrates the need for diversification of cultivars 

if a sustainable cultivation is to be secured. This thesis, as well as a previous 

study by Halling et al. (2013), indicates that the current cultivation of E. 

denticulatum in Zanzibar is based solely on one introduced SEA haplotype. 

This heavy reliance on such a narrow genetic basis could be hazardous, as it 

has been suggested that it may increase the vulnerability to both biotic and 

abiotic stressors (Guillemin et al 2008; Loureiro et al 2015). While this 

thesis illustrates that the introduced SEA E. denticulatum has a higher 

growth rate than the EA E. denticulatum and K. alvarezii, it is important to 

consider that no selection of cultivars have so far been performed for the 

native EA eucheumoids. A total of six native EA haplotypes have so far 

been discovered (Zuccarello et al 2006; Halling et al 2013; Tano et al 2015 

(Paper I); unpubl. data), which illustrates that there may be potential for 

future strain selection. However, as most of the EA haplotypes appear to 

have low frequency of occurrence around Zanzibar, and as it is currently not 

possible to visually separate EA and SEA E. denticulatum in the field, this 

indicates that future strain selection may be a demanding endeavour.  

FUTURE RESEARCH 

This thesis has aimed to add to the body of knowledge concerning tropical 

seaweed beds and the spread of non-native haplotypes, yet much remains to 

be done to explore the ecology of tropical seaweed beds, as well as to 

understand the potential implications of the spread of non-native haplotypes. 

Further studies should for example explore if there are similar patterns of 
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decreasing abundance of eucheumoids also on a larger scale in the East 

African region, as there are indications that this may be the case. 

Additionally, it should be investigated if the spread of non-indigenous 

Eucheuma denticulatum from seaweed farms is also taking place in other 

areas of East Africa, as seaweed farming of SEA haplotypes is occurring in 

mainland Tanzania, as well as Mafia Island, Kenya, Madagascar and 

Mozambique. There are indications that spread of SEA E. denticulatum and 

Kappaphycus alvarezii is occurring in mainland Tanzania (Tano et al. 

unpubl. data), although the extent of this is unknown. The potential of non-

indigenous strains to become nuisances in other habitats should also be 

further studied, as an overgrown coral reef has recently been discovered in 

the Menai Bay area (Fig. 6), and preliminary data indicates that the culprit is 

the non-indigenous SEA E. denticulatum haplotype E13 (Eggertsen et al. 

unpubl. data).  

 

An important aspect to further explore in regards to the ecology of tropical 

seaweed beds is the potential seasonality of seaweed assemblages in East 

Africa. As it is known that tropical algal assemblages may differ in biomass, 

cover and species composition on a seasonal basis (Trono and Lluisma 1990; 

Vuki and Price 1994; Ateweberhan et al 2005; Wilson et al 2014), it would 

be of interest to explore the seasonal changes in East African seaweed beds, 

and to evaluate how this affects the associated biota.    

Figure 6. Eucheuma denticulatum growing on an Acropora coral reef. 
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Regarding the potential for farming native eucheumoids there are several 

aspects that should be explored. Apart from strain selection of EA 

eucheumoids for higher growth rates, the carrageenan quantity and quality 

are important components to address, as a higher quality and/or quantity 

could compensate for lower growth rates.   
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POPULÄRVETENSKAPLIG 

SAMMANFATTNING 

Makroalger (tång) har under en lång tid använts av människor för såväl mat 

som foder och gödning, och de har skördats från algbäddar och samlats på 

stränderna efter att ha blåst i land. I takt med att användningsområdena har 

ökat, och ohållbart skördande har lett till en minskning av naturliga 

algresurser, så har algodling blivit allt vanligare.  

 

Eucheumoider utgör ett av de algsläkten vars produktion har ökat mycket 

under de sista årtiondena, som odlas för utvinning av karragen, ett 

stabiliseringsmedel som används i t.ex. mejeriprodukter och kosmetika. De 

algarter som används mest i odling har två olika utbredningsområden, ett i 

Sydostasien och ett i östra Afrika. Under 1970-talet påbörjades odling av 

dessa alger efter att skördarna från de naturliga algbäddarna minskade 

drastiskt. Odlingen startade i Filippinerna, men har därefter brett ut sig även 

över andra delar av tropikerna, och i dagsläget har Sydostasiatiska alger 

blivit introducerade till mer än 30 länder i odlingssyfte. Att introducera 

främmande arter innebär en risk för spridning utanför odlingen, och att de 

kan etablera sig i det vilda i det nya området, där den kan förändra de 

ekologiska förutsättningarna för inhemska arter.  

 

På Zanzibar i östra Afrika introducerades de sydostasiatiska algerna 1989, 

och odlingen av en av arterna, Eucheuma denticulatum, ökade snabbt. Inte 

förrän långt senare blev det klarlagt att de afrikanska och de sydostasiatiska 

algerna, trots att de är samma art, är genetiskt distinkta. Detta innebär i 

princip att det finns liknande risker som om man hade introducerat en helt ny 

art, eftersom det är möjligt att de skiljer sig åt i t.ex. hur snabbt de växer och 

hur mycket de blir betade av växtätande djur. Undersökningar visade att de 

sydostasiatiska algerna hade spritt sig från algodlingarna. Att undersöka 

utbredningen och omfattningen av de introducerade algerna i jämförelse med 

de inhemska var därför ett av avhandlingens syften.  

 

Resultaten visade att de inhemska algerna har blivit sällsynta, och att även i 

områden där det aldrig har funnits några odlingar så hittas nu mest de 

sydostasiatiska algerna. Vi såg också att de inhemska algerna förefaller att 

huvudsakligen föröka sig vegetativt. Detta innebär att de förökar sig genom 

att delar av algen bryts av, lossnar och förs bort med vattenrörelser, där de 

avbrutna delarna har kapacitet att börja växa om de hittar ett lämpligt 

underlag att fästa vid. Ur en evolutionär synvinkel kan detta vara 

problematiskt, eftersom detta riskerar att leda till få en liten genetisk 

variation, och en bred genetisk variation kan vara viktigt för att en art ska 

kunna anpassa sig till en omgivning som förändras. Utöver detta visade det 
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sig att vissa av de arter av eucheumoider som funnits i området tidigare nu är 

ovanliga, och på vissa platser verkade de ha försvunnit helt. 

 

Dessa resultat, i kombination med att det finns uppgifter om att alger verkar 

minska i Tanzania, ledde vidare till frågan om vilka ekologiska funktioner 

tropiska algbäddar faktiskt har. Många andra tropiska habitat har undersökts 

i ganska stor utsträckning, och det är känt att t.ex. sjögräsängar och 

mangroveskogar är viktiga områden för juvenila fiskar, framförallt av 

korallrevsarter och arter som är viktiga för fisket. Betydelsen av algområden 

i tropikerna är däremot ganska okänd, och även om några få studier visat att 

de kan vara viktiga på andra håll i världen, så var ingenting känt om deras 

betydelse i Östafrika. Vi valde därför att undersöka vilka fiskar, och i vilka 

ålderklasser, som använde sig av algområdena, och jämförde det med 

sjögräsängar i närheten. Våra resultat visade att algområden i Östafrika har 

ett högt antal av juvenila fiskar, och framförallt ett högt antal av 

korallrevsarter och arter viktiga för det lokala fisket. I jämförelse med 

sjögräsängar, som är kända för att vara viktiga för ung fisk, visade det sig att 

algområden faktiskt hade ett högre antal juvenila fiskar. Vi undersökte också 

antalet ryggradslösa djur (evertebrater), och fann att algområden hade stort 

antal av evertebrater och även ett högt antal fiskar som äter evertebrater. 

Detta förefaller alltså innebära att algområden inte bara kan vara viktiga för 

ung fisk, utan även har möjlighet att fungera som födosöksområden.  

 

Vår sista studie tog oss tillbaka till starten igen: Algodlingen. Under senare 

år har algodlingen börjat gå sämre i både Östafrika och Sydostasien, och det 

har visat sig att det kan vara riskabelt att basera en hel odling på bara några 

få kloner eftersom det kan öka risken för sjukdomar. På Zanzibar såg vi 

redan i vår första studie att all odling baseras på mer eller mindre en enda 

klon (individer med samma ursprung och identisk genuppsättning), vilket 

kan leda till att produktionen kan minska dramatiskt om omgivningarna, t.ex. 

vattentemperaturen, förändras. För att få in nya alger i odlingarna finns det 

två alternativ, antingen introduceras nya alger från Sydostasien, eller så kan 

man försöka odla de inhemska algerna. Vi ville undersöka om detta var 

möjligt, och odlade därför alger från naturliga algområden för att kunna 

jämföra de Östafrikanska algerna med de Sydostasiatiska som används i 

odlingarna. Våra resultat visade att de sydostasiatiska algerna växer 

snabbare, men visade också att det finns ett antal olika inhemska alger att 

testa om man vill försöka selektera fram alger som växer snabbare. I 

dagsläget har det hittats sex olika inhemska genetiska varianter av arten E. 

denticulatum, och trots att det kan vara tidskrävande att försöka ta fram 

inhemska alger med en bra tillväxt, så är det en möjlighet som borde 

utvecklas i framtiden. 
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