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Terrestrial sediment inputs and benthic community 
structure of a reef-lagoon ecosystem, Bay of Ranobe, 

Southwest Madagascar 

ABSTRACT 

The Bay of Ranobe lagoon system is located on the Southwest coast of 

Madagascar, its 32km barrier reef and patch reef network form part of the 

‘Récif Complex de Toliara’ one of the most significant coral reef systems in 

the Western Indian Ocean and the third largest coral reef system in the world. 

Since research was first conducted in 1978 the Bay of Ranobe, episodic 

events and chronic stressors have instigated severe degradation of this 

system. Surface sediments of the Bay of Ranobe lagoon system are of two 

types: marine biogenic carbonates supplied by inter-reefal benthic organisms 

and siliciclastic (terrigenous) material deposited on the reef system through 

weathering, fluvial processes and coastal transportation. Sampling station 164 

in the north of the lagoon system, in close proximity to the river mouth, has a 

terrigenous deposit composition of over 40% wt, suggesting that fluvial 

sediments are being transported from the river into the adjacent marine 

environment. Deposits of terrigenous material, located in the northern section 

and midpoint adjacent to the coast combined with terrestrial data (Harper 

2008) imply that these areas are subject to changes in land-use practices. 

Benthic assessments and evaluation of sediment composition including 

mixing of terrigenous carbonate-siliclastic sediments provides significantly 

different habitat biotype profiles with seagrass meadows being the dominate 

feature of this grouping and are suggested to underpin the productivity of this 

tropical marine lagoon system. 
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1. INTRODUCTION 

 

1.1 MADAGASCAR; A LIVING LABORATORY OF EVOLUTION 

 

Madagascar has been described as a living laboratory of evolution in 

reference to its immense abundance of endemic terrestrial and marine 

species (Mittermeier et al 1999, McKenna and Allen 2003). As the world’s 

fourth largest island with an extensive coastline of 4,828 km (Spalding et al 

2001) supporting approximately 3450km of coral reefs (Webster and 

McMahon 2002) it is not surprising that the coral reefs are described by 

Cooke et al (2000) as one of the most significant and extensive marine 

habitats in the Indian Ocean.  

 

These coral reef ecosystems have been found to be extremely rich and 

diverse with an estimated 752 species of fish and 380 coral species, the 

highest recorded coral diversity of the Western Indian Ocean and Red Sea 

(McKenna and Allen 2003). However, the scientific knowledge on 

Madagascar’s marine environment is considered to be relatively poor and 

fragmented compared to its terrestrial counterparts (Cooke et al 2000, Gabrié 

et al 2000). Despite recent increases of research into Madagascar’s coral 

reefs (McClanahan and Obura 1998, Webster and McMahon 2002, McKenna 

and Allen 2003, Nadon et al 2007, Harris et al 2010) there still remains 

considerable scope for further biological assessments of these extensive and 

ecologically significant habitats. In a global risk assessment of coral reefs,  



 
 
 

Page | 2 
 

 

Madagascar’s reefs were placed at a medium to high risk (Bryant et al 1998). 

Global warming, excessive sedimentation and over-fishing are currently 

considered the main threats to the integrity and survival of these reefs (Cooke 

et al 2000). Extensive deforestation across the country (Inns 2010) has 

resulted in massive soil erosion and the subsequent increase in terrigenous 

sedimentation transported to coastal areas causing considerable damage to 

some coral reefs (Cockroft and Young 1997, Gabrié et al 2000).  

 

Coral bleaching has also impacted large areas of reefs across the country; the 

global bleaching event of 1998 resulted in coral mortality levels of up to 80-

90% in some areas (McClanahan and Obura 1998) and has been attributed to 

be a major cause of degradation for reefs in the southwest region (Maharavo 

1997, 1999). It has also been suggested that the number of traditional 

fishermen has increased fivefold in the last two decades (Gabrié et al 2000) 

resulting in significant marine resource over-exploitation especially in the 

region surrounding the large urban centre of Toliara where around 50% of all 

fishermen operate (Laroche & Rarnananarivo 1995). Such rapidly growing 

human populations dependant on ecosystem goods and services throughout 

the coastal regions ensuing additional stressors to Madaascar’s coral reef 

systems (Hutchings et al 2005, Johnson and Marshall, 2007) through coastal 

pollution and nutrient enrichment (Hinrichsen 1998) With existing regional and 

global threats such as episodic events such as cyclones and subsequent 

bleaching of scleractinian corals together with chronic stressors such as over-

harvesting of the near-shore marine environment, it is essential that the 
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assessment of the current status these marine environments is made to 

enable effective future management systems to conserve this reef system in 

the context of global change and evaluating the potential for conservation 

initiatives. 

Therefore, this study seeks to ascertain an evaluation of surface sediment to 

develop an understanding of the present distribution patterns of terrestrial 

sediments within near-shore settings and assess the present spatial extent of 

terrigenous sediment within the modern lagoon system. The environmental 

framework for the study area with a quantification of benthic biodiversity and 

distribution is to characterise the lagoon environment in terms of its physical, 

environmental and biological characteristics 

 

1.2 AIMS AND OBJECTIVES OF THIS RESEARCH 

 

The purpose and structure of this study is thus threefold.  

(1) Assess data on the sediment dynamics in the shallow turbid waters of the Bay of 

Ranobe lagoon system. Reviewing the literature on the effects of sedimentation on 

coral-dominant ecosystems and present new data from the lagoon system Bay of 

Ranobe, Southwest Madagascar  

 

(2) To better understand the relationship between sediment, geomorphology and 

biological communities 

 

(3) Evaluate the impact of episodic and chronic stressors on the Bay of Ranobe 

lagoon system through the comparison of historical research data assessing the 

impacts of global climate change and anthropogenic disturbances. 
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2. BACKGROUND 

Coral reefs are amongst the most productive and diverse ecosystems in the 

world (Hoegh-Guldberg et al 2007, Wild et al 2011), with over 500 million 

people living within 100km of a reef system (Bryant et al 1998, Moberg and 

Folke, 1999), and a large percentage of these systems located in developing 

countries, climate and environmental changes that impact the productivity and 

diversity of these systems (Marshall and Schuttenburg 2006), will have lasting 

consequences on the tens of millions of people that are dependent on these 

reef systems for all or part of their livelihood (Moberg and Folke 1999 Le 

Manach et al 2011)  
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2.1 CLIMATE CHANGE AND GLOBAL WARMING 

 

Climate change and global warming pose a sever threat to coral reefs 

(Buddemeier et al 2004) from multiple stressors such as ocean warming and 

acidification attributed to the increase in atmospheric carbon dioxide (Sabine 

et al 2004, Anthony et al 2011). Ocean warming and acidification (fig 1)  is 

also indicated to be linked to coral disease prevalence (Williams et al 2010) 

and the reduction of calcification rates in reef building species (Kleypas and 

Langdon 2006).  

Figure 22; Temperature [CO2]atm, and carbonate-ion concentrations reconstructed from the 

past 420,000 years to show the thresholds for major change top coral communities for 

thermal stress and carbonate-ion concentrations that decrease the concentrations of 

carbonate slowing coral calcification (Hoegh-Guldberg et al 2007). 
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In the context of ecological responses of these coral-dominated systems to 

climate change, the escalation in the frequency and severity of episodic 

events (Carilli et al 2009, Chollett et al 2010) such as El Nino-Southern 

Oscillation (ENSO) (Wilkinson1998) and cyclonic disturbance (Turner and 

Klaus 2005) exerting extreme force on the reef systems (Riddle 1988) 

effecting framework function (Geister 1977, Blanchon 1997, Harmelin-Vivien 

1994) and structure (Connell 1978, Gardner et al 2005) coupled with elevated 

and extended sea surface temperature (SST’s), that have been suggested by 

numerous studies to inducing coral bleaching events (Quad and Bigot 1999, 

Hoegh-Guldberg  1999, Sheppard 2003, Donner et al 2005) lead to the 

degradation of coral-dominant systems by negatively impacting the 

survivorship of scleractinian corals (Hoegh-Guldberg 1999, Douglas 2003) 

and reductions in corallivorous fishes in the short term and fish diversity 3–4 

years following a thermal stress event (Pratchett 2007, Munday et al 2008). 

 

Chronic (Mora 2009) or local-scale (Anthony et al 2011) stressors attributed to 

anthropogenic impacts (Wilkinson 2002, Hughes et al 2003, Bellwood et al 

2004, Underwood et al 2006) such as over-exploitation of the near-shore 

marine environment (Kendall et al 2003, Walker 2008) habitat modification 

(Smith et al 2011), and over-harvesting (Souter 2002 Hughes et al 2005) that 

impinge on biodiversity and productivity (Chabanet et al 1996) are understood 

to initiate ecosystem community shifts (McClanahan and Muthiga 1998, 

Lirman 2001, Hughes et al 2007) especially in areas of high human population 

levels (Pet-Soede et al 1999). Thus it can be assumed that when a coral-
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dominated ecosystem are subjected to episodic events coupled with chronic 

stressors the resistance and/or resilience of scleractinian corals to such 

stressors is reduced, leading to the degradation of these ecosystems.  

Consequential impacts on the subsequent communities that depend on these 

systems for all or part of their livelihood (Hoegh-Guldberg 1999, Hoegh-

Guldberg et al 2007, McClanahan 2008) can be assumed to result in 

escalating poverty, which is among the major sources of human psychosocial 

suffering (Lund et al 2010) and morbidity (Acorsi et al 2005, Nguyen and 

Peschard 2003, Tucker et al 2011). 

 

2.2 CORAL-DOMINATED REEF SYSTEMS 

 

Tropical coral reef systems are physically dynamic structures comprised of a 

diverse matrix of calcifying sedentary organisms such as hard corals and 

coralline algae, as well as non-autotrophic benthic sessile organisms such as 

molluscs, foraminifera, echinoderms and sponges.  

 

Hermatypic corals are the defining feature of tropical reef systems and 

contribute significantly to species richness and diversity as members of the 

phylum Cnidarian, hermatypic corals belong to the mainly colonial group 

Scleractinia and are characterised by the construction of a calcium carbonate 

‘reef building’ skeleton and the symbiotic relationship with zooxanthellae, 

single-celled marine algae that colonise the endodermal tissues of corals, 

releasing energy through photosynthesis and providing pigmentation for the 

coral host.  
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This relationship with the coral host is termed a holobiont. Evaluation to 

determine the response of specific coral taxa to local and/or regional stressors 

that induce deleterious physiological responses or ailments (Douglas 2003) 

can be used to assess the potential vulnerability of reef systems. A 

comprehensive risk assessment of marine habitats completed by Halpern 

2008 indicated that over half of the coral reef systems worldwide are under 

medium to high anthropogenic pressure, with over 21 percent of all coral reefs 

threatened by sedimentation from land based sources, primarily due to 

logging and poor agriculture practices (Burke et al 2002), with one-third of all 

scleractinian corals are ‘considered to be at risk of extinction’ (Carpenter et al 

2008).  

 

Primary controls of coral-dominated reef growth include allocyclic factors such 

as sea-level, salinity, temperature, acidity, currents and weather patterns 

(Buddemeier and Hopley 1988, Larcombe and Woolfe 1999), secondary 

factors include sedimentation, water quality and autocyclic direct and indirect 

biological interactions (Larcombe and Woolfe 1999). Whereas coral reef 

disturbances involve multiple anthropogenic impacts, such as destructive 

fishing practices, over-harvesting of marine products and eutrophication 

(Richmond 1993, Hughes 1994, Brown 1997, Nystrom et al 2000).  

 

2.3 CLIMATE CHANGE AND CORAL REEFS 

 

Climate change and chronic stressors that induce substantial coral mortality 
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(McClanahan et al 2007, Suggett and Smith 2011) instigating community 

change and/or phase shifts (Smith et al 1981, Hatcher et al 1989, Done 1992, 

Hughes 1994, Genin et al 1995, Lapointe 1997). Studies conducted by Glynn 

(1993), Aronson and Precht (1997), Diaz-Pulido and McCook (2002), Aronson 

et al (2004) all indicate that climate change will contribute to these phase 

shifts in the near-shore marine environment and may have an additional 

influence over the long-term through the degradation of reef framework and 

function (fig 2).  

 

Phase shifts effect the framework and function of the coral reef system by 

shifting from a scleractinian coral-dominated system to alternative reef states 

such as corallimorphs (Norström et al 2009) gorgonians, soft corals, ascidians 

and sponges (Bak et al 1996, Maliao et al 2008) and/or macro-algae (Hughes 

1994, McCook 1999, Diaz-Pulido and McCook 2002, Bellwood et al 2006, 

Birrell et al 2008).  

 

Numerous studies have suggested that the subsequent colonisation of dead 

corals by a diverse macro-algae community (fig 2) (Hoegh-Guldberg et al 

2007, Diaz-Pulido and McCook 2002) as well as the overgrowth of living 

scleractinian corals by invasive and damaging macro-algae (Smith et al 2006; 

Haas et al 2010) will, in turn reduce resistance and/or resilience of the 

remaining scleractinian coral community to regional and local stressors. With 

the loss of live coral substrate and as the coral reef community changes, 

topographic complexity of the reef system will be diminished through the 

process of bioerosion, thus, through positive feedback mechanisms 
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(McManus et al 2000) the availability of space for the settlement of new 

coral recruits is reduced. Diversity and density of reef fish populations are also 

affected as high abundances and diversity of reef fishes is associated 

with complex reef topography (McClanahan and Shafir 1990). 

 

 

Rapidly declining reef health and localized phase shifts towards macro-algal 

dominated systems can also be symptomatic of chronic stressors inflicted by 

the artificially low number in herbivorous fish species (Carpenter 1986, 

Figure 23; Ecological feedback processors on a coral reef system outlining the pathways of 

disturbance caused by climate change. Arrows indicate the effects of ocean acidification (blue) and 

global warming (red) with boxes that are joined by the red pathways implying a negative 

(decreasing) impact on the box. Green arrows imply a positive (increasing) relationship. Hexagonal 

boxes will increase, whereas rectangular boxes will decline. Boxes with a dash-line are responsive 

to management strategies (Hoegh-Guldberg et al 2007) 
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Burkepile and Hay 2006, Williams et al 2001, Hughes et al 2007, Burkepile 

and Hay 2010) attributed to the over-exploitation of the near shore marine 

environment by coastal populations increasing the ability of macro-algae to 

‘out compete’ coral for space (Carilli et al 2009, Anthony et al 2011). 

 

The outcome of which can have significant implications for the long-term 

survivorship and growth of coral (Lapointe et al 1997, McClanahan and 

Muthiga 1998, Lirman 2001) affecting the productivity and diversity of the 

coral reef ecosystem. 

 

2.4 EVOLUTION OF SCLERACTINIAN CORALS TO COPE WITH SEDIMENT STRESS  

 

Sedimentation is regarded by many as a having a deleterious impact on coral 

reef benthic ecology (Lota 1976, Dodge and Vaisnys 1977, Cortes and Risk 

1988, Vankatwijk et al 1998, Brown et al 2002). However, implications and 

effects of sedimentation, in terms of both near-shore (including coral reef) and 

benthic ecology, are complex and relatively poorly understood. In terms of the 

impact of sedimentation on benthic ecology, the following points are relevant.  

 

Scleractinian corals have evolved many mechanisms to cope with sediment 

stress such as morphological adaptations and actively shedding sediment 

(Hubbard and Pocock 1972, Bak and  gershuizen 1976, Lasker 1980, 

Stafford-Smith and Ormond 1992, Stafford-Smith 1993, Riegl 1995) such as 

the massive to platy morphologies of coral such as Porites (Sanders and 

Baron-Szabob 2005) possessing small-polyp’s and producing large amounts 
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of mucus that form mucus-particle aggregations which have been observed to 

increase the sedimentation and recycling rates in which limited nutrients can 

be reutilised (Wild et al 2004a, 2004b, Huettel et al 2006, Naumann et al 

2009). While most mendroid corals are effective at dispersing sediment 

(Anthony 2008) and scleractinian corals of the branching morphology such as 

Acroporidae provide a very small surface area for sediment to settle which 

can be dispersed by currents (Veron 2009). Thus, specific coral taxa have 

been found to be resilient to areas of high turbidity and/or sedimentation rates 

(Mayer 1918, Yonge 1930, Marshall and Orr 1931, Riegl 1995, Wesseling et al 

1999, Sanders and 2005, Veron 2009)  

 

As mixotrophs, scleractinian corals are supplied energy through the 

absorption of compounds translocated from the photoautotrophic 

endosymbiotic algae or zooxanthellae, dissolved organic/inorganic matter 

(Muscatine et al 1984, Wild et al 2011). Zooxanthellae are accountable for as 

much as 95% of photosynthetically fixed carbon translocated to the coral host, 

with the coral-zooxanthellae holobiont able to adjust the photosynthetic 

potential to the external environmental conditions through alterations of 

zooxanthellae densities in the host tissue (Goulet 2006, Osinga et al 2011).  

 

 

Thus, scleractinian reef-building corals are dependent on light energy 

transferred from the photosynthetic zooxanthellae for rapid growth of an 

organic matrix in which calcium carbonate is deposited (Chalker 1981) 

reproduction and maintenance (Bythell 1988) studies have emphasised the 
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synergies between irradiance and growth/calcification rate in scleractinian 

corals (Goreau 1959, Chalker 1981, Marubini et al 2001, Reynaund et al 

2004, Schlacher et al 2007, Schutter et al 2008, Osinga et al 2011).  

 

light limitation in zooxanthellae result in the insufficient production of energy 

due to reduced photosynthates (Titlyanov et al 2001) ineffectual translocation 

of photosynthates suggested by Marubini and Davis (1996) to be associated 

with nitrification, a reduction in internal pH from the lowered photosynthates 

effecting calcification rates (Schneider and Erez 2006) or photoinhibition 

(Iglesias-Prieto et al 1992)  inducing photoinhibition,  this can lead to 

bleaching defined as: the process by which the coral-algae mutualistic 

symbiosis (Day et al 2008) breaks-down leading to the expulsion of the 

zooxanthellae and a loss of pigmentation (Wild et al 2004).  

 

Bleaching typically corresponds with extended periods of Sea Surface 

Temperatures (SST) (fig 2) above the suggested bleaching threshold of 

27.5°C (McClanahan et al 2005) with the occurrence and intensity of 

bleaching being highly variable both within a coral colony, between coral 

colonies, within a reef and between reefs systems (Lough 2007). Resistance 

and resilience of coral to deleterious physiological responses has been linked 

to local stressors (Carilli et al 2009). 

 

Scleractinian corals also have the ability to consume particulate organic 

matter through the act of macro/microphagy (Muscatine 1973, 1990, Porter 

1976, Tomascik and Sander 1985, Sorokin 1990, Schlichter and 
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Brendelberger 1998) this provides an energy resource for the corals 

especially during periods of stress and/or when corals are subjected to high 

turbidity resulting in low light levels and/or exhibiting the bleaching response. 

 

Heterotrophic feeding mechanisms can be utilised to provide a source of 

energy. Numerous species of coral including Acropora feeding on particulate 

matter suspended in the water column in near-proportion to availability 

Anthony (1999). Near-shore marine environments are extremely rich in 

nutrients in the form of planktonic organisms such as zooplankton (Porter 

1974, Sebens et al 1996), microzooplankton (Ferrier-Pages et al 1998), 

bacteria (Bak et al 1998), sediment (Stafford Smith and Ormond, 1992) 

suspended particulate matter (Anthony 1999a, 2000, Furnas et al  2005, 

Roman et al 1990, Anthony 1999b, 2006) providing an energy source for 

heterotrophic feeders such as scleractinian corals where as oligotrophic 

environments maybe limited because of carbon fixation exceeds the supply of 

macro-nutrients such as Nitrates and Phosphates (Anthony 1999b, 2000) with 

research by Dubinsky and Jokiel (1994) suggesting that heterotrophic feeding 

maybe a way to provide the holobiont with nitrogen. However, if the expulsion 

of the zooxanthellae from the host occurs the act of macro/microphagy alone 

is unable to produce enough energy for reproduction and growth and is 

suggested to deplete lipid stores (Anthony 1999a) resulting in a ‘food 

shortage’ and starvation (Porter et al 1989, Fitt et al 1993). 
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2.5 SCLERACTINIAN CORALS, SEDIMENTATION AND SUSPENDED PARTICULATE MATTER  

 

Many studies such as Roy and Smith (1971), Done (1982), Johnson and Risk 

(1987), Acker and Stearn (1990), Riegl (1995), Kleypas (1996), McClanahan 

and Obura (1997), Woolfe and Larcombe (1998), Larcombe et al (2001), imply 

that scleractinian corals that settle and grow in moderate to intermediately 

high turbidity are not necessarily more stressed than scleractinian corals that 

have settled and developed in oligotrophic waters.  

 

Rosenfeld et al (1999) used fluorescently labelled sediment to demonstrate 

the transfer of labelled organic matter from the sediment into the cells of the 

solitary coral Fungia horrid, providing evidence for capacity of a specific coral 

species to utilize sediment in this manner. Anthony et al (2002), using a 

controlled tank experiment on Acropora intermedia, demonstrated that at high 

temperature there was an increased mortality risk at all light levels and but 

when corals were subjected to high sediment loads together with high 

temperature and/or high light conditions reduced mortality was observed, 

potentially due to the alleviating factor of increased turbidity reducing light 

penetration and by providing alternative food sources for affected corals.  

 

Increased turbidity in the water column with consequent implications for 

reduced light penetration from high levels of suspended sediment can affect 

the photosynthetic process of reef-building coral (Birkeland 1977, Rodgers et 

al 1984). Sedimentation, turbidity, ambient suspended and settling sediments, 

may also instigate excessive use of energy activating sediment rejection 
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mechanisms (Dodge 1974), such as an increase in mucus production thus 

inhibiting growth. Corals are subject to both passive (wave action) and active 

(increased muco-ciliary activity) sediment removal mechanisms (Lasker 1980) 

and display a range of symptoms indicative of sub-lethal stress, including 

sediment stress, such as the extrusion of mesenterial filaments, unusual 

mouth opening responses, changes in feeding behaviour, unusual polyp 

contraction or expansion, and excess mucus production (Brown and Howard 

1985, Pastorak and Bilyard 1985; Rogers 1990, Stafford-Smith 1992, Stafford-

Smith and Ormond 1992, Antony et al 2007).   

 

This may lead to a decrease in zooxanthellae concentration and/or bleaching, 

Nemeth, Sladecemeth, and Ladeck-Nowlis (2001) found a strong positive 

correlation between sedimentation and bleaching. Framework-building 

scleractinian corals namely the genera Acropora, Seriatopora, Pocillopora, 

and Stylopora are examples of fast growing genera exhibiting branching and 

digatate morphologies that are suggested by Marshall and Baird (2000), Loya 

et al (2001) and McClanahan et al (2002) to be stenothermic and present a 

low tolerance to thermal stress, where as slow growing genera such as 

Porites that display massive and encrusting morphologies are eurythermic 

and present a higher tolerance to thermal stress. Furthermore, larger colonies 

of these stenothermic genera being more susceptible to thermal stress than 

small colonies (Loya et al 2001, Mumby et al 2001, Nakamura and van 

Woesik 2001,  Bena and van Woesik 2004) 

 

It is presented by in many studies that high sedimentation rates lead to 
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abrasion, smothering, shading and inhibiting the settlement of coral larvae 

(Hubbard 1997) sediment accumulation is suggested to physically smother 

the coral polyps and/or damage the soft tissues of scleractinian corals through 

abrasion or impact by the sediment particles, especially of sandy grains 

(Rogers, 1990) leaving the surface of the coral susceptible to pathogens and 

boring organisms. Research published by Schlager (1981), Hallock and 

Schlager (1986) and Rogers (1983, 1990) state that corals are sensitive to the 

input of nutrients and sediment and these stressors have a deleterious effect 

on survivorship of scleractinian coral. Studies also connect coral-dominated 

Figure 24; Scleractinian assemblages relative to sediment input, left of the diagram 

subjected to no or episodic sediment input with frame reefs to cluster reefs with cement-

filled pores (cross-hatched). Right half of diagram shows the impact of chronic 

sediment/terrigenous input with segmented reefs to level-bottom assemblages forming 

(Sanders and Baron-Szabo 2005) 
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reefs systems exposed to an increase in sedimentation rates (fig 3) to 

changes in growth (Dodge et al 1974, Dodge and  Vaisnys 1977), skeleton 

morphology (Foster 1980) , coral recruitment (Gilmour 1999), and community 

structure (Loya 1976, Cortes and Risk 1985, Tomascik and Sanders1987) 

 

Within the literature review by Rogers (1990), the suggested maximum 

sedimentation rate needed to be observed for the healthy growth and survival 

of a coral reef community was at 10 mg cm-2 day-1. In this highly referenced 

paper Rodgers also states that elevated levels of perpetual stress cannot be 

tolerated and will eventually result in whole colony mortality, which leads to an 

enhanced possibility of later burial of the reef, even with relatively low 

sediment accumulation rates, because reef growth has been reduced to zero.  

In a similar study by Brown 1997 it is suggested that values above 50 mg cm-2 

day-1 would lead to catastrophic deleterious results to the coral reef system.   

 

However, the majority of recent literature describing the impact of stressors to 

reef systems are from environments affected directly or indirectly by 

anthropogenic disturbance (Fishelson 1973, Dodge and Vaisnys 1977, Dryer 

and Logan 1978, Done 1992, Bellwood et al1996, Bell and Elmetri 1995, 

Hughes et al.2003, Hughes et al 2007, Veron et al 2009, Harris et al 2010, 

Hughes et al 2011, Sanders and Baron-Szabob 2011).  

 

Many studies (Aronson and Precht 2006, Grimsditch and Salm 2006, Hughes 

et al 2007), have shown the capacity of reef systems to recover  ‘remote from 

additional human stresses’ and from episodic events such as storm damage 
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or bleaching (Veron et al  2009). 

 

Anthony (2006) has demonstrated that environmental conditions on inshore, 

high-turbidity reefs do not always exert a negative impact on the physiology of 

corals and may even contribute to increased lipid levels for specific 

scleractinian corals such as Turbinaria mesenterina and Acropora valida that 

displayed a 4-fold and 2-fold respectively, higher lipid content together with a 

low variation in reproductive fitness suggests that coral physiology in a high 

turbid near shore marine environment is more resilient than previously 

thought.  

 

Thus, the assumption that particulate matter suspended in the water column 

(turbidity) has a deleterious effect on scleractinian corals needs further 

examination.  It is frequently stated that sedimentation is a detrimental to the 

fitness of scleractinian corals (Lota 1976, Dodge and Vaisnys, 1977,  Cortes 

and Risk 1985, Vankatwijk et al 1993, Rogers 1990, Brown 1997, Brown et al  

2002), because of the abrasive and smothering properties and the 

consequential reduction in light levels light levels, essential for the 

translocation of energy from symbiont to host and although this is accurate for 

many (once oligotrophic) coral-dominant reef systems it does not take into 

consideration that sceleterian corals are found in a diverse range of habitats 

(Anthony et al. 2004,2006) and that thriving reefs are found in turbid 

conditions (Bull 1882,  Babcock and Smith 2000), lower flow rates (Done 

1982) and higher temperatures (Berkelmans 2002).  
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3. ENVIRONMENTAL SETTING 

3.1 STUDY AREA 

 

Southwest Madagascan coastline borders a unique and indigenous forest 

ecosystem referred to as the spiny forests containing numerous endemic 

species of plant, reptile and bird, many 

yet to be described. High rates of 

endemism are often treated as one of the 

most important criteria in the assessment 

and evaluation of biodiversity ‘hot spots’.  

On comparison with the myriad of 

endemic terrestrial flora and fauna 

associated with island habitats such as 

Madagascar, tropical marine systems 

normally display considerable 

homogeneity primarily due to the lack of 

physical barriers and the abundance of 

small island and reef systems facilitating 

pelagic larva dispersal (McKenna and 

Allen 2003).  

Madagascar is one of the largest islands 

in the world with an extensive coastline 

encompassing some of the most diverse 

  

· 

 

Fiherena

na 

Figure 25; Study area Bay of Ranobe, 

Southwest Madagascar. River systems in 

the north (Manombo) and in the South 

(Fiherenana) are depicted along with the 

‘Grand Recif de Tulear’ south of the 

Ranobe system. 
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and abundant reef systems and extensive brackish water, shallow marine, 

and continental shelf habitats of any Indian Ocean country apart from India 

(Cooke 2002).  Reef systems comprised of 3,450 linear km of coral reefs of 

which 1,130 km is of fringing reef and 557 km of reef systems around islets, 

islands and patch coral reef along with 52km of true barrier reef, 1,711 km of 

submerged coral bank and shoals together with a continental shelf of 117,000 

km2. 

Table 6 Description of the reef system from Androka to Belo-sur-Mer that that forms the ‘Récif 
Complex de Toliara’ 

 

LOCATION: ANDROKA TO BELO-SUR-MER 

 

REEF DESCRIPTION 

Androka  Two fringing reefs, 11 and 7 km long 

Itampolo Fringing reef, 10 km long 

Lanivato to Onilahy Long fringing reef, 100 km long by 500 m to 

3.5 km width  

Nosy Ve, Nosy Vorona, Nosy Manitsa  Sandy cay reefs 

Bay of Ranobe (Onilahy river to the 

Manombo river) (fig 4) 

Barrier reefs with the main coral habitats 

including lagoon reefs and coral banks 

Manombo river to the Baie des 

Assassins 

Fringing reefs 2 to 3.5 km wide extending for 

almost 80 km 

Baie des Assassins to the Mangoky 

Delta 

Fragmented reefs from barrier reefs, sandy 

cays reefs and coral banks to fringing reefs 

(Cooke 2002) 

The 32km barrier reef and patch reef network of the Bay of Ranobe (fig 4) that 

forms part of the ‘Récif Complex de Toliara’ (table 1) stretching from Androka 

to Belo-sur-Mer is the most significant coral reef system in the Western Indian 

Ocean coupled with being the third largest coral reef system in the world, thus 
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having an extremely significant ecological and economic value. With existing 

regional and global threats such as episodic events such as cyclones and 

subsequent bleaching of scleractinian corals together with chronic stressors 

such as over-harvesting of the near-shore marine environment, it is essential 

that the assessment of the current status these marine environments is made 

to enable effective future management systems to conserve this reef system 

in the context of global change and evaluating the potential for conservation 

initiatives. 

 

3.1.1 CLIMATE 

 

Madagascar spans almost 14° of latitude (11°47’ - 25°35’ S) a large area of 

the coast is located in the southern tropics with the study area situated just 

below the tropic of Capricorn. Extreme south displays an ecotone of tropical 

and temperate systems with two monsoon periods; South-eastern monsoon 

April to October producing lower air temperatures strong winds and reducing 

water temperature that induces low productivity and the northeast monsoon 

November to March that produces high air temperature and  weak winds 

 

3.1.2 CURRENTOLOGY AND TEMPERATURE 

 

The reef complex of Toliara, (23° S, 43° E) lies off the southwest coast of 

Madagascar in the path of the southward flow through the Mozambique 

Channel. This flow is part of the warm surface flow of the global ocean 

circulation (DiMarco et al 2002, de Ruijter et al 2002, 2004, Schouten et al 
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2002, 2003). South-easterly trade winds dominate this system all year with 

evaporation exceeding precipitation in the annual mean. Precipitation only 

reaches significant amounts during December–March, and is associated with 

the SE–NW orientated cloud bands stretching from the Western Indian Ocean 

towards South Africa (Todd and Washington 1999). Sea Surface Temperature 

varies seasonally by 6 °C (Reynolds and Smith 1994) with mean sea surface 

temperatures range from 22 °C in the south to 28 °C in the north, with local 

seasonal extremes from 19 °C to 33 °C. Based on 336 yr temperature record 

using coral core data taken from the Bay of Ranobe when the Southern 

Oscillation Index (SOI)  is weak and there is a strong correlation with the 

Pacific El Nino South (ENSO) (Zinke et al 2004), ENSO is also known to 

influence the EP balance over the Southwestern Indian Ocean and southern 

Africa (Tyson 1986, Reason and  Mulenga 1999, Reason and Rouault 2002, 

Richard et al 2000). West coast of Madagascar has some of the largest tidal 

ranges of the Western Indian Ocean region due to the narrowing of the 

Mozambique Channel, mean spring tide of 3.8 in the north and 2.6 in the 

south (McClanahan 2009) The continental shelf is very narrow on the 

Southwest coast the 100 meter depth contour lies 5 to 8 km from shore and 

the Onilahy river system, north of Toliara has a sub-marine canyon drops to 

1500m (Battistini et al 1975).  

 

3.2 RIVER SYSTEMS 

 

Fluvial influences are limited because of the small amount of rainfall this 

region and its catchment area, receiving around 300 – 800 millimetres of rain 
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per year (Weydert 1973) as the 

southwest coast is not directly 

influenced by the monsoon of this 

region (Battistini et al 1975). The 

Bay of Ranobe has two fresh 

water systems on the peripheral 

boundary of the lagoon system 

(fig 4). In the North (Manombo) 

and South (Fiherenana) (fig 5) 

both fresh water systems have the potential to influence this study area 

through the deposition of terrigenous sediment and/or influx of freshwater 

onto the reef system. Watershed area for the Fiherenana is 6,750 km2, (no 

information for watershed area of the North but advised around 7,500 km2,). 

 

3.3 MANGROVE SYSTEMS  

 

Madagascar has with over 425,000ha of tidal marsh with an estimated 

327,000 ha inhabited by extensive mangrove systems with 98% dispersed 

along the west coast and 95% ranging between (21 ̊South and 25  ̊ South) 

(Cooke 1999). Mangrove systems in Madagascar are described as similar as 

those of East Africa, diversity is limited to nine species in six families, 

Rhizophoracae (Rhizophoracae mucronata, Bruguiera, Ceriops tagal), 

Avicenniaceae (Avicennia marina), Sonneratiaceae (Sonneratia alba), 

Combretaceae (Lumnitzera racemosa) and Meliaceae (Xylocarpus granatum) 

(Jenkins 1987).  

Figure 26; Dry river bed of the Fiherenana, 

infrequent rainfall allows growth small shrubs and 

bushes (visible) during peak flow the whole basin is 

flooded (per.obs) 
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The bay of Ranobe is delimited by mangrove stands; however, the mangrove 

system in the South of the bay is under intense anthropogenic stress, mass 

deforestation is evident (fig 6), although recent mitigation management 

strategies from local environmental NGO’s have given rise to small grassroots 

organisations taking part in mangrove nursery and re-planting projects.  

 

In the North of the lagoon, even with a higher population inhabiting the 

coastline the mangrove system is in a relatively healthy state mainly because 

of a local ‘fady’ or taboo surrounding the actual cutting of mangrove wood. 

Although, with the dilution of indigenous knowledge the adherence of local 

indigenous populations to the ‘fady’ is deteriorating. 

 

 

 

 

 

3.4 SEAGRASS BEDS 

Figure 27; Mangrove system in the south of the Bay of Ranobe, deforestation of these systems for fuel 

wood , animal feed and/or building materials has serious implication of the adjoining marine systems 
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Seagrasses are specialized grass-like herbaceous angiosperms and are a 

feature of sand flats, intertidal mud, coastal lagoons and sandy areas, closely 

linked to the diversity and productivity of coral reef and mangrove systems of 

the near-shore marine environment. Seagrass beds of the bay of Ranobe 

consist of a multispecies community; nine species are represented 

Thalassodendron ciliatum, Thalassia hemprichii, Cymodocea rotundata, 

Cymodocea serrulata, Syringodium isoetifolium, Halodule uninervis, Halodule 

wrightii, Halophila ovalis, Halophila stipulacea enriching the flora and fauna of 

the intertidal community. Limits and stressors to seagrass communities that 

inhabit the intertidal zones of the lagoon system such as osmotic influence 

from hypersalinity due to evaporation in a tropical environment and radiation 

impacts result from high irradiance and UV exposure at low tide. 

 

 

 

 

 

 

 

 

 

 

 

4. MATERIALS AND METHODOLOGIES 
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4.1 SURFACE SEDIMENT SAMPLES 

 

Grain size is the most fundamental property of sediment particles, effecting 

their entrapment, transport and 

deposition thus providing important 

information to the origin and transport 

history and conditions of sediment 

deposition (Folk and Ward 1957, 

Friedman 1997, Bui et al 1990, Blott 

and Pye 2001) to acquire high quality 

spatial data from the study area one-

hundred and fifteen surface sediment 

samples were collected over an 

approximately 1 by 1 km grid system 

(fig 6) overlaying the lagoon system. 

Implementation of the grid system was 

accomplished using Google earth 

software along with Garmen etrex 

global positioning system (GPS) 

interface (longitude, latitude WGS 84). 

Textural analysis of samples of grain 

size parameters was obtained by 

using the method of dry sieving 

samples into gravel sand and mud 

fractions during the period of June to 

Figure 28; Satellite image of the Bay of 

Ranobe study area from Google earth© 

depicting overlying grid system used to 

determine sample stations throughout 
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September 2009.  Sediment sieve size is interpreted as the diameter of the 

largest sphere that would pass through the retaining sieve (Roux and Rojas 

2007) of which six sieves of different diameter were used in this study ( 2mm, 

1mm, 500µm, 250 µm, 125 µm, 63 µm ).  

 

 

Grain size distribution expressed in units phi (φ) was then plotted using an 

Table 7 Size scale adopted in the GRADISTAT program, compared with previously used 

size scales used by Udden (1994), Wentworth (1922) and Friedman and Sanders (1978) 
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arithmetic scale to determine size class, on the ordinate to determine 

cumulative weight frequency to bring it to 100% with grain size parameters 

calculate through graphical and ‘method of moments’ (Krumbein and 

Pettijohn, 1938, Friedman and Johnson, 1982) . Moments is used to calculate 

statistics on a arithmetical scale; based on normal distribution with metric size 

values; geometrically, based on a log-normal distribution and logarithmically 

based on a log-normal distribution with phi values (Krumbein and Pettijohn, 

1938) Grain size distribution is described by four principle groups described 

by Blott and Pye (2001) (a) the average size, (b) the spread (sorting) of the 

sizes around the average, (c) the symmetry or preferential spread (skewness) 

to one side of the average, and (d) the degree of concentration of the grains 

relative to the average (kurtosis).  

 

Statistical parameters (mean grain size, sorting, skewness, kurtosis) were 

calculated using the graphical method of Folk (1968) with the Gradistat Earth 

Surface Processes and Landforms software (versions 9.0) developed by the 

Royal Holloway University of London (Blott and Pye 2001). Terminology used 

in this program in regards to descriptive statistical parameters uses a modified 

Udden-Wentworth grade scale with gravel redefined as a fraction containing 

five subclasses on a scale from very fine (2mm) to very coarse (64mm). 

Sorting, skewness and kurtosis uses the Folk and Ward (1957) methodology 

but are renamed to prevent confusion ranging from positive skewness termed 

‘fine skewed’ (containing excess fines), and negative skewness termed 

‘coarse skewed’ (table 1).  

4.2 CARBONATE ANALYSIS 
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Relative contribution of noncarbonated (silicates, organic matter, antigenic 

minerals) and carbonate (skeletal) material were determined by acid digestion 

of bulk samples with sediment samples classified as mixed when the y 

contained more than 10% of terrigenous material (Mount 1985).  

 

4.3 HIERARCHICAL CLUSTER ANALYSIS  

 

As there is no prior knowledge of the distribution of the data set the use of 

cluster analysis and specifically the clustering of information from survey 

stations in this study can be a subjective and exploratory procedure. Cluster 

analysis, the generic name for a multivariate procedure of clumping similar 

objects into categories to enable the identification of the structure of the 

dataset (Wilkinson et al 1996) and outliers (Holden and LeDrew 1998). 

However, no satisfactory method has been developed for deciding the 

optimum number of clusters in a dataset (Jambu and Lebeaux 1983, 

Wilkinson et al 1996) thus the number of clusters is a subjective decision 

based on the knowledge of the dataset characteristics with Wilkinson et al 

1996 stating that the main indicators of randomness in clustering is the length 

of branches, where the longest branches indicate random clustering. Cluster 

analysis is therefore used to determine which objects are similar and 

dissimilar and categorise them accordingly (Holden and LeDrew 1998). In this 

study stations were than subjected to correlation based on hierarchical cluster 

analysis (in R) producing families of clusters which themselves contain other 

clusters in order to determine if there is a distinction between carbonate, 
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terrigenous deposits and grain size analysis at each of the sample stations. 

 

4.4 GEOGRAPHIC INFORMATION SYSTEM (GIS) 

 

Geographic Information System (GIS) spatial analysis software ArcView GIS 

3.2 and ArcGIS 9.0 were used in order to better understand the relationship 

between sediment, geomorphology and biological communities in the Bay of 

Ranobe. These geoststistical interpolation techniques are based on statistical 

analysis for advanced prediction surface modelling. In this study models of 

sediment composition and bathymetry were obtained for the Bay of Ranobe 

using hierarchical cluster dendrograms and Ordanry Kriging. Kriging is a 

powerful statistical interpolation method used in many fields of science such 

as geology and assumes that the distance or direction between sample points 

reflects a spatial correlation that can be used to explain variations in the 

surface with contours or isolines used to define common characteristics. This 

study utilises ordinary Kriging, which assumes that there is no constant mean 

or trend for the data over an area (Oliver 1990) with a defined radius 

incorporating 4 points together with physical and biological variables to derive 

the spatial boundaries for mapping bathometry and to the biotope and 

sediment facies level of benthic habitats. Bathometry evaluation used data 

extrapolated from each survey station (table 4) and corrected using tidal 

information from Tide Master.com which was then plotted using ordinary 

Kriging. 

 

4.5 BIOTOPE ASSESSMENT 
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Benthic community composition was 

assessed by the analysis of data 

from systematic ground surveys 

(Keith et al 2009), the objective 

being to critically evaluate the 

biotope assemblage of the reef-

lagoon ecosystem (Lam et al 2006, 

Baker et al 2008) through the use 

of photographic quadrats at each of 

the one-hundred and fifteen 

stations during the period of June 

to September 2009. Photographic 

quadrats were assessed in the 

laboratory using Coral Point Count 

with excel extensions (CPCe), a 

Windows-based software program 

that provides a tool for the 

determination of biotope. Digital 

photographs were imported and 

cropped using Microsoft Office 

picture manager before analysis, 

this provided twelve photographic 

quadrats 1m2 (a total 1,380 

photographic quadrats) ready for 

evaluation. Edited photographs were then imported into CPCe for analysis 

Table 8 Biotope categories used in conjunction 

with CPCe to classify benthos habitat at each 

survey station 
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using random point count option. Through this program ninety-nine spatially 

random points (maximum level) were distributed on a transect image and the 

features underlying the points were user identified through biotope 

categorisation achieved through the adaptation of the CPCe visual basics 

programmed, specifically modified on site for the Bay of Ranobe, Southwest 

Madagascar (table 3).   

 

In total this provided 1,188 data points per station and 136,620 data points 

overall for the entire lagoon system. Biotope categories were then divided into 

coverage statistics, calculated and the results sent to excel spreadsheets 

automatically (Kohler and Gill 2006, Dumas et al 2009) reference habitat 

profiles were than evaluated and calculated for each survey station from this 

limited set of points. Stations were than subjected to correlation based on 

hierarchical cluster analysis (in R) in order to assess relationships in 

community structure throughout the lagoon system and stations were then 

pooled into habitat biotopes. 
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4.6 PATCH CORAL REEF SYSTEMS 

 

Additional field observations were made to identify scleractinian coral reef 

assemblages on patch reef systems in the north and south of the lagoon 

system to evaluate overall biological richness as well as ecosystem health. 

Assessment of scleractinian corals were quantified using the adapted rapid 

assessment method described in McClanahan et al (2001, 2004), in which 

observers move in a haphazardly chosen direction and distance and 

periodically or haphazardly select an area to survey during the summer and 

winter period spanning 2009.  

 

All scleractinian coral within a two meter radius were identified to genus level 

with thirty replicates performed at each of the four patch coral reef stations. 

Estimation of absolute coral cover was also recorded for each of the 

haphazardly positioned circular assessment areas (CAA). The survey was 

replicated over the winter and summer periods to account for thermal stress 

that may inhibit scleractinian coral health and a mean number of individuals 

per genus was determined for each site 
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5. RESULTS 

 

5.1 BATHYMETRY 

Bathometry results extrapolated from survey stations data (table 4) highlight 

the differences in depth between the north and south of the lagoon system, 

with the average depth < 3 meters in the north (fig 8).  

 

5.2 TEXTURAL ANALYSIS 

 

Textural analysis of the one-hundred and fifteen surface sediment samples of 

the of the Bay of Ranobe Lagoon system are characterised by mixed 

carbonate-siliclastic deposits (table 3) Ordinary Kriging maps illustrate the 

areas of high gravel deposition (fig 10) with percentile range of 90-100 

overlapping with the deepest areas of the lagoon system (fig 8) and areas of 

high sand and mud deposition (fig 11, 12) Carbonate content ranged from 

60.63 to 99.73 by (wt %) (table 4) with a mean of 90.09 (wt%) (standard 

deviation ± 12.73 wt%). Of the one-hundred and fifteen samples twenty-six 

were classified as mixed (fig 8) the majority of which are concentrated in the 

near shore, northern section of the lagoon system, carbonate samples of (<70 

wt%) were found at survey stations (60, 68, 96, 108, 115 see fig 9, 11).  

 

 

 

 

 

  

 

 

 Facies 1 

 

  Facies 2 
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Figure 29; Bathometry extrapolated from data taken from each survey station, corrected 

using tidal information and plotted using ordinary Kriging to assess the depth of the 

lagoon system, Bay of Ranobe  

 



 
 
 

Page | 37 
 

Figure 30 Carbonate percentiles illustrating the large deposits of terrigenous material in the 
north of the lagoon system with a concentration near the coastline across from the natural 
channel  
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Figure 10; Gravel percentiles transformed and grouped using ordinary Kriging to 

evaluate and improve the understanding of the relationship between sediment sample 

stations  and illustrating the high deposition of gravel in the deeper areas of the lagoon 

system 
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Figure 11; Sand percentiles transformed and grouped using ordinary Kriging illustrating 

the high deposition of sand on the reef back and near consolidated limestone areas (fig 

16)  
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  < 70% wt 

 

  < 80% wt 

 

  < 90% wt 

Figure12; Mud percentiles transformed and grouped using ordinary Kriging  

illustrating the high mud percentiles close to the coastline and within areas 

defined as seagrass meadows (fig 17, 19) 
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Analysis of the textural group and mean 

grain size highlighted forty-six samples (40 

%) of samples had a gravel content of 

more than 10 wt% (table 4) described as 

textural group ‘gravely sand’. Overall 

dominant modal and mean grain size was 

depicted as slightly gravely sand (44.3% 

of samples) with a sand content of over 90 

wt%. Slightly gravely muddy sand and 

gravely muddy sand corresponds to 6.1 % 

and 9.6% of samples respectively. As a 

result, the majority of samples are 

therefore classified as having high gravel 

sand content. Paired t-test indicates a 

significant positive association of mean 

grain size, sorting coefficient and 

skewness correlated with carbonate 

content (t = 99.9243, df = 114, p-value =< 

0.05, t = 103.5296, df = 114, p-value =< 

0.05, t = 104.6705, df = 114, p-value = < 

0.05 respectively) thus, carbonate, mean 

grain size, sorting coefficient and 

skewness are suggested to be associated with sediment composition. To 

facilitate in the interpretation of the sedimentation data (grain size fractions 

and carbonate content) a hierarchical cluster analysis was performed.  

 

  

 

 

 Facies 1 

 

  Facies 2 

 

 

Figure 31 Sediment facies map of the 

Bay of Ranobe assembled using ERSI 

Arcview GIS 3.2 depicting facies 1 and 

2 groupings taken from the hierarchical 

cluster analysis 
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Figure 32 Hierarchal cluster dendogram of sediment samples based on grain 

size (several grain size classes) and carbonate content. Two sediment facies 

are identified (table 4) 
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Results are summarised in (table 4, fig13, 14) distance used for the tree 

diagram is a normalised Euclidean distance (root mean square discrepancy 

between objects and across attributes) and moving left to right signifies an 

increasing degree of difference, the 

Euclidean distance used to  

determine specific clusters on this 

hierarchical cluster analysis is 

represented at 100 to 200 in height 

denoting two distinct clusters 

present termed Facies one and two. 

Facies 1 (muddy sandy gravel 

mixed carbonate-siliclastic 

sediments) dominated by slightly 

gravelly, gravelly sand with a 

carbonate range of 60.6 - 88.8 wt% 

and a mean of 72.2 wt% carbonate 

content demonstrating a higher ratio 

of mixed carbonate siliclastic 

content than facies 2 (table 4).  

Facies 1 sediments are poorly 

sorted (93.75 wt%) indicating a 

weak and/or sporadic hydraulic 

sorting on sediment texture. Fine-

grain sediments were present in a 

lesser extent (31.25 wt%) , which 

Figure 33 Satellite image overlaid with stations 

in textual grouping with a gravel content of over 

10 %wt 
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maybe either siliclastic or carbonate mud because of trapping and/or low 

energy environment suggested by the dominant very coarse, coarse skewed 

sediment distribution. 

 

Facies 2 ( medium sand, fine sandy carbonate dominant sediments) the larger 

of the two groups with carbonate range of 67.9 - 99.72 wt% and a mean of 

94.9 wt% significantly higher than that of facies 1 and this may be sorted. 

Sediments are dominated by symmetrical to fine skewed distribution (table 4, 

fig 13) suggesting selective transport and sorting before deposition. 

Sediments with coarse skewed textual grouping with a gravel content of over 

10 %wt in this facies grouping were found in areas where deeper waters meet 

consolidated limestone such as back reef and patch reef (fig 15).  

 

5.3 CLASSIFICATION OF HABITAT BIOTOPE 

 

Euclidean distance used to determine specific clusters on this hierarchical 

cluster analysis is represented at 250 to 500 in height denoting seven distinct 

habitat biotopes with ccontrasting differences in substrate cover and 

sediments were observed over the seven habitats (fig 20). Habitat 1: (fig 16) 

patch coral reef, dominated by scleractinian and rubble (50.2% 11.6% 

respectively) genera Acroporadae (acropora/montipora) was dominant 

throughout this grouping, although over 41 genera were identified (table 

4).this is the only grouping with a significant hard coral substrate with all other 

stations within this research underrepresented in this habitat community. 

Habitat biotope 2:  (fig 16) this grouping dominated the shallow back reef 
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areas of the barrier reef system dominated by rubble beds covered with 

macro algae, large boulders and consolidated limestone classified as 

pavement (27.33%, 20.31%, 15.46% respectively). Habitat Biotope 3: (fig 17) 

displayed a 29% seagrass cover dominated by sandy sediments (63 %), this 

groupings had the highest diversity of seagrass with Thalassodendron 

ciliatum, Thalassia hemprichii, Cymodasia rotundata, Cymodasia serrulata,  

Syringodium isoetifolium, Halodule univervis, Halodule wrightii, Holophila 

ovalis, Halophila stipulacea all observed. Habitat 4: (fig 18) these grouping 

were situated in the deeper areas of the lagoon and characterized by soft silty 

substrate (96.36%) with dense cyano-bacterial mats located on the surface of 

sediments at a number of research stations. Habitat Biotope 5; (fig 18) this 

grouping exhibited extremely sparse and patchy seagrass cover (11.74%) and 

low biodiversity of seagrass Thalassodendron ciliatum  Thalassia hemprichii 

Halophila stipulacea  substrate sediments predominantly silt (72.59%).  

Habitat biotope 6: (fig 19) with38.86% seagrass cover of Thalassia hemprichii, 

Syringodium isoetifolium, Holophila ovalis, substrate sediments silt (58.86%) 

this grouping is adjacent to habitat seven and suggests a relationship 

between these two habitat groupings. Habitat biotope 7: (fig 19)  this grouping 

concentrated in the north of the lagoon system displays the highest percent 

cover of seagrass throughout all sample stations at 50.05%  with diversity 

lower than that of habitat grouping three with Thalassodendron ciliatum,  

Thalassia hemprichii, Cymodasia rotundata, Cymodasia serrulata and 

Syringodium isoetifolium observed. Sediment composition for this habitat had 

a greater percentage of sand than habitat five and six with a sand/silt 

composition of 23.6, 11.2 respectively.
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Table 9 Sample station data and results of textural analysis of the Bay of Ranobe surface sediment samples 
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  Habitat Biotope 1 

Habitat Biotope 2 

Habitat Biotope 3 

 

 

 

Figure 16; Habitat biotope map using ERSI Arcview 

GIS 3.2 to illustrate the distribution of habitat 

grouping one patch coral reef dominated by 

scleractinian corals and two back reef and 

consolidated limestone areas dominated by rubble 

and macro-algae 

Figure 17; Habitat biotope map using ERSI 

Arcview GIS 3.2 to illustrate the distribution of 

habitat grouping three displaying a high diversity 

of seagrass on a sandy substrate 
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Habitat Biotope 6 

Habitat Biotope 7 

Habitat Biotope 4 

Habitat Biotope 5 

Biotope habitat 1 

Biotope habitat 2 

Biotope habitat 3 

Biotope habitat 4 

Biotope habitat 5 

Biotope habitat 6 

Biotope habitat 7 

Figure 34; Habitat biotope map using ERSI 

Arcview GIS 3.2 to illustrate the distribution of 

habitat grouping four and five composed 

unconsolidated carbonate dominated sand with 

cyano-bacterial mats present 

Figure 35; Habitat biotope map using ERSI Arcview 

GIS 3.2 to illustrate the distribution of habitat 

grouping six and seven dominated by sesgrass 

meadows sand/silt sediment composition 
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Figure  

Biotope habitat 1 

Biotope habitat 2 

Biotope habitat 3 

Biotope habitat 4 

Biotope habitat 5 

Biotope habitat 6 

Biotope habitat 7 

Figure 36; Hierarchal cluster dendogram of benthos communities based on CPCe. Seven 

habitat biotopes are identified 
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Table 10 colony counts from scleractinian coral survey at the four patch coral reef stations in 

the Bay of Ranobe  
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6. Discussion 

6.1 HYDRODYNAMICS AND SEDIMENTOLOGY OF THE BAY OF RANOBE 

 

Hydrodynamic and sedimentological conditions play a large role in the 

productivity and biodiversity of shallow coastal environments, displacing and 

depositing sediments (Wild et al 2011). Sediments in tropical marine systems 

are either land-derived through riverine deposits of weathered clastic 

materials and soil erosion or formed by the erosion of coral reef material 

and/or deposition of carbonate skeletal remains of marine organisms. Surface 

sediments of the Bay of Ranobe lagoon system, are of two types: marine 

biogenic carbonates supplied by interreefal benthic organisms and siliciclastic 

(terrigenous material) deposited on the reef system through weathering, fluvial 

processes and coastal transportation. The two resulting facies are siliciclastic-

carbonate sediments, but significantly differ in the degrees of mixing (fig 13). 

 

 Of the four types of mixing described by Mount (1984); source; mixed before 

deposited, punctuated and facies; located at a boundary layer between 

deposits and in-situ; where carbonate deposits are found at the same location 

and time as siliciclastic sediments, in-situ mixing, best describes the sediment 

dynamics of this study area.  The well formed barrier of the lagoon system of 

the Bay of Ranobe provides protection from wave erosion, natural breaks in 

the barrier are limited to two major reef channels situated south and central. 

Tidal ranges of this region are subject to large fluctuations with tidal 

movement in the lagoon recorded at over three meters during spring tide, the 

affect of the exchange of interior and exterior waters being pushed and pulled 
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through the natural channels in this lagoon system have resulted in a high 

velocity tidal regime. This is also supported by the overall dominance by 

coarse grain particles in facies 1, indicative of high wave energy and/or 

current velocity (Fonseca 1996) and is suggested to be the source of 

deposited gravel at sample stations within facies 2  where deeper tidal waters 

in the lagoon collide with shallow near shore and back reef platforms (fig 15). 

This may also increase the generation of detrital sediment on reef platforms, 

sediment which is subsequently: reincorporated into reef framework (Hubbard 

et al 1990); stored on reef surfaces; transported off-reef (Hughes 1999) or 

transferred to infill lagoons (Macintyre et al 1987, Kench 1998, Purdy and 

Gischler 2005).  

 

Satellite images of the Bay of Ranobe implies shoaling in the northern area of 

the lagoon system; results from this study show an accumulation of 

terrigenous material in the north extremity of the lagoon in comparison with 

the south and depositional conditions for coral marls were met in lagoon/bay 

areas with siliciclastic input (Frost 1981, Bosellini and Trevisani 1992, Simo 

1993, Bosellini and Stemann 1996, Sanders and Pons, 1999).  This may be 

due to a combination of issues; (1) placement of the natural reef channels that 

provide high water movement in the south of the lagoon, yet in the north 

where there are no natural channels and depth has been reduced through 

shoaling, water velocity is diminished and finer sediments and mud are able to 

settle in the weaker currents. (2) Mangrove systems and the indigenous 

natural forests in the north under anthropogenic pressure through coastal 

community utilisation of natural resource for building material, charcoal 
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production and agriculture causing topsoil erosion and an influx of fine 

terrigenous sediments into the lagoon system.  

 

6.2 ANTHROPOGENIC IMPACTS ON TERRESTRIAL ECOSYSTEMS  

 

Deforestation of the adjacent terrestrial ecosystem is providing a source of 

terrigenous material that is being deposited on the adjacent marine system. It 

is suggested that over 90 per cent of households dependant on fuel wood and 

charcoal in Madagascar (Taylor et al 2003), research by Sussman (1994) 

assessing deforestation in Madagascar by using satellite imagery and 

ethnographic methods suggests that over 100,000 ha of limestone forest 

bordering the Toliara province in which the Bay of Ranobe is included have 

been cleared since 1972 primarily for charcoal production. This is a huge 

dependency on fuel wood and charcoal in comparison with other Western 

Indian Ocean islands such as the Seychelles where only 8 per cent of people 

utilise fuel wood , even as a supplementary source of energy (Taylor et al 

2003). 

An in-depth analysis of the forest of Madagascar from 1953 to 2000 by 

Harpers (2007) indicate mass deforestation, degradation and changes in land 

use that have taken place since the beginning of the study period (fig 21). 

Harper stated that observed deforestation rates of the spiny forest of 

Southwest Madagascar were calculated at 6097 km2 during the period of 

1970 to 1990 and 2817 km2 during the period of 1990-2000, averaging at a 

loss of 1.2% of forest per yr-1 (fig 21) research gauging mangrove 

deforestation is limited, with only partial information available for the period of 
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1990-2000 stating that observed deforestation rates show a 55km2 loss of 

mangrove systems throughout Madagascar (fig 21).  

 

Figure 37; Depicting forest cover in Madagascar from the 1950s to c. 2000; changes in forest 

cover from the 1970s to c. 2000 are shown in the main figure, and forest cover in the 1950s is 

shown in the lower-right inset (Harper et al 2007), black box delineates study area, Bay of 

Ranobe. 
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6.3 RIVER SYSTEMS 

 

River systems that may have an influence on the lagoon system due to 

proximity and catchment areas are the Manombo in the north and Fiherenana 

in the South, these fresh water systems are semi dry with flooding occurring 

throughout the wet season (December, January, and February). During 

episodic events such as cyclones that generate high rainfall, visual 

observations indicate significant discoloration of these fresh water systems 

during these increased peak flow 

periods suggesting considerable 

movement of sediment beds.  

It is evident from Harper’s 

research that major expanses of 

the indigenous spiny forest that 

delimit the southern banks of the 

Fiherenana river bordering the 

south of the lagoon system has 

suffered extensive deforestation 

(fig 22) consequential flushing 

and deposition of terrigenous 

material on the adjacent reef 

system is suggested by Vasseur 

(1997) who stated that the 

Fiherenana river, responsible for 

the transport of freshwater runoff 

Figure 38; Forest cover of the study area Bay of 

Ranobe c. 1953 – c.2000; areas shaded orange 

depicting deforestation that has occurred 1973-1990, 

areas shaded red depicting deforestation rates1990-

2000 (Harper et al 2007) 
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and materials from a 6,750 km2 catchment area was accountable for the 

deposition of terrigenous material on the Toliara reef system.  

 

Although Randriamanantsoa (1997) implies that the deposition of terrigenous 

sediments into the Toliara lagoon system is just 1-1.5% of surface sediments.  

Surface sediment analysis at stations in the southern section of the lagoon 

system demonstrate an overwhelming carbonate dominant profile (>90%wt) 

(fig 9) with siliclastics deposits exhibited in very low levels. This suggests that 

although the fresh water system in the south of study area is showing visible 

signs of anthropogenic disturbance through deforestation and degradation of 

the adjoining terrestrial ecosystem the consequential effect on the Bay of 

Ranobe lagoon system is insignificant with terrigenous sedimentation derived 

from land clearance possibly being deposited on the Toliara reef system, 

south of the study area.  

 

In the north of the lagoon system, sampling station 164 (fig7, table 4) within 

close proximity to the Manombo river system has a terrigenous deposit 

composition of over 40% wt, the highest deposit of terrigenous material in 

regards to all sample stations suggesting that fluvial sediments are 

transported from the river and deposited into the lagoon system. Deposits of 

terrigenous material were also located in the northern section, midpoint 

adjacent to the coast (fig 9) suggesting that these areas are undergoing 

increasing terrigenous sediment influence as a consequence of coastal land-

based anthropogenic activities (Souter et al 2002).  

Changes in land use practice are based on historical evidence from Harpers 
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1953-2000 deforestation 

map of the spiny forest 

surrounding the Bay of 

Ranobe showing 

significant clearance of the 

spiny forest in the northern 

region of the Bay of 

Ranobe during 1990 to 

2000 period (fig23).  

 

This may be because the 

north cost of the lagoon 

system is more densely 

populated than the south 

and coastal villages have a 

larger population of 

Masikoro farmers; inland 

people (Stiles 1998) who 

utilise the surrounding 

forest (Tucker et al 2010) these migrant populations have steadily moved 

towards the coast for food security (Scouter et al  2002, Grimsditch 2009, 

Tucker et al 2010) as resources become limited inland through environment 

and climate change issues such as drought and changes in weather patterns. 

In this way the two major river systems that delimit the Bay of Ranobe lagoon 

system are suggested to have different levels of influence on the Bay of Ranobe 

Figure 39; accentuated map of forest cover of the area 

surrounding the study site Bay of Ranobe together with the 

satellite image of the lagoon system, areas shaded red 

depicting deforestation rates1990-2000 
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lagoon system. Further research is needed to clarify if these sediments are 

having any secondary influence on the Bay of Ranobe marine ecosystem. 

 

6.4 CARBONATE SYSTEMS AND ASSOCIATED HABITATS 

 

Sedimentation evaluation indicates that the Bay of Ranobe is a dynamic system 

with continuous carbonate production and a suggested episodic supply of 

terrigenous material from land based sources. However, supply and deposition 

of siliciclastic sediments in this carbonate dominant system along with the 

capacity of this system to adjust is unknown. Carbonates are notoriously 

complex sedimentary systems controlled by complex biological and 

physiochemical processes (Hill et al 2009). Carbonate production is an important 

component of the global carbon cycle (Heart and Kench 2006) results shows a 

significant proportion of samples with a carbonate content of over 90%wt (fig 9) 

suggesting a substantial contribution to carbonate production by reef organisms 

in the surface sediments.  

 

Assessment of the four patch coral reef systems surveyed in the lagoon system 

show an overall dominance of corals (56.4%). Habitat 1; composed of patch 

coral reef systems with no significant difference found in coral cover between 

sites (p=>0.1), 41 genera of scleractinian corals were identified, of the seven 

most abundant genera Fungia Acropora, Pocillopora, Pavona Montipora Porites, 

and Favia the family Acroporidae dominated the Bay of Ranobe reef system.  

Acroporidae specifically Acropora  and Montipora are fast growing opportunistic 

species but are often more susceptible to bleaching (Hoegh-Guldberg and 
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Salvat 1995, Loya et al 2001, Obura 2001, McClanahan et al 2007).  

 

Of the four sites surveyed the two shallow patch reef systems (<10 meters) 

displayed a monospecific dominance by Acroporidae with small colonies of 

encrusting and massive morphological forms.  Coral coverage in the survey area 

is consistent with the rest of Madagascar such as Nosy Hara marine reserve in 

Northern Madagascar (Pegg et al 2009), Masoala national park on the Masoala 

peninsular northeast Madagascar (Roland and Rajaonarison 1999) Reef 

complex of Toliara (Clausade et al 1971, Thomassin 1971, Pichon 1978) and 

other islands of the Mascarene such as Mauritius and Rodrigues (Turner et al 

2005). Research conducted by some of the most experienced scientists in the 

field of coral reef research including Veron, Turak, McKenna and Allen (2003) 

encompassing 30 survey stations on the north-western coast of Madagascar 

covering an area of 220km (linear distance) described sixty-two genera and 

seventeen families.  

 

The twelve most abundant coral genera for this region in which Acropora, 

Montipora, Porites, Favia, Fungia, Favites, Goniopora and Pavona accounted for 

over half the recorded species (McKenna and Allen 2003) and reflect the 

dominant coral species recorded in this study. An in-depth assessment on the 

coral community in the northwest conducted by Veron and Turak (McKenna and 

Allen 2003) compiling a coral species list amalgamated earlier data from Verons 

research in the Toliara region in 2000 (Veron 2000). An astonishing 380 species 

were described providing the first complete coral species list for Madagascar, 

with a high diversity documented for the southwest coast of Madagascar north of 
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the Bay of Ranobe (Clausade et al 1971, Thomassin 1971, Pichon 1978, Veron 

2000, McKenna and Allen 2003). This can be regarded as the highest number of 

species recorded in the Western Indian Ocean and over the predicted total of 

340 species for the entire East Africa and Western Indian Ocean region 

indicated by the species distribution maps in Veron (2000). Veron and Turak 

conclude that Madagascar is a major centre of both endemism and species 

diversity (Veron 2000, McKenna and Allen 2003) thus indicating the wealth of 

diversity of Madagascar coral reef community and the need to protect this 

remarkable resource. 

 

Research from the Southwest coast of Madagascar shows an early study by 

Pichon (1978) who reported 130 species of scleractinian corals for the reef 

complex of Toliara, Pichon goes on to describe the coral community on the outer 

slopes of the Bay of Ranobe as being extremely lush, the outer reef slope 

Figure 40; Photos taken during the study by Pichon (1978) of the back reef in the Bay of Ranobe 

illustrating the vast Acropora colonies and massive and encrusting coral morphologies that one 

inhabited this area and now absent 
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characterised by spur-and-groove.  

The barrier reef and fore-reef being described as being dominated by crustose 

coralline algae (Porolithon onkodes and Lithophyllum sp) with the inner reef flat 

characterised small isolated coral colonies dominated by massive growth forms 

but extremely high diversity. Seaward and middle zone composed of almost 

exclusively homogeneous branching Acropora species (A. pharaonis and A. 

arbuscula) with reef sites south of the village of Ifaty an area of 1km by 200-250m 

uninterrupted 100% coral cover with seagrass meadows observed on the back 

reef flat. Habitat two groups stations along the back reef and is dominated by 

rubble and consolidated lime stone blocks with macro algae coverage, according 

to research by Pichon (1978) this area was once  Acropora-dominated (fig 24) 

with small massive and encrusting coral morphologies present and coralline/ 

calcareous algae. Thus, the Bay of Ranobe has undergone many changes since 

the study by Pichon in 1978 with episodic events and chronic stressors the 

source of reef degradation, particularly the 1998 episodic event that generated 

mass degradation to the coral reef system throughout the Indian Ocean.  

An evaluation of the reef systems of the bay of Ranobe (Ifaty) was conducted as 

part of a large scale assessment of coral reef habitats in the Western Indian 

Ocean by the Coral Reef Degradation in the Indian Ocean (CORDIO) project. 

CORDIO was initiated to assess the impact and recovery of coral reefs from the 

El Nino of 1998 that caused this worldwide, mass coral bleaching event resulting 

in extensive full/partial coral mortality throughout all tropical marine ecosystems 

(fig 25) (Goreau et al 2000, McClanahan et al 2007). Results from survey in 

1998, 1999, 2000, and 2002 display a 30.8%, 40.7%, 41.9%, 42% hard coral 

cover, respectively (Souter et al 2002). Since 2002 no review had been made 
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and this study indicates an increase in coral cover of 14.2% percent since 2002.  

Studies by also state that as the topographical complexity of the reef system is 

decreased through loss of coral cover and the natural breakdown of carbonate 

material current occurs, water velocity will increase as water movement will not 

be debilitated. Thomassin et al (1998), Vasseur et al (2000) research also 

assessed the sedimentological and geomorphological components of the shallow 

reef flats of the Toliara reef complex, on comparison these study illustrate the 

changes to the reef system with the reef flat displaying considerable change with 

a reduction in width and height of the outer bolder tracts coupled with a reduction 

in coral cover within the lagoon system and widespread coral mortality. Increased 

cover of algae growth (up to 90%) with canopy algae sargassum dominant in the 

summer period (December, January, February) and fleshy algae dominant in the 

Figure 41; Degree Heating Weeks (DHW) in the Western Indian Ocean on 

April 30th, 1998 during the episodic bleaching event that affected the region 

McClanahan et al 2007). 
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winter period (June, July, August) seagrass meadows were heavily degraded 

with a loss of diversity and biomass. Large dense seagrass meadows of 

Syringodium isoetifolium, Thalassodendron ciliatum and Thalassia hemprichii 

were replaced by sparse and patchy Halodule univervis and Cymodasia 

rotundata.  

 

6.5 SEAGRASS MEADOWS 

 

Seagrasses are divided into five families Hydrocharitaceae, Cymodoceaceae, 

Posidoniaceae, Zoateraceae and Ruppiaceae with twelve genera, divided into 60 

species of which about half are found in tropical habitats (Short et al 2007) with 

nine of these species identified in the Bay of Ranobe by Short (2007 per. 

Comm.). Seagrass meadows are the dominate feature in the survey station 

habitat biotope groupings. Yet each habitat differs in biodiversity, coverage, 

sediment grain size composition and mixing of terrigenous carbonate-siliclastic 

sediments providing significantly different habitat profiles provided through the 

use of hierarchical cluster dendograms.  In the south and central areas of the 

lagoon system seagrasses are patchy with high seagrass diversity combined with 

medium to fine sandy carbonate dominant sediments and these areas are 

represented by habitat biotope three. Seagrass community in habitat three 

include nine species; T. ciliatum, T. hemprichii, C. rotundata, C.serrulata, S. 

isoetifolium, H. univervis H. wrightii H. stipulate and H.ovalis suggesting a highly 

productive biological community. Marginal seagrass meadow governing the 

northern section of the lagoon system exhibit a lower diversity and sediments are 

dominated by facies 1. Collectively these habitats are of vast ecological and 
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social importance as these complex aggregations of flora and fauna are 

suggested to underpin the productivity of many tropical marine ecosystems. 

(Gullstrom et al 2002). Seagrass beds are also geologically important features, 

seagrass blades operate as effective "baffles," that influence sedimentation rates 

and, together with the rhizomes, trap and bind carbonate sediments (Ginsburg 

and Lowenstam 1958, Scoffin 1970) Sediment grain size is suggested to be an 

indicator of a variety of physical and geochemical characteristics in seagrass 

habitats. Except for saponaceous green algae, seagrasses are the only 

submerged marine macrophytes that are rooted and depend on the sediment for 

their nutrition (Duart and Sand-Jensen 1996) and nutrient availability in coarse 

sediments differ from that of finer sediments (Erftemeijer and Middelburg 1993, 

Idestam-Almquist and Kautsky 1995).  

Habitat biotope seven seagrass community structure including T. ciliatum, T. 

hemprichii, C. rotundata, C. serrulata, S. isoetifolium although diversity is lower 

than habitat two this grouping displays the highest mean percent cover of all 

seagrass habitats surveyed recorded at over 50%, this habitat grouping is 

Figure 42; Seagrass beds in habitat biotope six showing Thalassia hemprichii with a 

covering of fine sediment 
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dominant in the north of the lagoon system however this study suggests that 

these highly productive systems are to be under negatively impacting 

biotic/abiotic factors. Large areas of seagrass beds in habitat six with a species 

assemblage of T.hemprichii, S isoetifolium, H. ovalis, dominated by T. 

hemprichii are situated adjacent to habitat seven have a mean seagrass cover 

of < 40% with habitat six and seven dominated by facies 1 (fig 9) characterised 

by terrigenous sediment deposits and poorly sorted sediments composed of 

muddy sandy gravel with mixed carbonate-siliclastic material indicating a weak 

and/or sporadic hydraulic sorting on sediment texture. Photographic quadrats 

taken of these seagrass meadows from sample stations in Habitat six and 

seven (fig26) show the blades of the seagrass T. hemprichii with a substantial 

layer of fine sediment.  

 

6.6 SEAGRASS AND SEDIMENT  

 

Tropical systems concentrations of dissolved nutrients are typically low while 

porewater concentrations in the sediments are substantially higher (Eritemeijer 

and Middelburg 1993). Studies assessing the effects of seagrass survival on 

terrigenous and carbonate sediments illustrate the differences in nutrient cycling 

between nitrogen limited terrigenous sediments and phosphorous limited 

carbonate sediments as phosphate ions bind differently to the carbonate matrix 

(Short 1987). Carpone et al (1992) reported significantly lower porewater NH4 

concentrations in coarse-grained sediments on comparison to fine-grained and 

muddy carbonate sediments and Eritemeijer and Middelburg (1993) find no 

evidence of p-limitation for seagrasses growing on coarse grain carbonate 
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sediments with the capacity of carbonate sediments to adsorb phosphates 

directly related to grain size composition suggesting that seagrass meadows 

should proliferate in areas where sediment profiles exhibit carbonate-dominant 

systems that have a coarse skewed textual grouping such as back reef areas, 

consolidated limestone and patch reef in habitat one, corresponding with the 

earlier study undertaken Pichon (1978).  

 

As grain size distribution becomes skewed towards silt and clay, the pourwater 

exchange with the overlying water column decreases (Huettel and Gust 1992, 

Huettel and Rusch 2000) which may result in increased nutrient concentrations 

(Kenworthy et al 1982) as well as phytotoxins such as sulfide in the marine 

sediments (Holmer and Nielson 1997). Seagrasses are able to switch to a 

fermentation pathway for short periods of time when transportation of oxygen 

from shoot to root is not enough to meet the demand for aerobic respiration 

(Smith et al 1988). thus, survive is ensured for a limited time until hypoxic stress 

is relieved however sustained hypoxic stress results in death (Perez et al 2007).  

 

Covering of blades by fine sediments may interfere with photosynthesis as it 

has been estimated that seagrasses need more than 10% surface irradiance for 

photosynthesis (Bjork et al 2008) compared with algae 1% of surface light. 

With seasonal fluctuations and patch dynamic studies indicating that seagrass 

meadows are not static even under “stable” environmental conditions monthly 

fluctuations can be linked to wet and dry season cycles (Lanyon and Marsh 

1995) tidal exposure and/or water motion (Erftemeijer and Herman 1994). In 

addition, settlement of carbonate-siliclastic material increasing the shoaling 
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effect of this area may also increase light attenuation and exposure at low tide 

which of the seagrass meadows which in turn will also damage the 

photosynthetic process of seagrasses due to high irradiance process resulting 

in non-photochemical quenching (Bjork et al 2008).  

 

The final habitat groupings  three and four, are dominated by unconsolidated 

carbonate sand areas are either; (1) situated in relatively low hydrodynamic flow 

such as sheltered back-reef environments in which case dense cyano-bacterial 

mats have been establish, serving to bind the sand sheets. (2) Sand flats and 

tidal sandbanks in areas of high hydrodynamic flow that have gathered near 

topographic highs and occur along the base of reef slopes, beyond the 

framework-to-rubble interface. Sparse and/or patchy seagrass coverage was 

recorded in habitat biotope five only displaying n extremely low mean percent 

cover (<12%) with the species T. ciliatum, T. hemprichii, H.stipulacea observed 

in this grouping 

 

Numerous studies (Orth et al 2006, Waycott et al 2009 Hilary et al 2011) 

suggest worldwide declines in seagrass caused by anthropogenic impacts 

including direct physical disturbance and indirect effects of watershed 

development and consequent water quality degradation. Thus, it is suggested 

that habitat six and seven situated in the north of the lagoon need further 

investigation to assess the impact of chronic stressors such siltation, burial 

and/or extended exposure during tidal fluctuations, and changes in sediment 

composition with the deposition of terrigenous material on these critically 

important  and productive ecosystems.   
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7. CONCLUSION 

 

This study indicates that episodic stressors (e.g. climate change) and chronic 

stressors such as the deposition of terrigenous material on the adjacent 

marine system, have the potential to drive major ecosystem shifts across the 

entire reef ecosystem and are already doing so. These fundamental shifts 

have the ability to cause both reversible and irreversible damage to the Bay of 

Ranobe ecosystem functioning with detrimental consequences for the coastal 

communities that depend on the productivity of these systems for survival. 

Episodic events inducing mass scleractinian coral bleaching and mortality are 

suggested to increase the production of calcareous sand through increased 

erosion, however this effect lasts only until the carbonate supply is exhausted 

at which point the biocatalytic filter system will be ineffective/inefficient at 

processing organic matter eventually decreasing resilience/resistance of 

coral-reef ecosystems.  

 

Primary producers such as seagrass habitats serving as nursery grounds to 

many reef associated species are sensitive to physical, chemical and 

biological change (Mellors 1991, Burkepile 2006, Bjork et al 2008). This 

research suggests that terrigenous material deposition on seagrass beds is 

occurring in the lagoon system of the Bay of Ranobe through the changes in 

land-use by the coastal communities.  

 

The present study has shown that the Bay of Ranobe has undergone 

dramatic changes since the study by Pichon in 1978. Based on the physical 
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and biological data analysis and the integrated interpretation the following 

conclusions are proposed:  

 

• Detailed analysis of grain size composition and carbonate content of surface 

sediment samples illustrate the high wave energy and/or current velocity in 

the southern and central areas of this lagoon system. Wave energy and/or 

current velocities in the north are less than that of the south, giving rise to 

deposition of terrigenous sediments transported and settling and/or 

transferred to infill the northern section of this lagoon system.  

• There is a clear relationship between terrestrial land-use and terrigenous 

inputs on this carbonate-dominant system specifically in the northern section 

of the lagoon. This needs further investigation and implementation of 

agricultural management strategies. 

• Altogether 41 genera of scleractinian corals were identified on the patch reef 

systems surveyed, with mean coral cover estimated at over 50%. Genera 

were dominated by Acroporidae specifically Acropora and Montipora species. 

This once coral-dominated system has suffered mass degradation evident 

from significant rubble fields observed in this study. 

• The dataset is limited, and further research is needed to assess the: 

o Currentology of this marine lagoon system which plays a major role in 

the movement of sediments and 

o Near-shore fishery which will affect ecosystem function if herbivores 

are depleted through over-exploitation. 
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