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1 INTRODUCTION

11 Introduction

Sedimentation, turbidity and ambient suspended and settling sediments, can influence
corals in both direct and indirect ways (Marshall and Orr 1931; Roy and Smith 1971;
Rodgers 1983; Stafford-Smith and Ormond 1992). Sediment accumulation may reduce
coral performance through excessive use of energy activating sediment rejection
mechanisms (Dodge 1974). Higher levels of accumulation may physically smother the
coral polyps damaging the soft tissues of the coral through abrasion or impact by the

sediment particles, especially of sandy grains (Rogers, 1990).

The endosymbiotic algae (zooxanthellae) of the reef building corals depend on light
energy for deposition of calcium carbonate (Chalker 1981). Increased turbidity in the
water column with a consequent reduction in light levels resulting from the high levels
of suspended sediment may inhibit development of coral larvae (Tomascik and Sander
1987) and limit/halted the photosynthetic process of the zooxanthellae (Birkeland 1977,
Rodgers et al 1984).

A synthesis of field and laboratory observations made by Rodgers (1990), showed
individual species of coral displaying diverse clearing capabilities when exposed to
sedimentation and varied survival rates in lower light levels. In addition the amount
and type of sediment will influence the ability of a coral to reject sediments which settle

on the colony surfaces.

Barnes 1973 and Foster 1979/1980 speculated that the sides of a coral colony could
approach a critical radius because they receive less light than the upper colonies, thus

increases in sedimentation can affect not only growth rates but also coral morphology.

Therefore sediment rejection is a function of morphology (of the whole colony, the

calices and the colony surface) orientation (vertical, horizontal) and behavior.
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There are also potential associated effects through the exchange and/or supply of
nutrients and other chemicals from suspended or deposited sediments (Hallock and
Schlager, 1986). Corals exhibit both passive (wave action) and active (increased muco-
ciliary activity) sediment removal (Lasker 1980) and display a range of features
indicative of sub-lethal stress, including sediment stress, such as a decrease in
zooxanthellae concentration (bleaching), extrusion of mesenterial filaments, unusual
mouth opening responses, changing 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).

The mean sedimentation rates for reefs which are not subject to stresses from human
activities range from <1 to about 10 mg cm2d-! therefore the assumption is that chronic
sedimentation rates of >10 mg cm2d-! can be classified as a “high” sedimentation loading

(Pasttorok and Bilyard 1985, Rodgers 1990).

In reef zones with a “high” sedimentation loading the following may be observed:

- lower species diversity (some species absent)

- reduction in live coral percentage cover

- Greater abundance of forms and species with greater resistance to sediment
smothering or reduced light levels

- Generally smaller colonies because of their greater efficiency of sediment
rejection or generally larger colonies because sediments limit recruitment

- Lower growth rates

- An upwards shift in depth zonation

- A greater abundance of branching coral forms (Rodgers 1990)

High 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 (Rodgers 1990)..
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Dodge and Vaaisnys 1977 examined growth bands of Diploria colonies in Bermuda and
found a period of slower growth for several years prior to death from siltation

associated with dredging.

The collapse of the reef framework as organisms bore into and weaken the substrate due
to the death of major reef-building corals from sedimentation, disease or other causes
(Headley 1925, Sano et al 1987) effects not only the topography of the reef but the

complex ecosystem interactions.

This together with increased anthropogenic disturbance and pressures such as over-
fishing of herbivorous species alters the complex interactions between fish and their reef
habitat and can contribute to coral reef degradation, this often involves a “phase shift’
from abundant coral to abundant macro-algae reducing diversity and depleting fish

stocks.
The consequential reaction of the local indigenous communities is to increase fishing
activity resulting in unmanaged exponential growth (fig 1), of the level of exploitation

which is unsustainable effecting the complex interactions of the ecosystem.

Figure 1: fishing effort/ mortality v yield,
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Therefore the issue of how to address the problems of increased sedimentation levels
has to be addressed in conjunction with the former aspects effecting the degradation of

the system.

12 Previous research

The Bay of Ranobe corals suffered widespread bleaching in 2001-2, coral recovery rate
was low, ReefDoctor 2006 survey data (unpublished) shows that most of the coral sites
surveyed in the southerne portion of the lagoon (excluding the Massif des Roses) are in a
very poor state of health with 3% live coral, 9% dead coral; 30% ‘rock” (much of this
unidentifiable dead coral); 51% coral rubble. The remainder is comprised of sand and

silt.

The previous sedimentation study 2005/2006 examined variation in sedimentation rates
compared with live coral cover of the patch coral reef system in the Bay of Ranobe,
Southwest Madagascar. The analysis shows significant variation in sedimentation
loading correlating with percentage of live coral cover across the study sites within the

bay.

The study suggest that the total tolerable sedimentation rates for live coral in the bay of
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Ranobe is >10g.M-2.d-1. Studies conducted by Pastorok and Bilyard 1985, Rodger 1990
correspond with the aforementioned analyse, where grain size analysis results suggests
that although the rate of sand deposition was significantly less than silt/clay it has a
greater influence on percent of live coral cover within the study area. Thus tolerance of
live coral to sand was approximately >5g.M2.d-1, where silt/clay tolerance levels

remain >10g.M-2.d-1.

Benthic results indicated that sites exhibiting high percentage of live coral cover can be
linked with a low sedimentation rate (<10g.M=2d-1) in contrast with sites that have very

low coral cover exhibiting high sedimentation rate (>10g.M-2d-1).

It should be noted that though the study indicated a relationship between sedimentation
load and live coral cover, there are other factors influencing the degradation of the reef

system such as climate, temperature, eutrophication and other anthropogenic factors.

of

L

Sociological and infrastructure developments in j
Madagascar are putting tremendous pressure on the (
coral reef systems, thus further analysis of terrigenous
sedimentation (including non-framework carbonate) and
physical, chemical aspects affecting the coral reef in the
Bay of Ranobe is vital as current data is limited, and the

impact relatively unknown.

1.3 Study area
The Bay of Ranobe is a semi enclosed lagoon situated at
(23°00'S 43°30’E, 23°18’S 43°38'E). The bay of Ranobe

Grand Récif
extends from Morombe in the North to Tulare to the de Tu,éi

South and is part of the Grand récif de Tulare ..
encompassing a 32km long reef structure forming the

third largest coral reef system in the world.
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The Bay of Ranobe is comprised of a diverse ecosystem of extensive sea grass beds,
mangrove habitats, barrier, fringing and patch coral reef systems, algae reef flats and

sandy areas.

There are three freshwater systems that have an input into the bay of Ranobe Onilahy,
Fiherenana and Manombo Rivers (South to North respectively) the two major systems
that have a direct impact on the bay are the Fiherenana and Manombo rivers delimited
by mangrove systems. Mangrove systems function as a ‘natural’ sediment trap reducing
flow, allowing settlement of suspended material, preventing coastal erosion and
operating as an important breeding and nursery ground. However the system is under
intense anthropogenic pressure especially in the Southern area of the bay, the resulting
degradation of the mangrove system and distinct loss of diversity has contributed to a
relatively “high” (>10g.M-2d-1) degree of siltation in the bay that may stimulate sub-lethal

stress instigating partial colony mortality, colony injury and/or polyp death .

Previous base line data focused in the Southern area of the bay, concentrating on the
proposed MPA site Massif des Roses (sanctioned 7t June 2007) and patch coral reef areas
North and South of the Southern pass, expanding this research area to cover the entirety
of the bay enables Reef Doctor to fully comprehend the effect of sedimentation on the

reef system.

Nine long term stations have been established in the bay of Ranobe area, (fig 2) this
encompasses seven interior sites and three exterior sites. Investigative exploration of
these sites has been completed and annual surveys are taking place to monitor the
benthos and indicator species to document any “phase shift” in the system, this can then

be compared and correlations with the sedimentation data evaluate.
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Fig2: Sampling sites at the Bay of

SEDO1:

SEDO02:

SEDO03:

SED04:

SEDO05:

SEDO06:

SEDO7:

SEDOS:

SEDO09:

523°01.749
E043°35.146

523°04.324
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146

523°01.749
E043°35.146



REEFDOCTOR- Sedimentation, physical and chemical analysis

1.4.1  Overall objectives of study

The overall objective of the research is to study the impact of terrigenous sedimentation
(including non-framework carbonate) and physical, chemical aspects effecting coral reef
growth, exploring the relationship between coral growth, mortality, sedimentation
loading and limiting factors, and refining the current understanding of the observed

changes in the Bay of Ranobe, Southwest Madagascar.

1.4.2  Specific objectives of study

* Research the level of sediment being deposited on the reef system and the
different load levels within the bay.

* Study the impact of terrigenous sedimentation (including non-framework
carbonate) and physical, chemical aspects affecting the coral reef, investigating
the relationship between live coral cover, sedimentation loading and other
abiotic parameters.

* Provide new interpretation of the accumulative effects of sedimentation on
substrate in particular live coral cover in the bay

* Refine the current understanding of the changes upon the reef system

* Produce a database of coral genus effected by sedimentation, and isolate genus
that are indicative of high/low sedimentation loads

* Provide information on the local reef health condition and propose solutions to

resolve anthropogenic impact concerns

2.1 Sedimentation analysis materials and methods
Sedimentation trap design; each cluster contains three sedimentation traps of H/W ratio
over 2 to 3 due to the high water velocity regimes over 15cm per second within the area,
the traps consist of PVC plastic tubing 18cm long and 5cm in diameter sealed at one end
with a PVC cap, each trap is fitted with a plastic baffle system with a height to width
ratio of <2 and >6 to reduce re-suspension in the trap and help exclude living organisms

(Australian Institute of Marine Science 1997) a PVC lid seals each trap before removal.
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The traps are deployed in clusters of three at each site through out the bay (Fig 2) and
will be deployed and collected within a 22-24hr period, this time frame is suggested by
the preliminary results (Fig 3) taking into consideration the quantity of material needed

for analysis and allowance for the degradation of organic matter.

Following the collection and filtration of samples at sea within the time frame stated
(dependant on weather conditions), the sediment samples are filtered through
WhatmanZEE GF/F filter papers and individually wrapped in aluminium foil and stored

frozen.

Figure 2: outlines the degradation of the organic matter content of the sedimentation trap

material over time
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Figure 3: four sediment traps were placed in the water column at the Massif des Roses
(RG) site: this site described in the previous results has a ‘low” sedimentation rate and
relatively “high’ coral cover therefore should be symptomatic of low sedimentation sites
and therefore low material accumulation. The four traps were deployed at 0 hour and
removed from the water column at 4, 8, 16 and 32 hours respectively and analysed, the
results show a rapid degradation of organic material in the sediment sample, therefore

the critical extraction time cannot exceed 24 hours.
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2.2 Visual observation analysis

The effects of sediment differs within the species genre of coral dependant on the
tolerance levels of the endosymbiotic algae, furthermore this is all dependant on the
environmental conditions of the region. Therefore, adapting published research from

outside the Ranobe region has been problematic.

However, long term studies by means of documented visual observations and
photographic verification using methods described in figure 4 can provided vital
attestation on the response of corals to sediment stress imperative to the continued

sustainable development of the area.

Figure 4: visual, physiological and histopathological responses in coral to sedimentation
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Visual observations (behavior and appearance)

1. Unusual polyp contraction or expansion

2. Extrusion of mesenterial filaments

3. Unusual mouth opening responses

4. Change in feeding behavior

5. Increased mucus production/muco-ciliary activity

6. Decrease in zooxanthellae concentration ('bleaching')

7. Appearance of bare skeleton or abnormal tissue growth (e.g. lesions)

8. Appearance of accumulations of layers of sediments over living portions of colony

At each of the nine stations where subsequent data is collected (fig 2) biannual
assessment will be conducted allowing for variance in weather conditions throughout
the year. Any significant change can be validated with the additional benthic and

sedimentation research data.
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2.3 Physical and chemical parameters
2.3.1 Ultraviolet oxidation for dissolved nutrient analysis

Background

Phosphorus occurs in water samples as free or esterified phosphates-orthophosphates,
polyphosphates and organically bound phosphates. The major forms of nitrogen present
in seawater are nitrate, nitrite, ammonia, organic nitrogen and particulate nitrogen
(Franson et al 1980). The inorganic species of phosphorus and nitrogen can be readily
analyzed using a variety of methods, but organically bound forms must also be
measured to determine the total amount of dissolved phosphorus or nitrogen in a
sample. This is done by converting organically bound forms to a more readily analyzed
form. There are a number of methods in use to oxidize dissolved organics in water
samples. These include acid digestion methods to hydrolize esterified phosphorus in
samples, and kjeldahl digestion for organic nitrogen (Wangersky & Zika 1978). The
method described here utilises strong ultra-violet light to simultaneously photo-oxidize
organic nitrogen and phosphorus fractions. This is a technique that is commonly used to
oxidise organics in seawater samples (Manny et al. 1971). The technique uses a high
intensity ultraviolet light source to irradiate samples so the organic nitrogen is oxidised
to nitrate and nitrite, while organic phosphorus is converted to orthophosphates.
Strickland and Parsons (1972) stated that this method gave an accurate and precise

indication of organically bound nutrient fractions.

Synopsis of the technique

Filtered water samples are stored frozen in 10 mL, acid-washed nutrient tubes. Before
analysis, water samples are thawed and placed under ultra-violet photo-oxidation to
convert organic nutrient components to inorganic forms. Samples then undergo
colourimetric analysis using a flow-through auto-analysis system. As the samples are
initially filtered to remove particulates the final result gives total dissolved (or filterable)
phosphorus and nitrogen. The dissolved inorganic value is subtracted from the total to give the

organic value.

2.3.2  Chlorophyll a

Background
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Plant pigment concentrations in natural waters provide a semi-quantitative index of
phytoplankton biomass. From a practical perspective, the pigment most useful for
estimating total phytoplankton biomass is chlorophyll a. Concurrent concentrations of
chlorophyll b and ¢ are usually much smaller and vary in response to community
floristic composition. All chlorophyll-containing materials are fluorescent. When the
organisms are microscopic, such as phytoplankton, this fluorescence may be measured
directly in bulk water solutions or extracts of filtered materials. In the method outlined
below, the concentration of chlorophyll a is estimated using a sensitive photomultiplier
for detection of long wavelength light (red) fluoresced from pigment extracts irradiated

with short wavelengths (blue), (Yentsch & Menzel 1963).

Synopsis of technique

Following collection and filtration at sea the chlorophyll samples filtered through
WhatmanZEE GF/F filter papers are individually wrapped in aluminum foil and stored
frozen. Filter papers are ground in 90% acetone (V/V) and centrifuged to extract the
chlorophyll pigments. The fluorescence emitted from the chlorophyll is measured
directly using a fluorometer. The analogue output is recorded in millivolts using a
digital voltmeter. Phaeophytin levels are measured by taking fluorescence readings
before and after acidification of the sample. Digital fluorescence readings (as mV) are

converted to measurements of chlorophyll and phaeophytin using a spreadsheet.

2.3.3  Suspended solids

Background

Analysis of suspended solids estimates the total amount of particulate matter in a water
sample. An increase in the amount of suspended sediment, phytoplankton cells or other
solids within the water column can lead to a reduction of light penetration into ocean
waters. Such a reduction in ambient light can be detrimental to biota whose survival is
dependent on sunlight. Sediment loading can be increased as a result of natural and
human disturbances, including river input, storms, strong winds, trawling and dredging
(Hatcher 1989). Extraction of the suspended material from a water sample is a necessary

step in this procedure to permit easy calculation of total suspended solid. One of the
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most widely used and popular concentration methods is filtering of the sample onto a

pre-weighed filter paper (Gibbs 1974). This is the method described here.

Synopsis of the technique

Particulate matter is extracted by filtration upon a pre-weighed filter paper of nominal
pore size. The weight difference between filter papers before and after filtration and
drying is used to calculate the amount of suspended solid in the sample. Final

suspended solid weight is calculated using a PL/SQLTM program (Baker, in prep.).

2.3.4 Salinity

Background

Salinity is formally defined as the total amount of dissolved inorganic solids in sea
water, expressed as parts per thousand (%o) by weight, when all the carbonate has been
converted to oxide, the bromide and iodide to chloride, and all organic matter is
completely oxidised (Fairbridge & Rhodes 1966). Salinity, in conjunction with
temperature, largely determines the density of seawater and as a conservative property
can be used to identify specific water masses. The salinity in a marine ecosystem may be
affected by a number of factors. An increase in freshwater runoff due to high rainfall,
coastal land clearing and urban development may cause a reduction in salinity, whereas
evaporative concentration near shallow reefs may lead to an increase in salinity levels
(Hatcher 1989). One obvious way of measuring salinity is to take a known mass of
seawater, evaporate it to dryness and then weigh the remaining salt. In practice, this
method tends to be highly variable and unpredictable. As a result, salinity is rarely
determined directly but is routinely computed from chlorinity, electrical conductivity,
refractive index, or some other property where a functional relationship to salinity is
well established. The conductivity of seawater is proportional to the salinity. With the
appropriate corrections for temperature and pressure, the measurement of conductivity
has become the most generally used method of determining salinity. Electrical
conductivity is a measure of total electrolyte concentration in seawater and it is a
technique which can be performed rapidly and with great accuracy, both in laboratories

and in situ.
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Synopsis of technique

Salinity in seawater samples is determined through the precise measurement of
conductivity using a salinometer. The conductivity of individual samples is expressed as
a ratio to the conductivity of a sample of standard seawater. The electrical conductivity
measured by the salinometer is proportional to the salinity of the sample. Electrical

conductivity values are transformed to a salinity value using a BASIC program (Baker,

in prep.).

0 1

4.1 Influences affecting the study area

412 Climate
Climatology and variability of summer convection and circulation over the tropical
southwest Indian Ocean produces summer rainfall and meridional winds, the rainy
season of December to the end of March is a also the period when the coast is hit by
tropical storms, cyclones (Quartly & Buck 2002; Quartly, Buck & Srokosz 2005; Quartly,
Buck & Srokosz 2006).

Sustained high water temperature occurred within the Ranobe lagoon system, in 1998 a
recorded mass bleaching event took place in the large areas of shallow water, coral
recovery was low and large areas of the lagoon are now dominated by algae (GCRMN
2000). During the summer periods of November to March between 2001-2003 the
average Sea Surface Temperature (SST) was reported at 30-31C down to a maximum
depth of 20 meters for prolonged periods of time (RD 2007). This event and subsequent
similar events in the following years caused wide spread coral mortality alongside
cyclones damage to the complex habitats provided by the corals which thus altered the

biodiversity and abundance of associated reef species on the lagoons patch reefs .

However, recent evidence shows the exchange rate and mixing of the cooler external
waters with the warmer interior waters is high and salinity readings are analogous for
the interior and exterior of the lagoon, further investigation needs to be made into the

currentology affecting the Grand récif de Tulare (IRD 2007).
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412 Anthropogenic impact
Prolonged deforestation of terrestrial forested areas and mangroves on the coast line by
generations of coastal tribal communities for agriculture, construction of shelter and fuel
(Eckhome 1975; CIA 2005) have increased pressures on the reef system (Marshall & Orr
1931; Ray & Smith 1971; Rodgers 1983; Stafford-Smith & Ormond 1992). Poor agriculture
practices of slash and burn has lead to more and more land being unusable for crops and
many farmers from the surrounding areas are starting to move to the coastal
communities such as the bay of Ranobe. This limits cultural practices as migrants are
unaware of spawning times and tend to use more destructive fishing methods, this
coupled with the low economic status and lack of tribal definition that generates an

‘open access’ system is detrimental to the coastal habitat.

During the last few years the local community has reported increased levels of sediment
in the river systems being washed into the sea and because of the loss of mangrove
forests along the coast line, sediment load is reported to be increasing in the coastal bays
(Gattuso 1998). This increasing sediment load has remained unchecked and little has

been done to evaluate the situation of the coral reefs in the study area.

"$2
The patch coral reef system in the bay of Ranobe is exposed to external pressures
influencing the degradation of the reef system, sedimentation load contributes to the
stresses impacting on the reef and the results suggest a sedimentation tolerance level for
need a greater emphasis. The results also suggest other factors are affecting percentage
of live coral cover and the reef system such as seasonal runoff, re-suspension of

sediments during tidal movements, storm activities and anthropogenic pollution.

5.1 Essential future studies

+ Coral reef monitoring must be expanded with training and employment of staff,
funding for logistics, databases and monitoring; Monitoring should be
encouraged in communities and volunteers to try promote ownership within the

community.
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+ Increased coordination of existing monitoring is needed to ensure that data and
information are delivered to the appropriate agencies.

« Site RG is a registered marine protected area (MPA) the formation the fishing
association FIMIHARA is in its early stages and the development of by-laws to
protect the catchment area and address the trans-boundary problems to
accommodate industrial and touristic development along with traditional uses.

« Traditional rights and management practices exist in the area, if recognized and
incorporated into state laws it could allow for co-management of coastal areas,
many effective traditional conservation practices are being eroded under state
and international law and ‘western” influences.

+ Alternative livelihood projects need support and investment to reduce fishing

pressure.
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