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CHAPTER I 

INTRODUCTION 



Introduction 

1.1 Biodiversity of the ocean 

Pelagic ecosystems are locally rich in species, but the global inventory of pelagic 

species is unexpectedly small (Ormond et al., 1997). Many pelagic species 

undertake seasonal migrations over-winter in deep water. An analysis of over half 

a million specimens of copepods from a series of repeated tows at four depths 

down to 600 m showed that there were 106 species - nearly 5% of the total global 

inventory of known marine pelagic copepods (Roe, 1984). In contrast to the 

pelagic fauna, which contains representatives of fifteen metazoan phyla, benthic 

faunas contain representatives of at least 33 phyla. If prokaryotic organisms are 

included (Le. organisms, including bacteria which lack cell nuclei) the benthos 

includes >50 phyla (Margolis and Sagan, 1987). Data on benthic species richness 

are sparse. Even though there are more phyla in the benthos, there are more 

species in terrestrial ecosystems. However, at any oceanic low latitude locality 

large numbers of species are to be found. For example, identification of 272000 

specimens of macrobenthos collected in 558 box-cores from depths of 1500-2100 

m along the eastern seaboard of the US revealed 1597 species, of which 58% 

were novel (Grassle and Maciolek, 1992). In areas where there are regularly high 

loads of suspended organic particles in near-bottom waters, accumulations of 

large suspension feeders such as cold-water corals and sponges occur 

(Frederiksen et al., 1992; Witte et al., 1997; Beaulieu, 2001). These large species 

create a biotic habitat containing an assortment of microhabitats and are inhabited 

by rich assemblages of species, including commercial fishes. Localized habitats 

with high species richness are often found where there are fine-scaled, complex 

interactions between the seabed structures and hydrographic processes (Gage, 

2004). 
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1.2 Vertical structure of pelagic communities 

The strong vertical gradients of light, temperature, hydrostatic pressure and food 

availability generate a marked vertical zonation in pelagic communities (Fig. 1.1). 

The number of species rises to a maximum at depths of about 1000 m (Angel, 

1997), although the biomass of the community is an order of magnitude lower 

than near the wind-mixed layer (Angel and Baker, 1982; Vinogradova, 1997). 

Epipelagic zone: The epipelagic zone extends from the surface to a depth of 

about 200-250 m (Fig. 1.1), throughout this zone the light field tends to be 

asymmetrical vertically, so that the elevation of the sun in the sky can still be 

detected. It spans both the euphotic zone and the seasonal thermocline. This is the 

zone in which the primary production occurs, that fuels virtually all the other 

pelagic and benthic life. The food web within the epipelagic zone is partitioned 

into two functional components, which depend on the sizes of the primary 

producers. The larger phytoplankton cells, particularly the diatoms, are grazed by 

suspension feeders such as copepods. Much of the carbon fixed by these larger 

cells is exported into deep water either by sedimentation or by migrating plankton 

(i.e. the biological pump). The zooplankton of the epipelagic zone is dominated 

by small species ranging from protozoans to copepods, during spring it is 

supplemented by larvae of deeper-living and even benthic species (Bouchet and 

Waren, 1985). 

Mesopelagic zone: The mesopelagic zone extends down to the depths of about 

1000 m, underlying the epipelagic zone. Although the dominant types of pelagic 

organisms do not change very much in the mesopelagic zone, there are marked 

differences between the species composition of the pelagic communities 

inhabiting the mesopelagic and epipelagic zone, and the mean size of the 

organisms also increases. At 300-400 m water depths, the communities are often 

dominated by gelatinous forms, especially, the siphonophores and salps. 
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Euphausiids and large scarlet decapod crustaceans are also abundant and the 

fishes are dominated by myctophids (lanternfish), argyropelecids (hatchetfish) 

and gonostomatids. 

Bathypelagic zone: At about 1000 m, the maximum depth to which detectable 

daylight penetrates in all but the clearest oligotrophic waters, the mesopelagic 

zone gives way to the bathypelagic zone. In temperate waters, it is also the 

maximum depth from which there is vertical migration. Bathypelagic inhabitants 

have many morphological and physiological adaptations to life in these 

permanently dark waters. Neutral buoyancy in fishes is achieved by low energy 

systems; swim bladders are lipid-filled rather than gas-filled, muscles are watery 

and bones uncalcified (Marshall, 1979). 

Abyssopelagic zone: A further change in the constitution of pelagic assemblages 

occurs at about 2500-2700 m. This depth of 2700 m may be critical for 

physiological reasons. In some rather crude preliminary field trials, Menzies and 

Wilson (1961) compared the survival of benthic specimens brought up to the 

surface, and of littoral or planktonic species lowered to depth. For both sets of 

species there was a critical boundary for survival at 2500-2700 m; all the deep-

living animals retrieved from greater depths succumbed to the change in 

hydrostatic pressure, whereas all the shallow-living species survived when 

lowered to 2400 m, but succumbed if lowered deeper. The abyssopelagic zone 

extends down either to hadal depths (i.e., depths >6000 m) or to the benthopelagic 

zone within 100 m of the sea floor. 

Benthopelagic zone: The benthopelagic zone occupies the layer of isothermal 

and isohaline water, which immediately overlies the seafloor and is described as 

the benthic boundary layer. During `benthic storms' bottom currents can exceed 

30 cm.s-1 , extending the zone of isohaline and isothermal conditions higher into 

the water column (Weatherly and Kelley, 1985). The sediments and benthic 
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organisms are swirled high into the water column and are transported long 

distances. Within the benthic boundary layer, planktonic standing crops double 

(Wishner, 1980) and there are many endemic species (Angel, 1990). This reversal 

of the gradient in pelagic biomass close to the seabed probably reflects the 

increase in available food. Above the benthic boundary layer, pelagic organisms 

rely on intercepting particles that sink intermittently in time and space through the 

water column. However, once these particles have arrived on the seabed, the task 

of searching them changes from being three-dimensional to two-dimensional. 

Moreover, microbial degradation of the particles on the bottom converts some of 

their organic content from indigestible to digestible compounds. Any 

resuspension of the particles will enhance their availability to organisms in the 

benthic boundary layer. As the standing stock increases so does predation 

pressure. Swimming up into the water column may not only enable an animal to 

escape predation, but also to enter a different hydrodynamic regime where it may 

be able to pick up scent plumes from food packages or even potential mates. The 

pelagic larvae and post-larvae of benthic species are also found in this zone. 

Several species of holothurians, normally considered to be megabenthos, have the 

ability to float up off the seabed (Billett et al., 1985; Billett, 1991). 

1.3 Vertical structure of benthic zone 

The continental shelves extend on average around 60 km from the land, and 

represent about 1/20 of the oceans. The break between the continental shelves and 

the continental slope occurs at an average depth of 200 m. 

The continental shelves fall away to the deep sea via the continental slopes with 

a gradient of around 1:40. This becomes more gradual at depths of around 3000 m 

where it is called the continental rise with a gradient of around 1:100. In some 

places, however, the continental slopes are dissected by canyons with nearly 

vertical walls. 
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Finally at around 3500-4000 m the slopes flatten out further to form the abyssal 

plain, which can reach up to the depth of 6000 m. The abyssal plains underlie 

about half of the oceans. They are interrupted by volcanic islands, seamounts, 

trenches and mid-oceanic ridges (Fig. 1.2). 

The vast mid-oceanic ridge mountain chains extend some 45000 km. They rise 

2000-4000 m from the ocean floor forming the islands on the top of their highest 

peaks. Ocean ridges are the sites of tectonic activity, where new sea floor is being 

actively produced. They are called spreading centers. The seafloor re-descends 

into the earth's crust at the subduction zones, where the deep ocean trenches 

occur. 

1.4 Deep-sea habitats 

Seamounts: Seamounts are important habitats in the open ocean (Rogers, 1994). 

There is greater vertical mixing over the summits and so productivity is enhanced 

in their vicinities. Pelagic fishes and cetaceans tend to aggregate around their 

summits for feeding and spawning. The summits are often well scoured by 

currents but the flanks are often inhabited by dense concentrations of suspension 

feeding benthic species. For benthic species in particular, seamounts function as 

islands, so there is a high degree of endemism, because the populations of 

shallow-living species inhabiting the summits are genetically isolated. 

Abyssal plains: Abyssal plains off 4500-4850 m in depth cover a substantial part 

of the oceans. Their topography is almost uniformly flat, with gradients of <0.05° 

and with changes in height of <lm km i  (Heezen et al., 1954). There are some low 

topographic features, which have been scoured by intermittent turbidity flows. 

The surface of the sediment is covered with lebensspuren, tracks of the abundant 

holothurian, their faecal castes and the pits and mounds of burrowing infauna. 

Time-lapse photographs show that biological activity continues year-round but 
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peaks immediately after the phytodetritus has sedimented out (Rice et al., 1994). 

Baited cameras reveal that large populations of amphipod and fish scavengers are 

attracted to the baits (Witte, 1999). There are richly diverse populations of 

macrofauna and meiofauna, largely supported by the flourishing bacterial flora of 

the surficial sediment. Annual secondary production for abyssal regions varies 

between 0.005 and 0.05 g C m -2 . Within the abyssal fauna, deposit-feeding 

surface and subsurface fauna as well as omnivorous scavengers predominate. 

Specialist carnivores are scarce, because of the low density of potential prey. 

1.5 Physical parameters of deep -sea environments 

The deep-sea environment is characterized by four relatively stable physical 

variables: salinity, temperature, hydrostatic pressure and oxygen concentration 

(Menzies, 1965; Tyler, 1995). 

Bottom water temperature: Bottom water temperature generally decreases with 

increasing depth, reaching —2 °C on the abyssal plain. In the abyss, temporal 

variation is measured in the second decimal place and occurs, for example, 

because of internal tides and waves, which cause the oscillation of isothermal 

surfaces. 

The low temperatures have consequences for deep-sea floor organisms because 

the cold reduces chemical reaction rates and shifts reaction equilibria toward 

reactants and away from products (Hochachka and Somero, 1984). To metabolize 

at reasonable rates, deep-sea species must have biochemical machinery that 

compensates. For example, low temperature decreases enzyme flexibility and 

therefore catalytic rates. These effects can be offset over evolutionary time by 

changes in the amino-acid sequence of an enzyme to reduce the number of weak 

interactions (e.g., hydrogen bonds) that stabilize its three dimensional structure 

(Hochachka and Somero, 1984). The necessity for such adaptation to low 
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temperatures, like that to the high pressure, may constitute a barrier, which a 

warm-water shallow-water lineage must overcome evolutionarily to colonize. 

Salinity: In shallow, coastal waters, salinity can affect benthic species. For 

example, in estuaries, the organisms must be adapted physiologically to live in 

water that changes salinity with the tides. In most of the deep-sea on the other 

hand, the salinity of the bottom water is fully marine (avg. 35 psu). At most 

locations in the deep-sea, salinity varies little with time (± 0.2 psu), and that 

variation appears to be irrelevant to the ecology of deep-sea organisms. 

Oxygen: Oxygen enters the ocean by exchange with the atmosphere and as a by-

product of photosynthesis by marine plants in the euphotic zone. The dissolved 

gas is carried to the deep-sea floor is saturated with oxygen or nearly so (5-6 ml 

I ), and the variation in space and time of oxygen concentration on the scale of an 

individual organism is small in absolute terms and does not constitute an 

environmental challenge for organisms living in the near-bottom water or on the 

seabed. 

Two major conditions reduce oxygen concentration to levels that are problematic 

for organisms. First, organic material (e.g., fecal pellets) that falls from the 

euphotic zone is decomposed by aerobic bacteria and is consumed by zooplankton 

as it sinks. The decomposition and animal respiration reduce the oxygen 

concentration, producing an oxygen-minimum layer in the mid-water, usually 

between 300 m and 1000 m depth. 

The second circumstance concerns basins where the bottom water does not freely 

exchange with that of the surrounding region, because of topographic barrier. The 

reduced exchange decreases the oxygen supply rate to the bottom waters of the 

basin. Organic material settles into the basin and is decomposed by microbes. 

Depending on the balance between the rate at which oxygen is supplied and the 
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rate at which it is consumed, the oxygen concentration in the bottom waters can 

be much less than that of the surrounding region, or even zero. Such conditions 

can eliminate or reduce the aerobic benthic fauna. 

Oxygen concentration also varies with depth in the sediment. Oxygen enters the 

pore water of deep-sea sediments by diffusion and by the activities of organisms 

that pump or mix water into the sediment. Oxygen is consumed by animal and 

microbial respiration and by chemical reactions in the sediment. The depth of 

oxygen penetration into the sediment limits the vertical distribution of organisms, 

such as most metazoans, which require it. 

Light: Light intensity decreases exponentially with depth in the water column 

because of the absorption and scattering of incident photons. Particles suspended 

in the water (sediment particles, phytoplankton cells) increase both absorption and 

scattering. Even in the clearest ocean water, light sufficient for the photosynthesis 

will not reach below 250 m depth. 

The decrease of light intensity with increasing depth has other consequences for 

deep-sea species. For example, in shallow water most isopods have eyes. As 

depth increases, the proportion of isopod species without eyes increases. At the 

abyssal depth, eyes are totally absent for isopod species (Hessler and Thistle, 

1975). The implication of this pattern is that vision is of decreasing importance 

for some animal groups dwelling at greater depths. 

Pressure: Of all the environmental factors acting on deep-sea organisms, pressure 

shows the greatest range. Pressure increases by 1 atmosphere (atm) for each 10 m 

of depth. The pressure reaches more than 1000 atm in the greater depths (more 

than 10000 m) of the deep ocean trenches. There is considerable evidence that 

both the proteins and biological membranes are strongly affected by pressure and 

must be modified to work in animals living in the deep sea. 
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Near bottom flow: In much of the deep-sea, the near-bottom water moves slowly 

compared to that in shallow-water environments. Speeds of the bottom water (1 m 

above the bottom), in the bathyal zone tend to be less than 10 cm s -I , those in the 

abyssal zone less than 4 cm s 1 . These flows are benign, because, they are too 

slow to erode sediment or benthic organisms. The flow does move some material, 

in particular phytodetritus flocculent material of low specific density consisting of 

phytoplankton cells in an organic matrix (Billett et al., 1983), which accumulates 

in depressions (Lampitt, 1985). 

1.6 Importance of deep-sea study 

Intrinsic value: Every expedition to the depths results in new species being 

found. Sometimes entire new ecosystems like hydrothermal vents and cold seeps 

are discovered. An entire new domain of life, such as Archaea (an ancient form of 

life most closely related to the "First Life on Earth) has even been found in the 

depths. All these discoveries are with —1% of the deep ocean floor so far 

explored. 

Oil, gas, and mineral exploration: At present, most oceanic reserves of oil, gas, 

and minerals are extracted from the continental shelf, under shallow coastal 

waters. Valuable reserves are also located under the deep ocean floor. The oil and 

mining industries venture for new reserves further in deep sea, and eventually 

explore down to 3000 m. Such activity could have devastating effects on fragile, 

slow growing deep-sea communities. 

Scientific value: The deep-sea floor is the largest ecosystem on the planet; the 

average depth of the oceans is around 3.7 km; comprising approximately 65% of 

the planets surface. Nevertheless, we know much less about the deep-sea fauna 

than the coastal ecosystem, which makes up a miniscule proportion of the global 

environment. The specialized adaptations of deep-sea organisms are not just 
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interesting for interest's sake, but an understanding of their biochemistry could 

also lead to biochemical, medical, and other advances. 

The high diversity of most deep-sea communities is well known (Gage and Tyler, 

1991; Gage, 1996). As additional samples are taken, new species are found with 

no sign of species number reaching an asymptote (Gage, 1996). Only a small 

percentage of the vast biota of the deep-sea has been observed and sampled. It is 

estimated that there are up to 10 million undescribed species of organisms in the 

abyssal ocean. What is certain is that most of these small sized animals from the 

deep-sea sediment are very poorly known, even to the handful of marine 

taxonomists who specialize in them (Gage, 1996). 

1.7 Deep-sea benthos 

Benthos is the collective term for organisms inhabiting the seabed. The `infauna' 

lives within the sediment, whereas the `epifauna' lives upon it. The benthos is 

usually categorized arbitrarily according to the mesh sizes used in sieving. 

Microbenthos: Those benthic organisms retained on finer mesh sieve (i.e. 0.25 

iAm) are considered as microbenthos. These animals include protozoans, benthic 

diatoms, ciliates and small sized metazoans (nematodes, tardigrades, turbellarians, 

and gastrotrich). 

Meiobenthos: It consists of those organisms that pass through 500 p.m (0.5 mm) 

sieve and retained on the 45 um (0.045 mm) mesh. Meiofauna constitute an 

important component of the total fauna in the deep-sea. The composition and 

abundance in the deep-sea are limited by availability of food (Thiel, 1983). The 

source of food for the deep-sea meiofauna is either bacteria or organic detritus 

(Tietjen, 1971; Ingole et al., 1992). 
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Macrobenthos: It consists of those organisms, which are retained on 500 }tm ( 0 . 5 

 mm) mesh sieve (Holme and McIntyre, 1971). Deep ocean benthos tends to be 

much smaller than its shallow water counterparts, so the mesh sizes of the sieves 

used to separate deep-sea macrofauna often varies between 500 um to 250 um 

(0.5 mm to 0.25 mm). The basic food for macrofauna is the phytodetritus supplied 

by the euphotic zone and the meiofaunal community. The abundance of 

macrofaunal community in the deep-sea is limited to the availability of food, and 

they can easily be sampled with the aid of grabs and box corer. 

 

Megabenthos: They are defined as epibenthic animals large enough to be 

determined on photographs (Rex, 1981) or trawl-caught organisms in more than 

3-cm stretch mesh (Rowe, 1983; Smith et al., 1997). These can be directly 

observed (and in many cases identified) in photographs (Foell et al., 1992; Bluhm, 

1993; Bluhm et al., 1995). They have low densities, they are fast moving, and 

hence the conventional benthic sampling gears do not collect them adequately. 

1.8 Role of deep-sea benthos 

Quantifying and identifying benthos becomes progressively more difficult as the 

organisms get smaller and smaller. However, as their size decreases, the 

importance of the role they play tends to increase. Moreover the importance of the 

smaller sized categories increases with depth. Knowledge of benthic communities 

remains inadequate for most management purposes. Bathymetric gradients of 

species richness (Rex et al., 1997) and standing crop (Rowe and Pariente, 1992) 

are similar in the benthos to those of pelagic assemblages. 

Benthic grazing has proven to be an important factor in balancing the carbon 

budget in shallow ecosystems. In the deep-sea, where food input tends to be 

episodic or seasonal, there is evidence that some infaunal organisms "cache" food 

below the sediment-water interface. Some organisms, for example maldanid 

11 



Introduction 

polychaetes, transfer organic matter below the redox boundary through storage of 

food in their burrows. 

Sediment-dwelling organisms also influence the mixing of organic and inorganic 

matter in the upper sediments through bioturbation. By keeping the upper 

sediments well oxygenated, bioturbation has a direct impact on chemical 

transformations within the sediments. Bioturbation may also change sediment 

surface topography, and the pits and mounds created by benthic fauna can impact 

where particles are likely to collect on the seafloor. In the deep-sea, there is 

conflicting evidence for a response of benthic fauna (through increased growth 

rates or increased bioturbation) to episodic or seasonal inputs of particulate 

organic matter (POM). Individual deep-sea animals mix the sediment at about the 

same rate as shallow-water animals, suggesting that movement rates and 

metabolic rates of infauna may not be too dissimilar to such rates in shallow water 

(Thistle, 2003). 

Macrofauna is known to control the concentration and accretion of metals in the 

deep-sea. Polychaetes associated with manganese crusts feed on agglutinating 

foraminifera and concentrate the inorganic components of the prey. Studies have 

shown that foraminiferan stercomata have been found in the guts of small 

polychaetes living on manganese crusts (Riemann, 1983). These worms may thus 

be responsible of a further concentration of metal oxides collected by their prey 

and subsequent deposition on manganese crusts. Thus, the benthic polychaete 

indirectly helps in the nodule growth. 

1.9 Metabolic rates of deep-sea fauna 

Over the past 30 years, a number of in situ studies of the oxygen consumption 

rates of deep-sea animals have been conducted (Smith and Hessler, 1974; Smith et 

al., 1983). Others have successfully recovered deep-sea animals and measured 
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respiratory rates in the laboratory (Childress, 1995; Childress and Seibel, 1998). 

From these studies, a general conclusion has been established that deep-living 

animals, both fishes and invertebrates, have low metabolic rates. In some cases, 

deep-living species have metabolic rates more than two orders of magnitude lower 

than their shallow-living relatives, even after correction for temperature 

differences (Childress, 1995; Seibel et al., 1997). Reduced metabolism in the deep 

sea appears, in part, to reflect relaxed selection for locomotory capacity due to 

light limitation on predator-prey interactions. However, metabolism is further 

reduced by cold temperature and is also suppressed by limitations on food supply 

in some cases (Gage and Tyler, 1991). These metabolic patterns hold true to 

varying degrees for all phyla and regions studied and extend to the deepest depths 

of the ocean (Ikeda, 1988; Torres et al., 1994; Childress, 1995). 

1.10 Food to the deep-sea 

The energy available for use by the deep-sea animals must be supplied by 

organisms in the euphotic zone, often thousands of meters above the seafloor. 

Food availability is often low and not supplied continuously. The periodic influx 

of food from the surface waters contributes to a type of seasonality in the deep-sea 

that was previously not thought to exist (Gooday, 2002). The material sinking 

from the surface water forms aggregates, termed phytodetritus, which accumulate 

on the seafloor. Patchy deposits of phytodetritus arrive on the sea floor in the late 

spring or early summer and gradually vanish throughout the summer (Gooday, 

2002). Phytodetrital layers have been observed in most regions of the deep-sea 

realm (Smith et al., 1996). The exact composition of the phytodetritus depends on 

season, geography and processes on the seafloor. The responses of benthic 

microfaunal (bacteria, protozoans) populations to the periodic influx of 

phytodetritus have been demonstrated and are fairly rapid (Gooday, 2002). 
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1.11 Threats to the deep-sea 

Deep-sea of all environments is the most remote and least well known, both to 

scientists and to the public. But this remoteness has not protected the deep sea 

from anthropogenic impacts. Wastes released anywhere on the high seas or into 

the atmosphere may rapidly sink into the abyss, to be out of sight and out of mind. 

Invisible and visible wastes penetrate this vast volume of water from a variety of 

sources and via different paths. Since most species require oxygen, this essential 

gas must be transported to all locales with the currents, and these same currents 

transport invisible contaminants also. These invisible substances (fallouts of 

radioactive wastes, chlorofluorocarbons, organochlorine and organotin 

compounds) travel for long distances and periods of time and may affect 

organisms many degrees of latitude and longitude away from their origin and their 

entrance to the oceans. In contrast, human intrusions into the deep-sea are already 

direct sources of environmental disturbances. These intrusions, visible and made 

with consciousness of their impact may become more numerous and more serious 

in coming years. 

Visible contaminations intentionally dumped into the deep-sea cannot be 

retrieved. Any realization that specific substances may not have and found their 

final storage at great ocean depth will inevitably come too late to redress the 

situation. Similarly, impacts occurring in the deep-sea as a consequence of mining 

mineral resources will have long-term effects. The major visible and conscious 

contaminations are, waste disposal in the deep sea, Losses of ships at sea, 

munitions, offshore installations, sewage sludge and dredge spoils, carbon 

dioxide, laying of submarine cables. 
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1.12 Resources in the deep-sea 

The deep-sea harbours living and non-living resources. The use of living 

resources started some 20 yrs ago, but recent economic development suggests that 

non-living resources could not be mined profitably for at least another 20 years. 

Living resources: During recent decades industrial fishing activities have shifted 

to greater depth, following the construction of more powerful trawlers, the 

development of highly sophisticated methods for the detection of and trawling for 

aggregated fish schools and also because of the decline of many fish stocks in 

shelf areas due to over fishing (Thiel, 2003). Deep-sea fish are long-lived, slow 

growing and very slow to recruit in the face of sustained fishing pressure, making 

most (perhaps all) of the deep-sea fisheries unsustainable over the long-term 

(Glover and Smith, 2003). Deep-sea fishing impacts not only the fish stocks but 

also the benthos and their habitat. Trawling with heavy fishing gear destroys reefs 

build by coral Lophelia pertusa (Probed et al., 1997). 

Non-Living resources: The non-living resources of the deep ocean floor are 

increasingly being turned to as an alternative to land-based resources. For 

example, offshore oil and gas reserves now constitute a major portion of overall 

energy sources (IEA, 1996); increasing demand of metals has turned the global 

attention towards the deep-sea polymetallic nodules. 

1.13 Mineral Resources 

Marine manganese nodules and crusts: Traditionally, manganese nodules have 

provided a source for much speculation about economically viable mineral 

resources in the deep ocean. Their abundance, composition, (including 

strategically valuable metals) and their occurrence as loose material lying on the 

surface of the seabed make nodules potentially attractive to future mining. 
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Manganese nodules were first dredged during the HMS Challenger Expedition in 

the Pacific Ocean in 1872-1876 (Murray, 1878; Murray and Irvine, 1895; Murray 

and Renard, 1891). The currently known distribution of manganese nodules and 

crusts on the ocean floor is based on information acquired by sidescan sonar, drill 

cores, dredged samples, seafloor photos, video camera records and direct 

observation from the submersibles. 

Manganese nodules are concentrations of iron and manganese oxides, which 

contain economically valuable concentrations of nickel, copper and cobalt 

(together, making up to 3 wt%). They range from millimeters to tens of 

centimeters in diameter and occur mainly on the deep-seafloor. The composition 

of manganese crusts varies from 15 to 31 wt% manganese, 7 to 18 wt% iron, and 

with Mn/Fe ratios ranging from 1.0 to 3.4. 

A region of special economic interest lies at 5-25° N and 210-270 °  E, in the 

central northeast Pacific Ocean between the Clipperton and Clarion fracture zones 

(Morgan, 2000). The nodules here have 30 wt% manganese, 1.5 wt% copper, 1 

wt% cobalt and 2 wt% nickel. Nodules in this region are more concentrated than 

in most other areas, with averages up to 10 kg m -2 . 

Manganese nodules, with up to 24 wt% manganese, 2.17 wt% of combined nickel 

and copper and 0.14 wt% cobalt, are found in an area in the Central Indian Ocean 

that extends from 10°S to 16°30'S and 72°E to 80°E (Jauhari and Pattan, 2000; 

Mukhopadhyay et al., 2002; Prasad, 2007). This area is identified as the Indian 

Ocean Nodule field, which has an average nodule abundance of 4.5 kg m -2 . 

Marine hydrocarbon deposits: Generally, large quantities of hydrocarbons can 

be formed at depths within sedimentary sequences greater than 1000-2000 meters. 

Formation of exploitable reservoirs of hydrocarbons requires migration (from 

their source rocks) to geological traps comprising a porous reservoir rocks 
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overlain by an impermeable horizon. Common geological traps for hydrocarbons 

include shales, salt domes (evaporites), and anticlinal folds of permeable and non-

permeable strata. In addition to liquid hydrocarbons, natural gas is also common. 

Sedimentary sequences in excess of 1000 m thick in areas of high-heat flow, 

comprising organic-rich layers overlain by porous rocks that are in turn overlain 

by domed impermeable strata provide ideal environments for hydrocarbon 

formation and retention. However, offshore hydrocarbon resources may be ten 

times larger, in which case they are likely to provide the majority of future 

hydrocarbon production (IEA, 1996). 

Marine gas hydrate deposits: Gas hydrate is a crystalline compound composed 

of gas molecules, normally methane, en-caged within water molecules to form a 

solid similar to ice (Kvenvolden, 1993). This gas was discovered recently and it 

may become an important energy resource in future. Methane occurs in the 

oceans as a compound with water, and in the deep-sea due to the high pressure 

and low temperature this compound exists in the form of a solid ice. On 

dissociation, solid hydrate yields approximately 164 times its own volume of 

methane gas at standard atmospheric pressure and temperature. 

Phosphorites: Most marine phosphorites occur on the continental shelves, but 

other deposits have been found on the upper reaches of the deep-sea, on the 

continental slopes and seamounts (Burnett et al., 1987). Phosphorites occur as 

nodules, grains, conglomerates and crusts. 

1.14 Environmental forcing factors 

Current international regulations prohibit deep-sea dumping of structures (e.g., 

drilling platforms), radioactive waste and munitions. Future disposal activities 

that could be significant by 2025 include deep ocean sequestration of CO2, 

sewage-sludge emplacement and dredge-spoil disposal. Oil and gas exploitation 
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has begun, and will continue, in deep water, creating significant localized impacts 

resulting mainly from accumulation of contaminated drill cuttings. Marine 

mineral extraction, in particular manganese nodule mining, represents one of the 

most significant conservation challenges in the deep sea. The vast spatial scales 

planned for nodule mining dwarf other potential direct human impacts. Nodule-

mining disturbance will likely affect tens to hundreds of thousands of square 

kilometers with ecosystem recovery requiring many decades to millions of years 

(e.g., for nodule regrowth). Our limited knowledge of the taxonomy, species 

structure, biogeography and basic natural history of deep-sea animals prevents 

accurate assessment of the risk of species extinctions from large-scale mining and 

other human threats (Glover and Smith, 2003). 

1.15 Deep-sea sampling and identification problems 

Some problems plague deep-sea research chronically. Foremost among these is 

that the data on deep-sea species are limited because we are unable to sample 

them freely. Collecting deep-sea animals is time consuming and expensive 

(Menzies et al., 1973). Researchers are thus forced to work with limited numbers 

of small samples, all too often taken in intervals of time and space that are 

inappropriate for answering evolutionary questions. For example, a major 

monograph on deep-sea isopods was based on only 97 specimens collected at 

widely separated localities around the globe (Wolff, 1962). According to Rowe 

and Sibuet (1983), unfavorable nature of our own environment - high and variable 

temperature, low pressure — are also a major obstacle in the understanding of the 

behavior and ecology of deep-sea animals. Many deep-sea systematics have never 

seen specimens of their specialty group in their natural habitats, except for an 

occasional rare photograph if the animals are big enough. Due to the variation in 

pressure in the natural environment and on board ship, the soft-bodied organisms 

(polychaetes, oligochaetes ect.) are usually damaged or in bad condition by the 

time they reach the systematics. Also due to the low density of the deep-sea 
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organisms, usually one or few representatives of a particular species are obtained 

in the samples. This poses a major difficulty in identification of the organisms to 

the species level. 

1.16 Exploitation of living resources in the Indian Ocean 

Though commercial mining of non living resources have not been initiated in 

Indian Ocean, around two decades ago fishing practices have been started in this 

area. Commercial tuna fishing operations began in the Indian Ocean in 1995. 

Encouraged by their success, many other fishing companies sent their fishing 

boats to the Indian Ocean. The main targeted tuna species are bigeye tuna, 

yellowfin tuna and swordfish. The total catch of tunas and billfishes was around 

93,000-110,000 MT from 1992 to 1999 except the relatively high catch in 1993 

(Norungee and Munbodh, 1999). 

South-west Indian Ocean where a high seas fishery for Orange Roughy and 

Alfonsino on the Madagascar Ridge has operated since 1998; and the Southern 

Ocean where countries including Argentina, Australia, Chile, France, South 

Africa, Spain, the United Kingdom, Uruguay and the Ukraine fish for deep-sea 

species, particularly Patagonian Toothfish Dissostichus eleginoides in both 

exclusive economic zones (EEZs) and on the high seas. Total catch of Orange 

roughy from the eastern Indian Ocean is reported at just under 2000t over the 

peak period of the fishery in 2000 and 2001. The bottom trawling is now the 

single biggest threat to deep-sea life and urgent action is needed to ensure its 

survival (Morgan et al., 2005). 

1.17 Importance of present study 

Considering the fact that Indian Ocean is least studied as compared to Atlantic 

and Pacific Ocean in terms of deep-sea biology and taxonomy, the present study 
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was undertaken in the Central Indian Ocean Basin (CIOB). It is aimed to provide 

a baseline data on the density, distribution and biomass of macrofauna. Study on 

macrofauna in the Indian Ocean is confined to group level (Parulekar et al., 1982, 

1992; Ingole et al., 2000, 2001, Ingole, 2003; Ingole et al., 2005 a,b). Hence this 

is the first study, which provides the macrofaunal data upto family/genus/species 

level. The documentation of the deep-sea biodiversity will be useful in 

understanding the global species distribution and their role in different habitat. In 

addition, the present study will provide a baseline data on the biodiversity aspects 

of macrofauna in the abyssal Indian Ocean. 

1.18 Objectives of the present study 

Macrofaunal community structure in the Central Indian Ocean Basin (CIOB) 

• To investigate the vertical and lateral distribution of macrofauna 

• Distribution of macrobenthic biomass in the CIOB 

• To identify the dominant macrobenthic communities and their role in the 

benthic food chain 

• To examine the relationship between food availability and benthic 

abundance 

• To study the temporal variation of macrofauna 

• What is the influence of sieve size on macrofauna? 
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Literature review 

2.1 Deep-sea diversity 

The high diversity of most deep-sea communities is well known (Gage and Tyler, 

1991; Grassle and Maciolek, 1992; Boucher and Lambshead, 1995; Gage, 1996). 

As additional samples are taken, new species are found with no signs of species 

number reaching an asymptote (Gage, 1996). Many studies during the last 80 year 

stimulated by the debate on deep-sea faunal diversity and its comparison to other 

marine and terrestrial environments, have contributed to a better understanding of 

processes maintaining deep-sea diversity and have provided evidence of 

geographical variations in bathymetric diversity patterns (Rex, 1983; Grassle and 

Morse-Porteous, 1987; Thistle et al., 1991; Lambshead et al., 1995; Paterson and 

Lambshead, 1995). Studies of different regions have provided evidence of new 

parameters likely to maintain high faunal diversity, such as predators 

indiscriminately cropping infauna (Dayton and Hessler, 1971), interspecific 

competition (Rex, 1983; Etter and Rex, 1990), physical disturbance and patch 

dynamics with biological interactions (Jumars and Eckman, 1983), or sediment 

diversity (Etter and Grassle, 1992). 

One of the main questions in the deep-sea is — how is it that relatively large 

numbers of species are able to co-exist at a particular location in the deep-sea? 

(Gage and Tyler, 1991; Grant, 2000). Equilibrium explanations suggest that the 

high stability here allows ecologically specialized species to co-exist without 

competitive exclusion occurring. For example, the ecological part of Sanders 

(1968), stability time hypothesis envisages that environmental stability over long 

periods of time has permitted extensive niche diversification. Animals could for 

example, specialize in particular types of food, or biogenic structures such as 

animal tubes, burrows and foraminifera tests may create small-scale habitat 

heterogeneity and consequently increase the number of available niches (Jumars, 

1975; Grassle, 1989). Some evidence favors the habitat heterogeneity hypothesis 

(Gage, 1996) wherein, biogenic structures do persist for relatively long periods in 
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the deep-sea and some species are apparently associated with particular types of 

biogenic structure. 

Rex (1983), has discussed deep-sea diversity in terms of Huston's (1979) model, 

suggesting that occasional disturbance prevents competitive exclusion. When 

population growth rates are low, only relatively little disturbance is necessary to 

preserve diversity in Hustons model. Grassle (1989), adopts what is in effect a 

combination of habitat heterogeneity and intermediate disturbance explanations. 

He suggests, that diversity may be maintained by a combination of moderate 

spatial and temporal heterogeneity caused by process such as bioturbation, food 

falls and seasonal deposition of marine snow. 

Under the conditions of low food supply in the deep-sea, however, we would 

expect individuals to eat anything edible that they encounter. The selection of 

individual particles would then be more important as a mechanism to allow 

individuals to select high-value items from the sediment rather than a route 

leading to specialization by a species in a particular type of particle. The small 
+MIR 

size of many deep-sea species may allow them to select individual particles rather 

than behaving as unselective deposit feeders (Jumar et al., 1990). 

In the deep-sea environment, specialist carnivores become increasingly scarce 

with depth, presumably because of the decreasing food supply (Gage and Tyler, 

1991). This may enhance diversity. If small infaunal and epibenthic carnivores 

were common in the deep-sea they might eliminate the rarer species much like on 

the mudflats (Reise, 1985). 

2.2 Latitudinal gradients 

Latitudinal species diversity has been recently detected in the deep-sea (Rex et al., 

1993; Poore and Wilson, 1993; Stuart and Rex, 1994; Rex et al., 1997; Wilson, 
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1998; Lambshead et al., 2000). Rex et al. (1993), observed a poleward decrease in 

diversity in isopods, gastropods and bivalves in the North Atlantic and Norwegian 

Sea. Patterns for taxa in the South Atlantic remain uncertain because it has been 

less well sampled (Stuart et al., 2003). In the south Atlantic, mollusks show a 

weak, but still significant, decrease in diversity towards higher latitude. However, 

isopods show no significant pattern and seem to reach maximum diversity at 

temperate latitudes. There appears to be strong interregional variation in diversity 

in the south Atlantic. 

Levels of diversity for isopods, gastropods and bivalves in the Weddell Sea were 

similar to those reported by Rex et al. (1993), for the tropical Atlantic, implying 

that no latitudinal gradient existed in the South Atlantic (Brey et al., 1994). Until 

consistent sampling is carried out over a longer latitudinal range, large-scale 

geographic patterns of diversity for the macrofauna in the deep South Atlantic 

remain unclear. Lambshead et al. (2000), reported an increase in nematode 

diversity from 13 °  N to 56°  N in the North Atlantic and Caribbean Sea, but this 

appears to be a sampling artifact (Rex et al., 2001). 

In deep-sea ecology, diversity is typically estimated by normalizing the number of 

species collected in samples to a common number of individuals. This 

normalizing approach is called rarefaction, and the expected number of species is 

symbolized as E(Sn) (Sanders, 1968; Hurlbert, 1971). E(Sn) is influenced by both 

the number of species and the evenness of the distribution of individuals among 

species. 

Rex et al. (2000), examined latitudinal patterns for isopods, gastropods and 

bivalves in the North Atlantic by using the Shannon-Wiener information function 

(H') as diversity measure (Magurran, 1988). H' is highly correlated with E(Sn), 

the most commonly used expression of deep-sea diversity (Grassle and Maciolek, 
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1992). Like E(Sn), H' is affected both by the number of species (S) and by the 

evenness (J). 

Large-scale patterns of deep-sea species diversity and latitudinal gradients are 

related to the rate and seasonal pattern of nutrient input from overhead production 

(Rex, 1981; Rex et al., 1993, 1997, 2000). In the North Atlantic, latitudinal 

gradients of deep-sea diversity correspond to a poleward increase in the annual 

rate and seasonality of surface production in North Atlantic (Campbell and Aarup, 

1992; Sathyendranath et al., 1995; Falkowski et al., 1998). 

2.3 Abundance of macrofauna 

Sibuet et al., (1984) estimated the density and biomass of macrofauna from two 

locations in the western Equatorial Atlantic Ocean (4400 and 4800 m water depth, 

with mean density of 236 and 493 no.m -2). These values were similar to those 

obtained in Venezuela Basin. The biomass values were 28 and 78 mg dry wt m 2 . 

Thistle et al. (1985), data on density of macrofauna from a high energy 

environment (HEBBLE site) on the Nova Scotia continental rise (4626 m water 

depth) was 2215 no.m2 . Here the macrofaunal assemblages are dominated by 2 

species of ampharetid polychaetes (60% of individuals collected). 

Similar study carried out in Puerto Rico Trench (8371-8376 m) showed that, the 

region had a depauerate benthic assemblage (Richardson et al., 1995). Three 0.25 

m2  box cores collecting macrofauna (<297 pm) collected only 21 specimens (=28 

no.m-2) belonging to 13 species with a biomass of only 0.079 g wet wt M-2  

(Richardson et al., 1995). Polychaetes and tanaids accounted for 54% of the 

individual and 96% of the wet biomass. The faunal values for the Puerto Rico 

Trench are among the lowest reported for abyssal or hadal environments. This 
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could be due to low food flux and poor nutrient value (0.74% Org. C) of the food 

supply or disturbance by turbidity flows. 

Data obtained for the Rockall Trough from two permanent stations, one situated 

at 2200 m and other at 2900 m shows that the mean standing crop of macrofauna 

(<420 um), sampled using replicate 0.25 m 2  box cores was 1716 no.m -2, with a 

wet weight of 14.92 g rif2  (Gage, 1979). Polychaetes (59.1%) were the dominant 

taxon followed by tanaids (103%), bivalves (10.1%), isopods (4.4%), scaphopods 

(3.9%), amphipods (3.3%) and nemertines (3.3%). 

In the Cape Verde Abyssal plain, the macrofaunal densities were very low (88 

no.m2) with 59% polychaetes (Sibuet et al., 1993). Polychaetes were the only 

macrofaunal group to have been studied in detail in the Atlantic Ocean. Peterson 

et al. (1994 a,b), compared polychaete populations at sites on 3 Northeast Atlantic 

abyssal plains (Porcupine, Madeira, Tagus) with those from other regions in the 

Atlantic and Pacific oceans. Polychaetes were the most abundant on the Porcupine 

abyssal plain (PAP; 302 no.m2) than on the Tagus abyssal plain (TAP; 169 no.m" 
2
) and Madeira abyssal plain (MAP; 178 no.m 2), these densities represented 35%, 

58% and 49% of the macofaunal taxa. The PAP yielded 32 species, and the TAP 

only 11 species of polychaetes. The 5 most abundant families on the PAP were 

the Spionidae (25%), Cirratulidae (22%), Sabellidae (10%), Ophellidae (8%) and 

Paraonidae (8%); on the Tagus abyssal plain, the Cirratulidae (24%), Spionidae 

(17%), Pilargidae (11%), Ophellidae (11%) and Paraonidae (9%). On the Madeira 

abyssal plain, the Sabellidae (24%), Flabelligeridae (20%), Paraonidae (16%), 

Spionidae (8%) and Pisionidae (6%) were the most dominant. Rarefaction curves 

indicated that family richness was higher on the PAP and the TAP than on the 

MAP. 

Based on a single 0.25 m 2  box core sample, Jumar and Hessler (1976), found a 

dense, low diversity macrofaunal assemblage at a depth of 7298 m on the central 
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axis assemblage of the Aleutian Trench. The macrofaunal density was 128 no.m -2 . 

As in most deep-sea settings, polychaetes dominated the macrofaunal (49%), with 

tanaids and bivalves also relatively abundant. In the Aleutian Trench, macrofauna 

sampled by Jumars and Hesslers (1976), the polychaetes were unusually 

dominated by mobile surface deposit feeders, and species diversity as measured 

by rarefaction was remarkably low. 

Based on 0.25 m2  box core samples collected from 5 areas in the Angola basin, 

Kroncke and Ttirkay (2003) reported, a total of 58 taxa on class and family level 

in the 5 areas (0.5 mm sieve). The mean macrofaunal densities was 73 no.0.25m 2 

 and mean biomass value was 341 mg wet wt. Polychaetes were the dominant 

fauna (52%), followed by nematode (14%) and porifera (6%). Kroncke et al. 

(2003), reported the macrofaunal density in the abyssal Mediterranean which, 

varied between 38.5-80 no.0.25 m -2  (0.5 mm mesh sieve), and the biomass ranged 

between 2-94 mg wet wt. Polychaetes and nematodes dominated the macrofaunal 

community in their study. 

Glover et al. (2002), extensively studied 2 areas in the Pacific, the Equatorial 

Pacific (4300— 4900 m water depth) and Clarion and Clipperton fracture zones 

(CCFZ) (1500-5100 m water depth). The CCFZ was intensively studied as a part 

of the Deep Ocean Mining Environment Study (DOMES: 8 °27' N and 150 °47' 

W; Piper and Blueford 1982), the ECHO 1 expedition (14 °40' N and 126°25' W; 

Wilson and Hessler 1987) and the Preservational Reserve area (PRA: 12057' N 

and 128 °19' W) study (Wilson 1990, 1992). In the Equatorial Pacific region, the 

density of macrofauna ranged from 13-84 no.0.25 m -2  and in the CCFZ the 

density ranged between 16-65 no. 0.25m -2, DOMES (16 no.0.25 m-2), PRA (65 

no.0.25m-2) and ECHO (42 no.0.25 m -2). In the CCFZ, 183 species of polychaetes 

were recorded from 19.25 m 2  and 177 species from 2.94 m2  area at Equatorial 

Pacific region. The 5 most abundant species in the ECHO 1 area are Spionidae 

(31.7%), Cirratulidae (11%), Paraonidae (8.5%), Flabelligeridae (6.6%) and 
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Sabellidae (5.5%), on the PRA Spionidae (19.7%) was the dominant polychaete 

followed by Paraonidae (15.2%), Cirratulidae (14.9%), Sabellidae (11.4%) and 

Ophellidae (6.9%) and on the DOMES, Spionidae (19.3%), Paraonidae (13.6%), 

Cirratulidae (12.4%), Syllidae (10.9%) and Flabelligeridae (6.1%) were the 

dominant polychaetes. 

Studies of macrofauna from abyssal Indian Ocean are restricted to work done by 

Parulekar et al. (1982), (1992); Ingole et al. (1992), (2001); Ingole (2003); Ingole 

et al. (2005 a,b). Western and Central Indian Ocean in the depth range of 1500 m 

to 6000 m have abundant biota but low species diversity. Macrofaunal densities 

ranged from 92-462 no.m-2  and biomass ranges from 0.47-13.32 g 111-2  (Parulekar 

et al., 1982, 1992). The macrofauna is dominated by polychaetes (41.6%), 

followed by crustaceans (31.7%), ophiuroids (12.2%), echiura and bryozoa 

(9.7%) and mollusk (4.8%). Macrofauna density from the manganese nodule 

areas of CIOB (depth 3000-4000 m) ranged from 8-64 no.m -2  generally 

dominated by polychaetes (Sharma et al., 1997). Investigation in the same area by 

Pavithran and Ingole (2005) reported the macrobenthic density ranging from 22-

132 no.m.2  with the dominance of polychaetes. 

It has been suggested that, the supply of organic material to the abyssal plains of 

the deep Indian Ocean results from deep-water circulation transporting organic 

matter from the shelf and slope to abyssal depths (Parulekar et al., 1982; Ingole, 

2003). It is possible to find terrestrial debris at depths of 4500 m in the abyssal 

Central Ocean (Parulekar et al., 1982). 

Macrobenthic abundance in the vicinity of spreading ridge environment in the 

Central Indian Ocean varied from 30-1430 no.m -2  and biomass varied from 0.11-

12.75 g wet wt 111-2  (Ingole, 2003). Polychaete was the dominant group in terms of 

number of individuals contributing over 33% to the total macrofaunal population, 

followed by crustacean (23%) [Amphipods (7.11%), isopods (5.33%), ostracods 
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(4.03%) and harpaticoid copepods (3.76%), paracaridean shrimps (0.87%), 

decapods (0.79%), cumaceans (0.64%), brachyuran crabs (0.33%), pagurid crabs 

(0.15%), tanaidacea (0.11%)] gastropods and bivalves (15%), brachiopoda (1%), 

echiuridae (1%), nemertine (1%), echinoderms (4%), oligochaete (4%), nematode 

(4%), protozoan (5%) and miscellaneous taxa (7%). 

2.4 Vertical distribution of macrofauna 

The importance of the upper sediment layer for benthic metazoa is stressed in 

many publications. Flach and Heip (1996), described an interesting vertical 

colonization pattern for a transect of stations on the continental slope of the 

Goban Spur area (OMEX transect, North Atlantic; 100-4400 m). Most of the 

macrofauna was found in the upper 1 cm (40-80%), with a relatively lower 

proportion of animals colonizing the uppermost sediment layer at the shallow and 

deep stations and a higher proportion of organisms close to the sediment surface 

at intermediate depths. At their deeper stations (3670 and 4400 m), 80% of both 

the total macrofauna and the polychaete was concentrated in the upper 5 cm of the 

sediment and between 40 and 50% of the organisms were found in the surface 

sediment layer (0-1 cm). More crustaceans than polychaetes lived in the 

uppermost centimeter, 40-80% of crustacean biomass was found in the surface 

layer, only approximately 10% of polychaete biomass was assembled there and 

30-60% occurred below 5 cm. 

The distribution of macrofauna in the Southern, Northern and Central Arabian Sea 

was restricted to upper 10 cm (Witte, 2000). In the Western Arabian Sea, 

macrofaunal communities were found down to 20 cm depth and macrofauna was 

more evenly distributed (Witte, 2000). 

Ingole et al. (2001, 2005a), studied the vertical distribution of macrofauna in the 

Central Indian Ocean Basin. Majority of the benthic animals were concentrated in 
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the upper 0-5 cm, with maximum density (61%) in the top 0-2 cm layer. Only 

polychaetes and bivalves were recorded in the deeper layers (10-20 cm), whereas 

crustaceans were restricted to the top 5 cm layers of the sediment. The most 

interesting feature of their study was the availability of fauna below 30-35 cm 

sediment depth. 

2.5 Fate of Phytodetritus pulse at abyssal seafloor 

Arrival of organic matter as seasonal pulses of large detrital aggregates on the sea 

floor has been monitored with time-lapse cameras (Lampitt, 1985; Rice et al., 

1986; Smith et al., 1993, 1994; Bett et al., 2001). The response of the community 

to such enrichments from the surface has been inferred from analyzing sediment 

samples taken via remote coring from the ship. 

Phytodetritus is assumed to play an important role in the nutrition of deep-sea 

organisms, and this may be enhanced by the presence of bacteria and their 

biochemical transformation of the material (Thiel et al., 1989). Large deposit 

feeding invertebrates were attracted to detrital patches and some holothurian 

species feed readily on this material (Billette et al., 1983, 1988). It is likely that 

mineralization of fresh phytodetritus at the sediment surface as well as 

incorporation of detrital components into the sediments occur parallel (Thiel et 

al., 1989). In the incubation experiments under simulated insitu conditions carried 

out by Thiel et al. (1989), rapid degradation of phytodetritus by heterotrophic 

bacteria was observed. Approximately 1.8% of detrital POC was dissipated per 

day by microbial action (Lochte and Turley, 1988). This breakdown of 

phytodetritus as well as conversion of recalcitrant organic molecules to more 

easily degradable components may therefore be an important pathway for the 

final consumption of the material. There is an increase in bacterial numbers 

within the sediment during the time of phytodetritus deposition indicating the 

benthic response to increased matter input (Thiel et al., 1989). Organisms that 
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invade the detrital mass or developed within it, as observed for foraminifers 

(Gooday, 1988); nematodes, bacteria and flagellates (Lochte and Turley, 1988; 

Turley et al., 1988), increase the proportion of cellular carbon. Thus, not all 

organic matter within the phytodetritus is of surface water origin, but may have 

contributed by deep-sea organisms. 

Bacteria usually dominate benthic biomass in deep-sea sediments, and are thought 

to be the primary agents of benthic carbon remineralization (Rowe et al., 1991; 

Turley, 2000). A typical bacterial extracellular enzyme for the degradation of 

phytodetritus carbohydrates is 13 glucosidase. It generally has a low activity in 

deep-sea sediments, and is substrate inducible- for example, by addition of plant 

detritus (Boetius and Lochte, 1996). Other than bacteria, foraminifers and 

multicellular organisms can ingest fresh phytodetritus directly. In the 13C study 

carried by Witte et al. (2003a), it is observed that macrofauna in particular, gained 

immediate access to the phytodetritus. After 2.5 days of the initiation of the 

experiment, isotopic signature revealed that 77% of the organisms had ingested 

13C labeled organic material. For total macrofauna, labeling was high throughout 

the experiments, but varied considerably between the different taxa (Aberle and 

Witte, 2003). Macrofauna in the 5-10 cm layer became labeled within days and 

meiofauna (nematode) at 2-5 cm depth within weeks. Despite their low 

significance in terms of biomass (<5%) macrofauna initially dominated the 

benthic material processing. This implies that a large fraction of the material is 

passed through the gut system of a large animal, where its composition is altered, 

before it becomes available for other (micro) organisms. Multicellular organisms 

initially out compete bacteria owing to their higher capacity for directed 

movement, and their ability to structure the sediment, and the advantage of 

internal digestion. In the abyssal plain sediment 6 mg C ni 2  is processed within 

1.5 days. In the experimental study carried out by Witte et al. (2003a), at abyssal 

depths of PAP, 1 g C 111-2  was processed within 23 days. This suggests that a larg 

phytodetritus pulse could sustain the elevated levels of activity for long perio 
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(at least several months). This is long enough for many deep-sea organisms to 

complete their reproductive cycles, which might be synchronized with or 

triggered by sedimentation events (Tyler, 1988; Rowe et al., 1991). 

2.6 Deep-sea experimental studies 

The deep-sea has received broad attention in the recent years, a recognition that it 

is the largest, continuous ecological unit on earth. It is also of all environments, 

the most remote and least well known; both to scientists and to the public. 

In February 1873 the British HMS Challenger dredged the first manganese nodule 

in the Atlantic Ocean (Murray and Renard, 1891). About 90 years later these 

nodules advanced from being an unutilized ore to become a resource for precious 

metals (Mero, 1965), and after 100 years they developed into tough units to be 

cracked during the negotiations from 1973 — 1982 for the new Laws of the Seas, 

and until it entered into force in 1994. 

Deep-sea mining has been considered only for polymetallic nodules and 

metalliferous muds, and therefore techniques have been developed and tested only 

for these two resources. 

An essential characteristic of all mining activities in the ocean is their large scale 

in nature. Economic feasibility determines all aspects: the amount of ore to be 

mined per unit time, the area of seafloor disturbed by mining, the extent of 

sediment plumes and finally the scope of research. 

Since polymetallic nodules have been seriously considered as a mining resource, 

the environment has been taken into account. Evaluation of the environmental 

impact mining in the deep-sea is a major challenge to ecological research. 

Ecological knowledge is not sufficient and precautionary research must 
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specifically consider the scale of impact (Thiel, 1992). Already in 1970, the first 

pre-pilot mining test on the Blake Plateau of the Atlantic Ocean was monitored to 

evaluate the consequences of potential commercial mining (Amos et al., 1972; 

Roels et al., 1972; Amos et al., 1973; Roels et al., 1973; Roels, 1974; Amos and 

Roels, 1977). 

Two extensive environmental programmes were conducted in the seventies in 

conjunction with pre-pilot mining tests. The first accompanied the pre-pilot 

mining tests of Ocean Management; Inc. (Burns et al., 1980) and Ocean Mining 

Associates (Ozturgut et al., 1980) in a programme named DOMES (Deep Ocean 

Mining Environmental Study) conducted in the Clarion-Clipperton Fracture Zone 

of the northeastern Pacific Ocean. This broad oceanographic programme 

concluded that, mining would not result in harmful effects on the environment, 

but some of the authors (Lavelle et al., 1981; Lavelle and Ozturgut, 1981; Jumars, 

1981; Ozturgut et al., 1981) expressed concern about the discrepancy of scale 

between the test and commercial mining (Thiel, 1991). 

The general approach of DOMES applied standard methods of oceanography and 

obtained valuable sets of data on the Pacific Ocean, but the main result of these 

studies was the realization that the data set did not allow predictions of impact. 

The studied conducted and the results achieved are not appropriate to the large-

scale intrusion anticipated by the mining industry. 

In the year 1988, a long term and large scale in situ experiment was started in the 

South Pacific to predict the large scale impacts of mining polymetallic nodules. 

This project was known under the acronym DISCOL (DISturbance and 

reCOLonization of a manganese nodule area in the South Pacific), where an area 

of nearly 11 km2  was disturbed by ploughing the nodules into the sediment and 

churning the sediment layers. A long-term study of 7 years with the time gap of 

0.5, 3 and 7 years was conducted which indicated that, after 7 years, the 
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ploughing tracks were still visible (Borowski, 2001). The disturbance may reach 

deeper into the sediment. The relatively food-rich surface layer is mixed with 

deeper food-poor sediment, and the oxygen distribution may be changed (Konig 

et al., 1997). In addition to the disturbance by the collector system, 

resedimentation of the plume created by the mining occurs in the near field. 

Lumps and aggregates sink back to the seafloor most probably in the mined area, 

and some fine particulate matter will drift for longer distances (Zieltce et al., 

1995; Jankowski et al., 1996; Segschneider and Sundermann, 1997). A permanent 

alteration in the faunal composition of all size classes was observed. Megafauna 

showed a strong increase in numbers after three years, outside the physically 

disturbed tracks, whereas undisturbed regions outside the experimental area 

showed rather constant megafauna densities throughout the study period (Bluhm, 

1993; Bluhm et al., 1995; Schriever et al., 1997). The macrofauna recovered 

slowly after a rapid increase in abundance in the initial post-impact phase (0.5 

years), but the various dominant taxa behaved differently. A rapid recovery was 

observed for isopods and tanaids, while a significant affect was observed for 

polychaetes abundance in the disturbed sediment, even after 3 years. The 

abundance of the subsurface deposit feeding polychaetes in the disturbed samples 

was still significantly reduced as is typical for recolonization stages (Rhoads and 

Boyer, 1982; Probed, 1984). While after 7 years, the densities of most taxa in the 

disturbed samples had increased to the levels in undisturbed sediments, those of 

bivalves behaved differently, their abundance also increased initially, but in the 

later phase decreased again, following medium densities after 0.5 and 3 years. 

A slight increase above baseline values from the post impact study was observed 

for meiofauna after 0.5 years. A loss of 8% and 16% nematodes and harpacticoids 

respectively was reported immediately after disturbance. After 7 years, the 

nematode abundance was near the baseline values (Schriever et al., 1997). 
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Deep-sea benthic impact experiments other than DISCOL are: 

Acronym Name of the 
Experiment 

Organization Year 	of 
disturbance 

Tracks 
(no.) 

Benthic 
impact 

BIE 
Benthic 
impact 

experiment 

National 
Oceanographic 

and 
atmospheric 

administration 
(NOAA) 
(USA) 

1993 49 
Significant 
reduction in 
nematodes 

JET 
Japan deep- 
sea impact 
experiment 

Metal mining 
agency of 

Japan 
1994 19 

Decrease in 
nematodes 

IOM-BIE 

Inter ocean 
metal 

Benthic 
impact 

experiment 

Inter ocean 
metal Joint 

organization, 
Poland 

1995 14 

No 
significant 
change in 
meiofauna 

INDEX 

Indian 
Deep-sea 

Environment 
experiment 

National 
Institute of 

Oceanography, 
Goa, India 

1997 26 

Significant 
decrease in 
meio- and 

macrofaunal 
density 

In the BIE, nine months after the disturbance, nematodes were significantly 

reduced in the sediment redeposition area. Macrofaunal diversity was unchanged, 

but two families (one polychaete and one isopod) were strongly affected 

(Trueblood and Ozturgut, 1997). 

In the JET experiment, meiofauna was strongly reduced by the disturbance, and 

persisted one year later. The dominant nematodes seemed to be responsible for 

this decrease. The harpacticoids, on the other hand, did not show any effect 

immediately after disturbance, and had increased in number 12 months later. 

Preliminary results from IOM-BIE were presented by Radziejewska (1997) and 

Radziejewska et al., (2001 a,b). No significant change was detected in meiofauna 
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abundance following the disturbance, but the absence of short-term effect may 

mask a later reaction (Schriever, 1995; Foell et al., 1997), probably because of the 

disrupted sediment surface layer where fauna is concentrated. 

In the INDEX experiment, colonization of deep-sea (5000-5500 m depths) 

metazoan meio- and macrofaunal assemblages (in terms of abundance and 

community structure) was investigated in the Central Indian Ocean Basin (CIOB), 

immediately after and also 44 months after a benthic disturbance experiment 

(Ingole et al., 1999; 2000; 2001, 2005a,b). The abundance of nematodes, which 

normally dominate the deep-sea meiofauna, was reduced by 50% (p<0.001) in 

post disturbance. The density of meiofauna was generally low during the 

monitoring phase and varied moderately inside and outside the test area 

(experimental site, Ingole et al., 2005a). The density values ranged from 8 and 52 

no.10cm2  in the impacted area. There was steady buildup in nematode population 

in the test area between the experiment and the monitoring observations 44 

months later, as compared to other metazoan density. Meiofauna were vertically 

recorded down to the 30-35 cm sediment layer during the monitoring. Although, 

the bulk of meiofauna (80%) occurred in the top 20 cm sediment layer of the 

reference area, only 16% of the fauna was observed above 0-2 cm. On the 

contrary, >30% metazoan population occurred in the 0-2 cm section in the test 

area (Ingole et al., 2005a,b). 

In the INDEX study, the average macrofaunal density recorded down to a 

sediment depth of 40 cm ranged from 89 to 799 ind.m 2  and 178-1066 ind.m -2  in 

the test and reference area, respectively (Ingole et al., 2005a). This was the first 

kind of investigation where vertical distribution of the fauna was traced down to a 

sediment depth of 40 cm (Ingole et al., 2005a,b). Most of the macrobenthic 

animals (64%) were concentrated in the upper 0 to 2 cm sediment layers, whereas, 

sizeable fauna (6%) inhabited the 20-40 cm sediment section and the deepest 

section (35-40 cm) contributed only about 2% to the total population density. The 
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fauna, comprised of 12 groups, and was dominated by the nematodes, which 

constituted 54% of the total population. The macrofaunal density in the test site 

showed a significant increase (mean: 400 ind.m -2) in the 44 months post 

disturbance sampling (mean: 320 ind.m .2). The population of nematodes and 

oligochaetes was nearly restored after 44 months, but the polychaetes and 

crustaceans did not reach the baseline numbers measured in June 1997. The top 

0-2 cm sediment layer was severely affected by the disturber, and the study 

suggests that physically disturbed deep-sea macrofauna may require a longer 

period for restoration and resettlement than normally believed. 

All impact studies need a sound basis against which impacts originating from 

experiments or commercial actions may be assessed. Collecting such information 

demands considerable effort, which must therefore be concentrated as the most 

important questions. 
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Materials & Methods 

3.1 Study area 

The Indian Ocean, including adjacent seas (Arabian Sea, the Bay of Bengal and 

the Southern Ocean) covers 73,426,000 km 2 , roughly one-fifth of the total world 

oceanic area. It has an average depth of 3890 m, which is approximately 

equivalent to the average world-ocean depth. The deep Indian Ocean includes 

mid-ocean ridges, abyssal plains and few deep-sea trenches. The Indian Ocean 

has very few seamounts and islands (Rogers, 1994; Ingole and Koslow, 2005), but 

contains numerous submarine plateaus and rises. 

The Indian Ocean is subdivided into a number of major basins by long sections of 

mid-ocean ridge. In the Indian Ocean, some of these ridges (the Ninety-East 

Ridge, the Mascarene Ridge and the Chagos-Laccadive Ridge) are aseismic; they 

do not appear to be sites of active sea floor spreading. Active ridges include the 

Carlsberg Ridge and the Mid-, Southwest and Southeast Indian ridges, the last 

two of which extend beyond the limits of the Indian Ocean, connecting with the 

world Mid-Ocean Ridge system. The Carlsberg Ridge lies north of the Arabian 

Basin. The abyssal Indian Ocean is divided into several smaller basins by 

meridional ridges. The West Australian Basin and the Central-Indian Basin are 

separated by the Ninety-East Ridge whilst to the west of the Mid-Indian Ridge, 

are a series of basin including the Somali, Mascarene, Madagascar and Natal 

Basin. 

Central Indian Basin (CIB) is an abyssal area bounded by the 90 °  East Ridge on 

the east, Central Indian Ridge to the west, South East Indian Ridge to the south. 

To the north, it is open towards the Indian peninsula, whereas to the northwest it 

is bounded by the Chagos-Laccadive Ridge (Fig. 3.1A). Terrigenous, siliceous 

and pelagic brown clay sediments are present in the basin (Rao and Nath, 1988; 

Nath et al., 1989). 
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3.2 Sampling 

The samples for the present study were collected onboard R.V. Akademic 

Alaxender Sidorenko (AAS-61) and R.V. Akademic Boris Petrov (ABP-04; Plate 

3.1a), in two different cruises from the Central Indian Ocean Basin (CIOB) (Fig. 

3.1B; Table 3.1). 

Cruise no. AAS-61: First set of sediment samples were collected during March-

April 2003. Sampling was carried out at one degree spacing between latitude 10° 

 and 16°  S and longitudes 73.5°  and 76.5 ° E (Fig. 3.1B). A total of 26 stations were 

sampled to study the macrofauna. 

Cruise no. ABP-04: For the second set of data, the samples were collected two 

years after the AAS-61 cruise, during April-May 05. Sediment sampling was 

carried out between latitude 10 °  and 16.1 °  S and longitudes 74.5 °  and 76.5°  E (Fig. 

3.1B). However, some of the samples during ABP-04, were at spacing of 30 

nautical miles. A total of 23 stations were sampled. To investigate the temporal 

variability, 10 stations were repeated from the AAS-61 cruise for comparision. 

3.3 Data acquisition 

Global position system (GPS) was used during both the cruises. The GPS is a 

satellite based 24 hour, all weather, and world wide positioning system, consisting 

of several navigation satellites with time and ranging (NAVSTAR) satellites in 

different orbital planes. 

The GPS consists of three segments viz., 1) Space segment 2) Ground segment 

and 3) User segment. The space segment consists of NAVSTAR satellites in orbit. 

The ground segment consists of a network of ground stations, which continuously 

update the satellites with information like time and orbital parameters. The user 
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segment is in the form of GPS receivers that receive the satellite signals. These 

signals are received as pseudo ranges and the receiver then converts these pseudo 

ranges into ranges by correcting it for time difference and other ionospheric and 

atmospheric errors. The position solution is arrived at by trilateration. A minimum 

of 3 satellites are required for a 2D position (latitude, longitude and time) and a 

minimum of 4 satellites for a 3D position (longitude, latitude, altitude and time). 

3.4 Sampling design and processing 

Sediment samples during both the cruises were collected with a 0.25 m -2  spade 

box corer (50X50X50 cm size; Plate 3.1b). All the box core operations were 

carried with a pinger to precisely monitor the descent of sampler (Plate 3.1b). The 

subsamples for macrofauna were taken with the help of a PVC core tube (12 cm 

dia. 50 cm length from each box core) and quadrant (15X15X10 cm, 3 

subsamples for each station; Plate 3.1c). The core samples were sub-sectioned at 

0-2, 2-5, 5-10, 10-15, 15-20 cm and so on through the complete core length of 

40 cm. Sub-sectioning of the core sample was done with the help of a locally 

developed core cutter (Plate 3.1d). All the sub-samples were preserved in 

neutralized 5% formalin-Rose bengal solution prepared in filtered seawater (Plate 

3.1e). These samples were later sieved using 0.5 mm and 0.3 mm stainless steel 

sieves (Plate 3.1f); the organisms retained on the sieves were collected and sorted 

group wise. 

In the AAS-61 cruise, only 0.5 mm sieve was used for separating macrofauna, 

however we found that density of organisms was low. Since, miniaturization is a 

prominent feature in the deep-sea; the 0.3 mm sieve was subsequently used during 

ABP-04 cruise, to find the percent loss with two sieve sizes. Nevertheless, the 

mesh size for deep-sea study varies between 0.25 mm to 0.5 mm. 
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3.5 Biomass estimations 

The blotted wet weight of the macrofaunal groups was measured, using Mettler 

Toleda balance (0.000001 gm precision). This data was used to estimate the total 

biomass as ash-free dry weight (AFDW) in grams using conventional conversion 

factors for each of the faunal groups. These were Polychaeta = wet weight X 

0.155, Crustacea = wet weight X 0.225, Mollusca = wet weight X 0.085, 

Echinodermata = wet weight X 0.08, miscellaneous groups including Porifera and 

Bryozoa = wet weight X 0.155 (Eleftheriou and Basford, 1989). Meiofaunal 

biomass was estimated using factors derived by Coull (1970) and McLachlan 

(1977). 

3.6 Bathymetry data 

Satellite bathymetry data for the CIOB (Fig. 3.1c) area was extracted from 

Satellite Geodesy, a website owned by Scripps Institute of Oceanography, USA. 

(http://topex.ucsd.edu/WWW_html/mar_topo.html).  

3.7 Chlorophyll 

Surface water chlorophyll (chl-a) was extracted from a polar orbiting satellite, 

AQUA that contains the MODIS (Moderate Resolution Imaging 

Spectroradiometer) sensor, an instrument that allows the continuous monitoring of 

our oceans. This is maintained by NASA Goddard Space Flight Center (NASA-

GSFC). Modis data was processed using the SEADAS (SeaWifs data Analysis 

System) software. Surface water chl-a data was taken for individual location prior 

to the sediment sampling, considering that the surface particles will take on an 

average, 40 to 48 days to reach the seabed (Lampitt and Antia, 1997). 
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3.8 Organic Carbon estimation 

Sediment organic carbon estimation was carried out using wet oxidation method 

(El Wakeel and Riley, 1957; Nath et al., 2005, 2006). 

3.9 Labile organic matter 

Air-dried sediment samples were homogenized using a motor and pestle and 

analyzed for protein and carbohydrates. 

Protein was extracted by digesting 0.5 g of sediment with 2 ml of 1N NaOH in 

water bath at 100 °  C for 5 minutes. The slurry was centrifuged and the clear 

supernatant was used for estimation of protein using Folin-phenol reagent 

(Lowry, et al., > 1951). Bovine serum albumin was used as the standard. 

Carbohydrates were estimated by phenol-sulphuric acid method using glucose as 

the standard (Kochert, 1978; Lokabharati et al., 2005, 2006). 

3.10 Bacterial count 

For total direct bacterial counts, 1 gram of sediment was suspended in 9 ml of 

sterilized seawater and vortexed for 3 minutes. 3-5 ml of this sample was fixed 

with buffered formaldehyde of final concentration 4%. The samples were stored 

at 4°C until further analysis. The fixed aliquot was briefly sonicated to free the 

bacteria attached to the sediment particles. Aliquotes of 1 ml wwere filtered over 

0.22 1.1.M pore size black nucleopore filter and stained with 0.01% aqueous 

solution of acridine orange for 3 minutes. Bacterial cells were counted using 

Nikon 80i epifluorescence microscope (Hobbie et al., 1977). Bacteria were 

counted from 10-20 microscopic fields. Total counts were experessed as Acridine 

Orange Counts (AODC) g -1  dry sediment (Lokabharati et al., 2005, 2006). 
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3.11 Sedimentological studies 

Sediments were made salt free by repeated washing with Elix Millipore distilled 

water and oven dried at 40 °  C. The sand content was determined after wet sieving 

through a 63 g sieve. The silt (63 to 70 g) and clay (< 70 g) contents were 

determined following the standard pipette analysis method (Folk, 1968; 

Valsangkar, 2005, 2006). 

3.12 Data analysis 

Subsequently, specimens were identified as far as possible under a stereoscopic 

microscope. Taxonomic identification was carried out using wide literature and 

identification keys available in NIO library as well as online identification tools 

and also by means of exchange of some specimens and photographs with experts. 

All unidentified specimens are referred to by their generic/family names and are 

considered in single taxonomic categories. Macrofaunal group diversity was 

measured with PRIMER software (Clark and Warwick, 1994) by using Shannon-

Weaver diversity (H') function, Evenness (J; Pielou, 1966), and group level 

richness (d; Margalef, 1968) was calculated based on group abundance by the 

function s-1=ln N, where s is the number of genus and N the total number of 

individual in a sample. Rarefaction curves of the expected number of species, 

E(Sn) was calculated using Hurlbert (1971) method. Rarefaction is sensitive to 

rare species, an important component of deep-sea assemblage (Grassle and 

Maciolek, 1992) and has the advantage of being robust to sample size differences. 

All the data was subjected to Shapiro-Wilks test to check for normality. 

Spearmans coefficient was used to detect significant correlations between 

parameters. For correlation purpose, extreme values in the data set were 

neglected. Non-parametric Kruskal Wallis ANOVA (Siegel, 1956) was used as a 

global significance test for difference between the total abundance of macrofauna 
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at different stations. Mann-Whitney U test and t-test were used to check for the 

differences in temporal variability. These statistical tests were carried out using 

the Statistica version 5.5 (StatSoft, 1999), and analyze it softwares supported by 

EXCEL. 

Macrofaunal data were subjected to Bray Curtis similarity index (Bray and Curtis, 

1957), which is considered the most reliable index of its kind (Bloom, 1981), 

using the PRIMER software (developed by the Plymoth Marine Laboratory, UK). 

The group average linkage technique (Clarke and Warwick, 1994) based on 

square root transformed data was used for the determination of the clusters. In 

addition, the similarity data were ordinated by multidimensional scaling (MDS) 

technique, which is considered to give the best representation of the sampling 

units in 2 dimensions (Clarke and Green, 1988). 

In addition, EXCEL, Surfer 7, Surfer 8 and GMT software was used for plotting 

of graphs, plots and analysis of data. 
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Fig. 3.1: Details of the study area 
(A): Study area: CIB (adapted from Ingole and Koslow, 2005) 
(B): Location of the sampling stations during the two cruises 
(C ): Bathymetry of the study area 

(data extracted from: http://topex.ucsd.edu/WWWhtml/martopo.html)  



Table 3.1: Details of the sampling carried out for the present study 

Latitude ( °S) Longitude (°E) Water depth (m) VesseUeruise no. Stn.no Year of sampling 
10.2 76.5 5355 AAS-61 BC-1 2003 
11.0 76.5 5320 AAS-61 BC-2 2003 
12.2 76.7 5280 AAS-61 BC-3 2003 
13.0 76.7 5360 AAS-61 BC-4 2003 
14.3 76.7 5180 AAS-61 BC-5 2003 
15.2 76.7 4980 AAS-61 BC-6 2003 
16.0 76.5 5070 AAS-61 BC-7 2003 
16.0 76.0 5010 AAS-61 BC-8 2003 
16.2 74.7 5350 AAS-61 BC-9 2003 
16.2 73.8 4900 AAS-61 BC-10 2003 
15.2 73.8 5480 AAS-61 BC-11 2003 
15.0 74.5 5390 AAS-61 BC-12 2003 
15.0 75.7 5180 AAS-61 BC-13 2003 
14.1 75.5 5145 AAS-61 BC-14 2003 
14.0 74.6 5160 AAS-61 BC-15 2003 
14.1 73.5 5120 AAS-61 BC-16 2003 
13.1 73.5 4810 AAS-61 BC-17 2003 
13.3 74.7 5050 AAS-61 BC-18 2003 
13.2 75.7 5070 AAS-61 BC-19 2003 
12.0 75.7 5200 AAS-61 BC-20 2003 
12.3 74.6 5025 AAS-61 BC-21 2003 
12.0 73.7 4900 AAS-61 BC-22 2003 
11.2 73.7 5100 AAS-61 BC-23 2003 
11.2 74.7 5050 AAS-61 BC-24 2003 
11.3 75.7 5300 AAS-61 BC-25 2003 
10.3 75.7 5290 AAS-61 BC-26 2003 
16.0 75.5 5201 ABP-04 TVBC-08 2005 
10.0 75.5 5338 ABP-04 TVBC-26 2005 
11.0 75.5 5292 ABP-04 TVBC-25 2005 
12.0 75.5 5238 ABP-04 TVBC-20 2005 
13.0 75.5 5096 ABP-04 TVBC-19 2005 
13.0 74.5 5123 ABP-04 TVBC-18 2005 
14.0 75.5 5189 ABP-04 TVBC-14 2005 
15.0 75.5 4899 ABP-04 TVBC-13 2005 
13.0 76.5 5366 ABP-04 TVBC-04 2005 
12.0 76.5 5359 ABP-04 TVBC-03 2005 
11.5 76.0 5306 ABP-04 BC-27 2005 
11.5 75.5 5266 ABP-04 BC-28 2005 
12.5 76.0 5191 ABP-04 BC-29 2005 
12.5 75.5 5180 ABP-04 BC-30 2005 
12.0 76.0 5327 ABP-04 BC-31 2005 
12.5 76.0 5324 ABP-04 BC-32 2005 
13.0 75.0 5275 ABP-04 BC-33 2005 
13.5 75.5 5225 ABP-04 BC-34 2005 
14.5 75.5 5237 ABP-04 BC-35 2005 
16.0 75.5 5028 ABP-04 BC-36 2005 
16.1 75.4 4252 ABP-04 BC-37 2005 
16.0 75.5 5693 ABP-04 BC-38 2005 
13.0 76.4  	 5682  ABP-04 BC-40 2005 
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Fig. 3.1: Sampling and processing of the sediment samples 



CHAPTER IV 

RESULTS 



Resuits 

4.1 Macrofaunal study during the March 2003 cruise 

4.1.1 Faunal composition and abundance: A total of 12 taxa were obtained 

from the 78 sub-samples taken from 26 locations in the present study. Polychaetes 

were the most diverse group with 11 species (Fig. 4.1.a), followed by nematodes 

with 5 species (Fig. 4.1.b), Tanaidacea with 3 species, isopoda with 2 species and 

Halacarida, Harpacticoida, Veneroida (bivalves), Amphipoda, Archaeogastropoda 

(gastropod), hexactinellida (glass sponge), Thoracica (cyprid larvae) and 

unidentified larval form with one species each (Fig. 4.1.c). 

Polychaetes were the highest contributor to the total macrofauna (40%) followed 

by Nematoda (15%; 5 no.m -2). The other dominant groups were the Isopoda 

(11%), Tanaidacea (10%), Halacaridae (4%) and Archaeogastropoda (2%). While 

Harpacticoida, Veneroida, Amphipoda, Hexactinellida, Thoracica and 

unidentified larval form comprised of 3% each of the total fauna. Among the 11 

polychaete species, unidentified polychaetes belonging to family Ampharetidae 

(27%) was the most dominant, followed by another unidentified species 

belonging to Ariciidae (14%) and Brada sp., (12%). Flabelligera sp., (Plate 

4.3.1G), Glycera sp., (Plate 4.3.IA), Euphrosine myrtosa (Plate 4.3.1C) and 

unidentified Eunicidae and Maldanidae constituted 7% each to the total 

polychaete community (Fig. 4.1.a). While Exogone sp., and unidentified 

Sabellidae and Spionidae constituted 4% each to the total polychaetes. 

Even though, nematodes are normally considered a meiobenthic taxa, the large 

sized (>0.5 mm) nematodes were retained on the macrobenthic mesh sieve (0.5 

mm) and hence were considered in macrofauna. As shown in figure 4.1.b, 

Leptosomatum sp., (Plate 4.3.2B), was the dominant among identified nematodes 

(24%), followed by Trileptium sp., (19%), Viscosia sp., (19%; Plate 4.3.2A), 

Adoncholaimus sp., (190%; Plate 4.3.2C), and unidentified nematodes (19%). 
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The other dominant faunal groups constituted 45% to the total faunal density. 

Among the 3 species of Tanaidacea, Leptognathia sp., (Plate 4.3.4A), constituted 

11% to the other macrofaunal groups, and 6% each was represented by Apseudes 

sp. and Collettea sp., (Fig. 4.1.c; Plate 4.3.4B). The two species of Isopoda, 

Macrostylis sp., (Plate 4.3.5B), and Haploniscus sp., (Plate 4.3.5A), contributed 

14% each to the other macrofauna in the present study (Fig. 4.1.c). While, 9% 

contribution was by Halacaridae, followed by Anatoma sp.? (4%). Amphipoda, 

Parameiropsis sp., (Plate 4.3.3A; Harpacticoida), Thyasira sp., (Veneroida), 

unidentified species of hexactinellida, Thoracica and unidentified larval form 

contributed 6% each to the other dominant macrofauna (Fig. 4.1.c). 

The total density of macrofauna ranged between 0-67 no.ni 2  among the 26 station 

distributed in the CIOB, with a mean density of 30±21sd no.m -2  (Fig. 4.1.d). The 

highest density of 67 no.m2  was obtained at stn. BC-20 and BC-26, followed by 

BC-13 (59 no.m -2). The major contributors at these stations were the polychaetes 

(44 no.m-2). In BC-13, halacaridae was dominant, whereas nematodes dominated 

in some other stations (BC-1; Fig. 4.1.d). Kruskal Wallis ANOVA showed a 

significant difference in density between the stations (H=487.3, p<0.0001, 

n=702). 

4.1.2 Faunal Biomass 

Average ash free dry weight of macrobenthos ranged between 0-3.5 mg.ni 2 

 (mean: 0.4±0.7, n=26; Table 4.1.a). The highest faunal biomass of 3.5 mg.m-2  was 

observed at stn. BC-10, followed by stn BC-14 (1.2 mg.m -2). This high density 

was due to the presence of a large Hexactinellida and Archaeogastropoda in the 

respective samples (Table 4.1.a). 

As observed in Table 4.1.a, polychaetes were the main contributors to the biomass 

during March 2003 study, with the highest percentage contributors being 
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Ampharetidae family (0.028 mg.m-2), followed by Brada sp., and Ariciidae 

family contributing a biomass of 0.018 mg.m -2  each to the total biomass (Table 

4.1.a). The lowest contributors among polychaetes were Spionidae family (0.004 

mg.m-2) and Exogone sp., (0.005 mg.m-2). Flabelligera sp., and Euphrosine 

myrtosa each contributed 0.006 mg.m -2  to the total biomass. Family Eunicidae 

contributed 0.01 mg.m -2  to the biomass, followed by Glycera sp. (0.009 mg.m -2) 

and Maldanidae (0.007 mg.m2). 

Nematodes were the second most important group with the highest biomass of 

0.01 mg.m-2 . Trileptium sp., was the major contributor (4%) to the biomass (0.003 

mg.m-2) among nematodes, followed by 0.002 mg.m -2  each by Viscosia sp., 

Adoncholaimus sp., and Leptosomatum sp. The lowest biomass was obtained for 

unidentified nematodes (0.001 mg.m -2). 

Among the 3 species of Tanaidacea, biomass values of Leptognathia sp., (0.01 

mg.m2) was the highest, followed by Apseudes sp., (0.006 mg.m -2
) and Collettea 

sp., (0.004 mg.m-2). The two isopod species, Macrostylis sp. and Haploniscus sp., 

each contributed 0.02 mg.m -2 . 

Among the other groups, contribution of sponge Hexactinellida to the total 

biomass was 0.1 mg.m2, followed by Anatoma sp.? (0.04 mg.m-2), Thyasira sp., 

(0.02 mg.m-2), unidentified invertebrate larvae (0.007 mg.m -2), Amphipoda (0.004 

mg.m-2), Parameiropsis sp., (0.003 mg.m-2), Halacaridae (0.002 mg.m-2) and 

Thoracica (0.002 mg.m -2). Significant difference of biomass was observed 

between stations (Kruskal Wallis ANOVA; H=486.7, p<0.0001, n=702). 

4.1.3 Environmental parameters, Meiofauna and Bacteria 

The sediment organic carbon ranged from 0.14 to 0.46%, with highest values 

obtained at stn. BC-5, (0.46%) and lowest at BC-6 (0.14%; Fig. 4.1.e). The 
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sediment protein content ranged from 0.2 to 1.23 mg g 4  dry wt and sediment 

carbohydrate ranged between 0.06 to 1.59 mg g' l  dry wt (Fig. 4.1.f). Surface chl-a 

ranged from 0.04 to 0.09 mg.m -3 , with highest value being at BC-14 (Table 4.1.b). 

In the study area, the percentage of clay was highest, ranging between 44 to 79% 

followed by silt (20 to 50%) and sand (0.2 to 11%; Fig. 4.1.g). 

Meiofaunal density ranged from 3 to 20 no.10cm 2 , with highest values at BC-22 

(20 no.10cm-2) and lowest at BC-4 and BC-26 (3 no.10cm' 2; Table 4.1.b). 

Similarly, the highest meiofaunal biomass were obtained at stn BC-22 (0.009 

1,1g.10cm-2) and lowest at stn. BC-7, BC-9 and BC-26 (0.001 1,1g.10cm -2), 

respectively (Table 4.1.b). Bacterial density ranged between 1.6E+07 to 6.8E+08 

no.g4  dry wt. Highest density of 6.8E+08 no.g' l  dry.wt, was obtained at stn. BC-1 

and lowest of 1.6E+07 no.g4  dry.wt was obtained at stn. BC-22 (Table 4.1.b). 

4.1.4 Structural analysis 

The H' for macrofauna ranged from 0-1.1, with highest H' values at stn. BC-26, 

BC-20, BC-3, followed by stn BC-13 (H'=1.04), and H' value of 0.7 was 

obtained for stn. BC-5, BC-6, BC-15, BC-17, BC-23, BC-24, BC-25 (Table 

4.1.b). Margalef s species richness ranged between 0-0.6, with highest values of 

0.6 at stn. BC-3 (Table 4.1.b). Evenness showed a constant value of 1 in all the 

stations where H' was more than zero (Table 4.1.b). Hulbert's expected number 

of species (E(Sn)) ranged between 1-3. E(Sn) showed highest values at stn. BC-3, 

BC-13, BC-20, BC-26 (Table 4.1.b). 

4.1.5 Cluster analysis 

The cluster analysis similarity dendrogram for macrofaunal density and biomass 

did not take into account the stations, which has density of O. Above 50% 

similarity level, 3 groups of stations were clearly distinguished for density, stn. 
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BC-22 and BC-7 (100%), stn. BC 25 and BC-17 (50%), stn. 24 and 4 (59%; Fig. 

4.1.h). The cluster analysis similarity dendrogram for biomass also showed 3 

groups above 50% similarity level. Stn. BC-22 and BC-7 showed 89% similarity. 

Stns. BC-24, BC-4, BC-26 showed 52% similarity, among these stations, stns. 

BC-24 and BC-4 were more closely similar (65%). Stn. BC-13 and BC-21 

showed a similarity of 51% (Fig. 4.1.i). 

Ordination by multidimensional scaling (MDS), based on the same similarity 

matrix, displayed a similar pattern for macrofaunal density and biomass, i.e the 

same 3 principal groups of stations were identified forming close clusters (Fig. 

4.1.j, Fig. 4.1.k). 

4.1.6 Relationship between macrofaunal community indices and sedimentary 

environment parameters 

Comparison of macrofaunal abundance between the sampling station revealed 

that faunal density was positively correlated with organic carbon content (p<0.05; 

Fig. 4.1.1), protein (p=0.05; Fig. 4.1.m), chl-a (p<0.05; Fig. 4.1.n) and faunal 

biomass (p=0.0005), (Table 4.1.c). It suggests that the density of macrofauna 

augments with increase in the water chl-a, sediment organic carbon and protein 

content. However, a significant negative correlation is observed between 

increasing latitude in the southern hemisphere with macrofauna density (p=0.05; 

Fig. 4.1.o), organic carbon (p=0.01; Fig. 4.1.p), protein (p=0.02; Fig. 4.1.q) and 

chl-a (p<0.05; Fig. 4.1.r). It indicates that, with increasing latitude south, most of 

the parameters showed a decreasing trend. Significant positive correlation was 

observed between chl-a and organic carbon (p=0.003; Fig. 4.1.$). Increase in the 

concentration of water chl-a amplifies the concentration of sediment organic 

carbon and LOM. However, water chl-a was not significantly correlated with 

sediment CHO and protein (Table 4.1.c). Silt-clay-sand (%) did not show any 
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correlation with macrofaunal density, biomass, organic carbon, protein and CHO 

(Table 4.1.c). 

Shannon H' and Margalef J was significantly correlated with faunal density, 

which is not surprising as they are considered to be intrinsically linked (Table 

4.1.c). Correlations between other environmental parameters are given in table 

4.1.c. 

Unrotated factor analysis reduced the 10 sediment and biological variables to 3 

factors with eigene values greater than 1.0 (Table 4.1.d.I). Factor loadings express 

the relative contributions of original variables to the derived factors. Using a 

correlation (loading) of 0.7 or greater to indicate a strong contribution to a factor, 

it is evident that factor 1 was mostly influenced by macrofaunal density, chl-a and 

organic carbon (Fig. 4.1.t; Table 4.1.d.II). Factor 1 explained 28% of the total 

variance of the original measures. Factor 2 explained 22% of the total variance 

and was influenced mainly by silt and clay percent. Factor 3 contained 12% of the 

total variance. Therefore, collectively factor 1 through 3 accounted for 62 % of 

the total variance (Table 4.1.d.I). 

Communality coefficients represent the extent of overlap between the original 

variables and the principal factors were 0.4 to 0.9 for the entire range of variables 

(Fig. 4.1.d.II). A communality of 1.0 indicated the variable is completely 

explained by the principal factors, while a communality of 0.0 indicates all factor 

loadings are 0.0 and the variable is totally independent of any of the factors. Thus, 

the original variables are well explained by the principal factors. 

4.1.7 Vertical distribution 

4.1.7.1 Density and Composition: Vertically, fauna was observed down to 40 cm 

sediment depth. Highest density was observed in the sediment section of 5-10 cm. 
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(36 no.ni2), whereas the top 0-5 cm had lower density (26 no.m -2 ; Fig 4.1.u). 

Station-wise vertical distribution of faunal density, biomass, sediment organic 

carbon, sediment protein and carbohydrate are shown in figure 4.1.v-1a to 4.1.v-

lk, 4.1.v-2a to 4.1.v-2k, 4.1.v-3a to 4.1.v-3j and 4.1.v-4a to 4.1.v-4j, respectively. 

Only two stations showed the presence of fauna below 15 cm (BC-17, BC-21; 

Fig. 4.1.v-ld, Fig. 4.1.v-le). In BC-21, macrofauna was observed only below 25 

cm. Some stations showed the presence of fauna only in the top 0-2 cm (BC-10 

and BC-25) (Fig. 4.1.v-lc, 4.1.v-li). The density on the top 0-2 cm was very low 

in all the stations wherever the fauna was present (81 no.m -2). 

Highest diversity was observed at 5-10 cm depth with 11 species, while the top 0-

2 cm section had 5 species and 2-5 cm had only 3 taxa, while in the lower 10-40 

cm, 9 taxa were present (Fig. 4.1.u). Nematodes belonging to Enchelidiidae 

family were present in the 30-35 cm sediment depth, while polychaete (Ariciidae 

family) were restricted to the top 20 cm, and an unidentified tanaidacea was 

observed in the 25-30 cm sediment depth (Fig. 4.1.u). 

Organic carbon showed decreasing trends with increasing sediment depth in 

almost all the stations (Fig. 4.1.v-3a to 4.1.v-3j), similar trend was observed in 

sediment protein and CHO values. Overall, the top 2 cm section had high protein 

value of 0.7 mg g -1  dry wt, and below 2-10 cm the protein values were low (0.4 

mg g-1  dry wt). Similar results were observed for CHO with high values in the top 

0-2 cm (0.3 mg.g -1  dry wt) and low values for 2-10 cm (0.1 mg.g -1  dry wt) 

sediment depth. Higher percentage of organic carbon was observed in the top 0-2 

cm and the lower sediment depths showed decreasing values. 

4.1.7.2 Biomass 

As observed in figure 4.1.v-2a to 4.1.v-2k, similar trend to the density distribution 

was observed for biomass. Highest biomass was observed at 5-10 cm sediment 
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depth (2.2 mg./n -2), wherein the highest contribution was by Leptognathia sp., 

(0.9 mg./n2 ; Fig. 4.1.w). Comparatively, lower biomass was obtained in the top 0-

2 (0.3 mg.m2) cm section and 2-5 cm (0.08 mg.m2) sediment depth. In the lower 

10-15 cm depth, the biomass was higher (0.6 mg.m 2) than the top 0-5 cm. The 

highest biomass contribution was by Flabelligeridae (Polychaeta) of 0.3 mg.m 2 , 

followed by Paraleptognathia sp., (Tanaidacea; 0.2 mg.m 2). Large specimens of 

Flabelligeridae (8 mg.m -2) and Paraleptognathia sp., (6 mg.m2) was obtained in 

the BC-17 station at 5-10 cm sediment depth and a very large specimen of 

Leptognathia sp., (23 mg.m2 ) was observed at stn. BC-22 in the 5-10 cm depth. 
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Table 4.1.a: Macrofaunal biomass (mg.m -2) during March 2003 

Taxon BC-1 BC-3 BC-4 BC-5 BC-6 BC-7 BC-10 BC-11 BC-13 BC-14 BC-15 BC-17 BC-18 BC-19 BC-20 BC-21 BC-22 BC-23 BC-24 BC-25 BC-26 

Polychaeta 

Syllidae 

Exogone sp. 0 0.13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sabellidae 0 0.32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spionidae 0 0.10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ampharetidae 0 0 0.28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.172 0 0.272 

Paraonidae  
Aricidea wassi 0 0 0 0.24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.214 

Flabeligeridae 

Brada sp. 0 0 0 0 0 0 0 0 0.152 0 0 0 0 0.317 0 0 0 0 0 0 0 

Flabelligera sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.169 0 0 0 

Glyceridae 

Glycera sp. 0 0 0 0 0 0 0 0 0 0 0.234 0 0 0 0 0 0 0 0 0 0 

Eunicidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.255 0 0 0 0 0 0 

Maldanidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.179 0 0 0 0 0 0 

Euphrosinidae 

Euphrosine myrtosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.165 0 0 0 

Nematoda 

Thoracostomopsidae 

Trileptium sp. 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Leptsomatidae 

Leptosomatum sp. 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oncholaimidae 

Viscosia sp. 0 0 0 0 0 0 0 0 0 0 0.052 0 0 0 0 0 0 0 0 0 0 

Adoncholaimus sp. 0 0 0 0 0 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.038 

Halacarida 0 0 0 0 0 0 0 0 0.063 0 0 0 0 0 0 0 0 0 0 0 0 

Tanaidacea 

Leptognathiidae 

Leptognathia sp. 0 0 0 0 0 0 0 0 0.130 0 0 0 0 0 0 0.165 0 0 0 0 0 



Table 4.1.a: 	continued 
Apseudidae 
Apseudes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.145 0 0 0 0 0 0 
Colletteidae 
Collettea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.095 0 
Harpacticoida 
Ameiridae 
Parameiropsis sp. 0 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bivalvia 
Thyasiridae 
Thyasira sp. 0 0 0 0 0 0 0 0 0 0 0 0.472 0 0 0 0 0 0 0 0 0 

Isopoda 
Macrostylidae 
Macrostylis sp. 0 0 0 0 0 0 0 0 0 0 0 0.310 0 0 0 0 0 0 0 0.225 0 
Haploniscidae 
Haploniscus sp. 0 0 0 0 0 0.32 0 0 0 0 0 0 0 0 0 0 0.205 0 0 0 0 

Gastropoda 
Scissurellidae 
Anatoma sp? 0 0 0 0 0 0 0 0 0 1.098 0 0 0 0 0 0 0 0 0 0 0 

Cyprid larvae 0 0 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphipoda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.110 0 0 
Hexactinellida 0 0 0 0 0 0 3.534 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Larvae (unidentified) 0 0 0 0 0 0 0 0 0 0 0 0 0.19 0 0 0 0 0 0 0 0 

Total 0.05 0.56 0.28 0.33 0.14 0.32 3.53 0.06 0.34 1.1 0.286 0.78 0.19 0.32 0.579 0.165 0.205 0.334 0.282 0.32 0.524 



Table 4.1.b: Biotic parameters and diversity indices studied in different stations during March 2003 

Station 

No. 

Surface water chl-a 

mg.m -3 
Meio density 

no.10cm2  

Meio biomass 

ug.10cm -2  

Bacteria 

no.g-1  dry.wt 

N ES(n) d J' H' 

BC-1 0.062 6 0.003 6.82E+08 
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0.0 0.0 

BC-2 0.056 9 0.0044 5.16E+07 

BC-3 0.051 8 0.0018 2.12E+07 0.6 1 1.1 

BC-4 * 3 0.0015 7.31E+07 0.0 0.0 

BC-5 * 9 0.0041 1.09E+08 0.3 1 0.7 

BC-6 0.056 13 0.0062 * 0.3 1 0.7 

BC-7 0.044 5 0.0009 1.61E+08 0.0 

BC-8 0.045 13 0.0067 2.05E+07 

BC-9 * 3 0.0010 1.59E+08 

BC-10 * 10 0.0033 2.53E+08 0.0 0.0 

BC-11 * 13 0.0056 3.80E+07 0.0 0.0 

BC-12 * 8 0.0034  

BC-13 0.054 9 0.0032 * 

"I'  0.5 0.9464 1.0 

BC-14 -  0.088 10 0.0049 1.87E+08 0.0 0.0 

BC-15 0.067 7 0.0037 3.26E+07 0.3 1 0.7 

BC-16 * 5 0.0037 2.14E+07 

BC-17 * 8 0.0044 3.95E+07 0.3 1 0.7 

BC-18 * 11 0.00615 * 0.0 0.0 

BC-19 * 11 0.0068 * 0.0 0.0 

BC-20 0.067 10 0.00412 5.47E+07 0.5 1 1.1 

BC-21 0.067 7 0.00311 5.89E+08 0.0 0.0 

BC-22 0.067 20 0.0094 1.64E+07 0.0 0.0 
BC-23 0.054 12 0.00635 3.35E+07 0.3 1 0.7 
BC-24 0.065 9 0.00341 4.08E+07 0.3 1 0.7 
BC-25 0.064 7 0.00341 3.65E+08 0.3 1 0.7 

BC-26 0.060 3 0.0011 6.14E+07 0.5 1 1.1 
* No data 



Table: 4.1.c: Spearman rank correlafion for the different environmental 
parameters studied during March 2003 

Correlated p  N Spearman R t(N-2) p-level 
Water chl-a & meiofaunal density 16 
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0.2 0.826 
Water chl-a & sediment bacterial density 14 0.7 0.488 
*Organic C & meiofaunal density 22 -3.9 0.001 
*Meiofaunal density & biomass 26 8.3 1.60E-08 
*Meiofaunal biomass & sed. bacterial density 21 -2.7 0.014 
Organic C & sediment carbohydrate 17 -0.3 0.779 
Organic C & sed. bacterial density 18 1.6 0.137 
Organic C & sediment pi 18 0.9 0.370 
Water chl-a & sediment carbohydrate 14 -0.2 0.820 
Water chl-a & sediment protein 14 0.2 0.862 
Macrofaunal density & sand 26 1.0 0.326 
Macrofaunal density & silt 26 0.2 0.867 
Macrofaunal density & clay 26 -0.2 0.817 
Macrofaunal density & sediment carbohydrate 20 0.4 0.698 
Macrofauna density & sed. bacterial density 21 0.2 0.818 
Latitude ( °S) & meiofaui 	density 26 0.6 0.567 
Latitude (°S) & sediment carbohydrate 20 -0.5 0.607 
Latitude ( °S) & meiofau 	density 26 0.6 0.567 
*Macrofaunal density & biomass 25 4.0 0.001 
Macrofaunal density & meiofaunal density 26 -0.4 0.699 
Water chl-a & sediment carbohydrate 14 -0.2 0.820 
Water chl-a & sediment protein 14 0.2 0.862 
Macrofaunal biomass & sand 25 1.1 0.291 
Macrofaunal biomass & silt 26 -0.4 0.718 
Macrofaunal biomass & clay 26 0.4 0.705 
Sediment organic C & sand 21 -1.5 0.161 
Sediment organic C & silt 22 -0.5 0.655 
Sediment organic C & clay 22 0.9 0.362 
Sediment carbohydrate & sand 19 -0.3 0.753 
Sediment carbohydrate & silt 20 0.2 0.844 
Sediment carbohydrate & clay 20 -0.4 0.713 
Sediment protein & sand 20 -0.2 0.862 
Sediment protein & silt 21 -0.2 0.880 
Sediment protein & clay 21 0.1 0.955 
Latitude (°S) & sand 25 -0.4 0.694 
Latitude (°S) & silt 26 0.6 0.562 
Latitude (°S) & clay 26 -0.6 0.550 
* Macrofaunal density & H' 26 7.4 1.18E-07 
* Macrofaunal density & d 21 6.2 5.75E-06 
Macrofaunal density & J  11 -1.1 0.294 

*Significant correlation at p 5 0.05 level 



Table: 4.1.d. I: Eigene values for the ten environmental variables studied in the 
CIOB during March 2003 

Factors Eigene value % total 
Variance 

Cumul. 
Eigenval 

Cumul. 
% 

1 2.8 28 2.8 28 
2 2.2 22 5.0 50 
3 1.2 12 6.2 62 

Table: 4.1.d.II: Factor loadings of the environmental variables studied during 
March 2003 

Variables Factor Communality 

1 2 3 
Macrofaunal density 
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Sediment organic C 0.88 
Meiofaunal density 0.83 
Sediment carbohydrate 0.42 
Sediment protein 

C
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C>  0.57 

Sediment bacteria 0.51 
Sand 0.49 
Silt 0.91 
Clay 0.91 
Expl.Var 
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Marked loadings are significant at >0.7 
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Fig. 4.1.a: Composition (%) of polychaetes during March 2003 
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Fig. 4.1.c: Composition (%) of other dominant macrofauna during March 2003 
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Fig. 4.1.d: Stationwise density and composition (no.m -2) of macrofauna during 
March 2003 
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Fig. 4.1.e: Variation of sediment organic carbon (%) in the study area during March 2003 

Fig.4.11: Variation of sediment protein and carbohydrate among stations during March 2003 

Fig. 4.1.g: Variation in sediment texture among stations during March 2003 
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Fig. 4.1.m: Relationship between macrofauna and sediment protein during March 2003 
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Fig. 4.1.u: Vertical distribution of macrofaunal density during March 2003 
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Results 

4.2 Macrofaunal study during the April 2005 cruise 

4.2.1 Faunal composition and abundance: A total of 7 macrofaunal groups 

were obtained from the 23 deep-sea sediment samples collected in April 2005. 

Large sized (>0.5mm) nematodes were the most diverse group with 14 species. 

Representatives of nematodes are shown in figure 4.2.a. It was followed by 

polychaetes with 11 species (Fig. 4.2.b). Crustacea was represented by 12 species 

off which Tanaidacea had 6 species (Fig. 4.2.c), Harpacticoida had 4 species (Fig 

4.2.d) and Isopoda had 2 species (Fig. 4.2.d) Mollusca was represented by 2 

species, both belonging to the order Veneroida (bivalves). In terms of 

composition, Nematoda constituted 40 % of the total fauna followed by 

Polychaeta (29%), Tanaidacea (13%), Isopoda (6%), Harpacticoida (6%), 

Veneroida (4%) and Nimertina (1.5%). 

Among the 13 identified nematodes, Viscosia sp., (15%; Plate 4.3.2A) was the 

most dominant, followed by Halalaimus sp., (11%; Plate 4.3.2D). Dolicholaimus 

sp., Polygastrophora sp., and Phanoderma sp., (probably new species) 

contributed 7% each to the total nematode density (Fig. 4.2.a). Whereas, 

Filoncholaimus sp., A doncholaimus sp., (Plate 4.3.2C), Comesa sp., 

Calyptronema sp., Belbolla sp., Sabatieria sp., Cephalanticoma sp., and 

Metacylicolaimus sp., constituted 4% each to the total faunal abundance. While, 

unidentified nematodes contributed 9% to the faunal density (Fig. 4.2.a). 

Polychaetes, usually dominate the deep-sea macrofauna. The community was 

dominated by Prionospio sp., (Plate 4.3.1F) and unidentified polychaetes. Both 

contributed 20% each to the total polychaete density, followed by Hesione sp., 

(Plate 4.3.1D), Brada sp., and Glycera sp., (Plate 4.3.IA), each contributing 10%. 

Axiothella sp., (Plate 4.3.1E), Maldane sp., Flabelligera sp., (Plate 4.3.1G), 

Glycinde sp., (Plate 4.3.1B), and Lumbriconeries latreilli represented 5% each to 
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the total abundance (Fig. 4.2.b). Another unidentified species of Hesionidae 

family also contributed 5% to the polychaete abundance. 

A Tanaid, Leptognathia sp., (Plate 4.3.4A), constituted 34% to the tanaidacea 

community, followed by Paraleptognathia sp., (22%; Plate 4.3.4D). Paranathura 

crassa (Plate 4.3.4C) and Neotanais sp., (Plate 4.3.4F), each represented 11% to 

the total tanaids. Unidentified tanaids and unidentified family belonging to order 

Tanaidomorpha (possibly belonging to a new family) constituted 11% to the total 

tanaid community (Fig. 4.2.c). 

Other dominant macrofauna comprised of harpacticoids, bivalves and isopods. 

Similar to the nematodes, substantial number of large sized harpacticoids were 

encountered on the 0.5 mm sieve. A total of four species of harpacticoids were 

obtained viz., Canuella sp., (Plate 4.3.3D), Cerviniella sp., Parameiropsis sp., 

(Plate 4.3.3A), Pseudotachidius coronatus each contributed 9% to the other 

dominant macrofaunal community (Fig. 4.2.d). 

Between the two species of Veneroida, Mendicula sp., (18%; Plate 4.3.5D), was 

the dominant one followed by Montacuta sp., (9%; Plate 4.3.5C), Macrostylis sp., 

(28%; Plate 4.3.5B), was the dominant Isopoda, while the contribution by an 

unidentified isopod species (family Macrostylidae) was 9% (Fig. 4.2.d). 

As shown in figure 4.2.e, the total density of macrofauna ranged between 0-133 

no.m-2 among the 23 stations distributed in the wider area of CIOB, with a mean 

density of 44±43sd, no.m-2 . The highest density of 133 no.m -2  was obtained at stn. 

TVBC-03 and BC-37, followed by TVBC-04 (119 no.m-2). Polychaetes were the 

major contributors to the station, TVBC-03 and BC-37 with a density of 74 no.m -2 

 and 44 no.m-2  respectively. While, nematodes were the second dominant group 

among the above two stations with a density of 30 no.m -2  each. Significant 
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difference in faunal densities between stations was observed with Kruskal Wallis 

test (H=525.4, p<0.0001, n=920). 

4.2.2 Faunal Biomass 

Average dry weight of macrobenthos ranged between 0-2.9 mg.m -2  (mean: 

0.6±0.9sd, n=23). The highest biomass of 2.9 mg.m -2  was observed at stn. BC-29, 

followed by stn. 28 (2.3 mg.m 2; Table. 4.2.a). The high biomass was due to the 

presence of a large sized Glycinde sp., and Brada sp., in the respective stations. 

As shown in table 4.2.a, polychaetes were the main contributor to the biomass 

with highest contribution by Brada sp., (0.11 mg.m -2). This was followed by 

Glycinde sp., (0.12 mg.m -2), Hesione sp., (0.04 mg.m-2), Prinospio sp., (0.03 

mg.m-2), Maldane sp., (0.02 mg.m -2) and unidentified polychaetes (0.01 mg.m -2). 

Other contributors were Glycera sp. (0.007 mg.m2), Flabelligera sp., (0.005 

mg.m-2), Axiothella sp., (0.004 mg.m -2) and Lumbriconeries latreilli (0.003 mg.m-

2). A species belonging to Hesionidae family contributed 0.001 mg.m2  to the 

biomass. 

Tanaids were the second most important group with the highest biomass (0.08 

mg.m-2
). Leptognathia sp., was the major contributor with a biomass of 0.03 

mg.m-2 , followed by Neotanais sp., (0.02 mg.m-2), Paraleptognatia sp., (0.01 

mg.m2), unidentified tanaidacea (0.01 mg.m -2) and a species belonging to a new 

family? of tanaidacea (0.004 mg.m -2) (Table 4.2.a). Among the 4 species of 

Harpacticoida, biomass of 0.002 mg.m -2  each was contributed by Cerviniella sp., 

Parameiropsis sp., and Pseudotachidius coronatus. Canuella sp., contributed 

0.001 mg.m-2  to the total biomass (Table 4.2.a). Mendicula sp., (0.008 mg.m-2 ) 

had the highest biomass among bivalves followed by Montacuta sp., (0.004 
-2 	 -2 mg.m ). While among Isopods, Macrostylis sp., was 0.02 mg.m and 

unidentified genus belonging to macrostylidae family contributed 0.002 mg.m-2 
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(Table 4.2.a). Significant difference was observed between stations for biomass 

using the Kruskal Wallis test (H=524.7, p<0.0001, n=920). 

4.2.3 Environmental parameters, Meiofauna and Bacteria 

The sediment organic carbon ranged from 0.07 to 0.41% (mean: 0.2±0.1, n=18), 

with highest values obtained at Stn. TVBC-04, (0.41%) and lowest at stn. TVBC-

08 (0.07%; Fig. 4.2.0. The sediment protein content ranged between 0.18 to 2.21 

mg g-1  dry wt (mean: 1.04±0.6sd, n=22) and sediment carbohydrate ranged 

between 0.03 to 0.85 mg g -1  dry wt (mean: 0.41±0.24sd, n=22; Fig. 4.2.g). The 

surface chl-a ranged between 0.046 to 0.08 mg.m -3  (mean: 0.06±0.008sdn, n=23), 

with highest chl-a concentration at stn. TVBC-25 (Table 4.2.b). Among all the 

stations the clay content was higher and values ranged from 52 to 73% (mean: 

62±7sd, n=22) followed by silt (26 to 48%; mean: 36±5sd, n=22) and sand (0.6 to 

12%; mean: 2.9±3.2sd, n=22; Fig. 4.2.h). 

The meiofaunal density was low and ranged between 4 to 17 no.10cm -2  (mean: 

9±3sd, n=22), with highest density at stn. BC-37 (17 no.10cm -2) and lowest at stn. 

TVBC-13 (4 no.10cm -2 ; Table 4.2.b). Similarly, the highest meiofaunal biomass 

of 0.009 mg.10cm -2  was obtained at stn BC-13 (mean: 0.004±0.002sd, n=22) and 

lowest at stn. TVBC-04 (0.002 mg.10cm 2), respectively. Bacterial abundance 

ranged between 1.6E+06 to 1.12E+09 no.g -1  dry wt. Highest bacterial abundance 

was obtained at stn. TVBC-08 (1.12E+09 no.g -1  dry wt) and lowest at stn. BC-37 

(1.6E+06 no.g-1  dry wt; Table 4.2.b). 

4.2.4 Structural analysis 

As observed in table 4.2.b, the Shannon-Wiener diversity (H') indices for 

macrofauna ranged between 0-2.2, with highest H' values at stn. BC-37 (H'=2.2) 

followed by stn. TVBC-03 (H'=2.0) and TVBC-20 (H'=1.8). BC-37 being a 
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seamount showed highest H', since seamounts are known to be highly diverse. 

The station was located south of the study area at latitude 16.1 °  S and longitude 

75.4°  E. Margalef s species richness (d) ranged between 0-1.6, with highest values 

at stn BC-37. Eveness (J) ranged between 0.9 to 1, with the lowest J values at stn. 

TVBC-04. Hulbert's expected number of species (E(Sn) for the study area ranged 

between 1-8. Highest E(Sn) value was at stn. BC-37 (E(Sn) =8) and TVBC-03 

(E(Sn) =7). 

4.2.5 Cluster analysis 

The cluster analysis similarity dendrogram for macrofaunal density and biomass 

at various sampling locations are shown in figure 4.2.i. It did not take into account 

the stations, with 0 density. Above 50% similarity level, 3 groups were clearly 

distinguished for macrofaunal density, stn. BC-38 and TVBC-26 (66.67%), stn. 

TVBC- 25 and TVBC-8R (66.67%), stn. TVBC-13 and TVBC-19 (50%) (Fig. 

4.2.i). The cluster analysis similarity dendrogram for macrofaunal biomass did not 

show any group above 50% similarity level (Fig. 4.2.j). This strongly indicated 

that there was high variation between stations for macrofaunal biomass. 

Ordination by multidimensional scaling (MDS), based on the similarity matrix, 

displayed a similar pattern for faunal density and biomass, i.e the same principal 

group stations were identified forming close clusters (Fig. 4.2.k, Fig. 4.2.1). 

4.2.6 Relationship between macrofaunal community indices and sedimentary 

environment parameters 

Although there was variability among stations, the macrofaunal density was 

positively correlated with organic carbon (p=0.002; Fig. 4.2.m), sediment protein 

(p=0.05; Fig. 4.2.n), chl-a (p=0.02; Fig. 4.2.o) and biomass (p=1.77E-05; Table 

4.2.c). It indicate that, the macrofaunal density also augment with increase in 
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sediment organic carbon, sediment protein and water chl-a. Whereas a significant 

negative correlation was observed between increasing latitude in the southern 

hemisphere with macrofaunal density (p=0.009; Fig. 4.2.p), organic carbon 

(p=0.01; Fig. 4.2.q), chl-a (p=0.002; Fig. 4.2.r) and macrofaunal biomass (p=0.02; 

Table 4.2.c). It suggests a decreasing trend of these parameters with increasing 

latitude southwards. Significant positive correlation was observed between chl-a 

and organic carbon (p<0.05; Fig. 4.2.$). Hence, increase in chl-a enhance the 

sediment organic carbon and LOM content in the seabed. However, CHO did not 

show a significant correlation with chl-a. Silt-Clay-Sand (%) did not show any 

correlation with macrofaunal density, biomass, sediment organic carbon, sediment 

protein and CHO (Table 4.2.c). 

Shannon H' and Margalef index showed significant correlation with density of 

macrofauna, since they are considered to be intrinsically linked (Table 4.2.c). 

Correlations between meiofauna, bacteria with other environmental parameters 

are given in table 4.2.c. 

Unrotated factor analysis showed in table 4.2.d.I, reduced the 10 sediment and 

biological variables to 3 factors with eigene values greater than 1.0. Factor 

loadings express the relative contributions of original variables to the derived 

factors. Using a correlation (loading) of 0.7 or greater to indicate a strong 

contribution to a factor, it is evident that Factor 1 was mostly influenced by chl-a, 

sediment protein and organic carbon (Fig. 4.2.t; Table 4.2.d.II). Factor 1 

explained 29% of the total variance of the original measures. Factor 2 explained 

27% of the total variance and was influenced mainly by meiofauna density, clay, 

silt and sand. Factor 3 contained 15% of the total variance. Factor 1 through 3 

accounted for 71 % of the total variance explained by these factors. 

Communality coefficients represent the extent of overlap between the original 

variables and the principal factors were high (0.5 to 1) for the entire range of 
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variables (Table 4.2.d.II). A communality of 1.0 indicated the variable is 

completely explained by the principal factors, while a communality of 0.0 

indicates all factor loadings are 0.0 and the variable is totally independent of any 

of the factors. Thus, the original variables are well explained by the principal 

factors. 

4.2.7 Vertical distribution 

4.2.7.1 Density and Composition 

Vertically, fauna was observed down to 30 cm sediment depth. Highest density 

was observed at the sediment depth of 2-5 cm. (21 no.m -2) whereas; the top 0-2 

cm had lower density (11 no.m-2 ; Fig. 4.2.u). Station-wise vertical distribution of 

faunal density, biomass, sediment organic carbon, sediment protein and 

carbohydrate are shown in Fig 4.2.v-la to 4.2.v-11, 4.2.v-2a to 4.2.v-21, 4.2.v-3a 

to 4.2.v-3k and 4.2.v-4a to 4.2.v-4k, respectively. Only five stations showed the 

presence of fauna below 15 cm (BC-28, BC-30, BC-31, TVBC-04, TVBC-14). In 

TVBC-14 capitellid polychaetes were observed below 25 cm. On the other hand, 

some stations showed the presence of fauna only in the top 0-2 cm (TVBC-20 and 

BC-40; Fig. 4.2.v. ld, Fig. 4.2.v.11). The density of 81 no.m -2  was observed on the 

top 0-2 cm in both these stations. 

Generally, the higher species diversity was in 2-5 cm sediment section with 6 

species, while, the top 0-2 cm had only 2 species and 5-10 cm section had only 4 

species. The lower 10-30 cm section showed the presence of 6 species (Fig. 4.2. 

u). Capitella minima and Odanticoma sp., were present in the deeper (15-20 cm) 

sediment depth. 

Sediment organic carbon showed decreasing trends with increasing sediment 

depth at almost all the stations (Fig. 4.2.v-1 c to 4.2.v-lk). Similar trend was also 
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observed in protein and carbohydrate. Overall, the top 2cm sediment section had 

higher protein of 1.0 mg g -1  dry wt, and below 2-10 cm the values were low (0.8 
-1 mg g .dry wt). Similar results were observed for CHO with higher values in the 

top 0-2 cm (0.41 mg g -1  dry wt) and low CHO concentrations in 2-10 cm (0.35 mg 
-1 g dry wt) sediment depth. Further, the protein and CHO content showed 

decreasing trends with increasing sediment depth. The deeper 40-45 cm sediment 

depth had protein concentration of 0.13 mg g -1  dry wt and CHO values of 0.07 mg 

g-1  dry wt. Higher percentage of organic carbon was observed in the top 0-2 cm 

and the lower sediment depths showed decreasing values. Most of the deep-sea 

studies restrict the vertical distribution study upto 10 cm, considering that the 

faunal colonization is restricted in upper 10 cm sediment. Hence, the vertical 

distribution of LOM analysis during March 2003 was also conducted up to 10 cm. 

However, the presence of fauna in the deeper sediment depth in March 2003 

samples lead to the study of LOM down to the deeper (>35 cm) depth during 

April 2005. 

4.2.7.2 Biomass 

Similar to the vertical distribution of density, the highest biomass was observed at 

2-5 and 5-10 cm sediment depth (0.16 mg.m -2), wherein the highest contribution 

was by Tanaella sp., (0.1 mg.m-2 ; Fig. 4.2.w). Comparatively, lower biomass was 

obtained in the top 0-2 cm (0.02 mg.m -2) sediment depth. In the lower 10-15 cm 

section the biomass (0.1 mg.m2) was higher than the top 0-2 cm, which was due 

to the presence of Macrostylis sp., of 0.09 mg.m2. A comparatively large 

specimen of oligochaete (2.5 mg.m 2 ; 5-10 cm sediment depth) and Macrostylis 

sp. (2.1 mg.m-2, 10-15 cm sediment depth) were obtained in the BC-35 and 

TVBC-20 respectively. 
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Table 4.2.a: Macrofaunal biomass (mg.m -2) during April 2005 

Taxon TVBC-25 TVBC-26 BC-27 TVBC-3 BC-28 TVBC-20 BC-29 BC-31 BC-32 TVBC-4 TVBC-19 BC-33 TVBC-18 TVBC-14 BC-35 TVBC-13 TVBC-8 BC-37 BC-38 

Nematoda 
Oncholaimidae 
Viscosia sp. 0.030 0 0.028 0 0 0 0 0 0.034 0 0 0 0 0 0 0 0.037 0 0 

Filoncholaimus sp. 0 0 0 0.034 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Adoncholaimus sp. 0 0 0 0 0 0 0 0 0 0.048 0 0 0 0 0 0 0 0 0 

Oxystominidae 

Halalaimus sp. 0 0 0 0.041 0.028 0.025 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ironidae 

Dolicholaimus sp. 0 0 0 0 0 0.021 0 0 0 0.023 0 0 0 0 0 0 0 0 0 

Ethmolaimidae 
Comesa sp. 0 0 0 0 0 0.018 0 0 0 0 0 0 0 0 0 0 0 0 0 

Enchelidiidae 
Polygastrophora sp. 0 0 0 0 0 0 0.117 0 0 0 0 0 0 0 0 0 0 0 0 

Calyptronema sp. 0 0 0 0 0 0 0 0 0 0.030 0 0 0 0 0 0 0 0 0 

Belbolla sp. 0 0 0 0 0 0 0 0.032 0 0 0 0 0 0 0 0 0 0 0 

Comesomatidae 

Sabatieria sp. 0 0 0 0 0 0 0 0 0 0 0 0 0.037 0 0 0 0 0 0 

Anticomidae 

Cephalanticoma sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.037 0 

Leptsomatidae 
Metacylicolaimus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.168 0 

Phanoderma sp. 0 0 0.025 0 0 0.023 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unidentiifeid 0 0 0 0 0 0 0.030 0.067 0 0.080 0 0 0 0 0 0 0 0 0 

Polychaeta 

Maldanidae 

Axiothella sp. 0 0 0 0 0 0 0 0 0.099 0 0 0 0 0 0 0 0 0 0 

Maldane sp. 0.436 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hesionidae 

Hesione sp. 0 0 0 0 0.726 0 0 0 0 0 0 0 0 0 0 0 0 0.080 0 

Genus 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.014 0 

Spionidae 

Prionospio sp. 0 0 0 0.018 0 0.030 0 0 0 0 0 0 0 0.464 0 0 0 0.106 0 

Flabelligeridae 

Flabelligera sp. 0 0 0.115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brada sp. 0 0 0 0 1.033 0 0 0 0 0 0 0 0 0 0 1.543 0 0 0 

Goniadidae 



able 4.2.a: 	........ 	continued 
Glycinde sp. 0 0 0 0 0 0 2.719 0 0 0 0 0 0 0 0 0 0 0 0 
Glyceridae 
Glycera sp. 0 0 0 0.152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eunicidae 
Lumbriconeries latreilli 0 0 0 0.060 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Unidentified 0 0.220 0 0.028 0 0.041 0 0 0 0 0 0 0 0 0 0 0 0 0.008 

Tanaidacea 
Agathotanaidae 
Paranathura sp. 0 0 0 0.077 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leptognathiidae 
Paraleptognathia sp. 0 0 0 0 0 0 0 0 0 0.04 0 0.177 0 0 0 0 0 0 0 
Leptognathia sp. 0 0 0 0 0.48 0 0 0.147 0.053 0 0 0 0 0 0 0 0 0 0 
Neotanaidae 
Neotanais sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.547 0 
Unknown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.197 0 0 0 
New Family 0 0 0 0 0 0 0 0 0.093 0 0 0 0 0 0 0 0 0 0 

Harpacticoida 
Canuellidae 
Canuella sp. 0 0 0 0 0.017 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aegisthidae 
Cerviniella sp. 0 0 0 0 0 0 0.043 0 0 0 0 0 0 0 0 0 0 0 0 
Ameiridae 
Parameiropsis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.047 0 
Pseudotachidiidae 
P. coronatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04 0 0 0 0 

Bivalvia 
Lasaeidae 
Montacuta sp. 0 0 0 0 0 0 0 0 0 0.097 0 0 0 0 0 0 0 0 0 
Thyasiridae 
Mendicula sp. 0 0 0 0 0 0 0 0 0 0 0.087 0 0 0 0 0.103 0 0 0 

Isopoda 
Macrostylidea 
Macrostylis sp. 0 0 0.18 0.063 0 0 0 0 0 0 0 0 0 0 0 0 0 0.147 0 
Genus 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.040 0 

Nemertina 0 0.106 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0.466 0.326 0.348 0.473 2.283 0.158 2.909 0.245 0.280 0.318 0.087 0.177 0.037 0.464 0.040 1.843 0.037 1.184 0.008 



Table 4.2.b: Biotic parameters & diversity indices studied in different stations during the April 2005 

Station 
No. 

Water chl-a 
mg.m.3  

Meiofaunal density 
no.10cm2 

Meiofaunal biomass 
mg.10cm2  

Bacteria 
no.g-1  dry.wt 

N d J' ES(40) H' 

TVBC-08 0.0473 8 0.0030 1.1E+09 0 
TVBC-26 0.0692 7 0.0028 6.1E+08 1.4 1 0.7 
TVBC-25 0.0794 8 0.0037 1.8E+08 1.4 1 0.7 
TVBC-20 0.0646 7 0.0038 5.9E+08 2.8 1 1.8 
TVBC-19 0.0584 9 0.0035 6.7E+06 0 
TVBC-18 0.0592 9 0.0038 3.1E+07 0 
TVBC-14 0.0603 8 0.0048 1.2E+08 0 
TVBC-13 0.0582 4 0.0024 5.9E+06 1.8 1 1.1 
TVBC-04 0.0624 5 0.0022 3.0E+07 2.4 0.9 1.7 
TVBC-03 0.0603 6 0.0034 9.6E+06 3.2 1.0 2.0 
BC-40 0.0457 * * 3.9E+06 0 
BC-38 0.0546 7 0.0032 1.9E+06 

••••••4 0 
BC-37 0.0490 17 0.0089 1.6E+06 3.6 1 2.2 
BC-36 0.0473 5 0.0029 1.6E+06 0 
BC-35 0.0624 6 0.0035 2.0E+06 0 
BC-34 0.0573 14 0.0073 2.1E+07 0 
BC-33 0.0572 12 0.0064 2.3E+08 0 
BC-32 0.0582 9 0.0044 8.3E+07 2.2 1 1.4 
BC-31 0.0544 7 0.0032 1.2E+07 1.4 0.9 1.0 
BC-30 0.0615 9 0.0045 1.7E+07 0 
BC-29 0.0603 9 0.0049 2.1E+07 1.9 1.0 1.3 
BC-28 0.0692 11 0.0055 8.1E+06 2.5 1 1.6 
BC-27 0.0716 11 0.0059 2.9E+07  	2.2 1 1.4 

* No data 



Table 4.2.c: Spearman rank correlation for environmental parameters during 
April 2005 

Correlated parameters N Spearman R t(N-2) p-level 
Macrofaunal biomass & clay 21 -0.05 -0.20 0.84 
Macrofaunal biomass & sand 21 0.01 0.02 0.98 
Macrofaunal biomass & silt 22 0.01 0.06 0.96 
Water chl-a & sediment carbohydrate 21 -0.03 -0A4 0.89 
Water chl-a & sediment protein 21 0.07 029 0.78 
Water chl-a & sed. bacterial density 22 0.31 1.45 0.16 
Water chl-a & meiofaunal density 21 0.09 0.38 0.71 
Sediment carbohydrate & clay 20 -0.30 -1.35 0.19 
Sediment carbohydrate & sand 20 0.30 1.35 0.19 
Sediment carbohydrate & silt 21 0.08 0.35 0.73 
*Macrofaunal density & d 18 0.98 19.80 1.1E-12 
*Macrofaunal density & H' 22 0.94 12.61 5.6E-11 
Macrofaunal density & J 11 -0.53 -1.87 0.09 
Macrofaunal density & clay 21 0.04 0.16 0.87 
Macrofaunal density & sand 21 -0.21 -0.94 0.36 
Macrofaunal density & silt 22 -0.01 -0.05 0.96 
Macrofaunal density & sed. carbohydrate 21 0.01 0.03 0.98 
Macrofaunal density & sed. bacterial density 22 0.23 1.05 0.31 
Macrofaunal density & meiofaunal density 21 -0.22 -0.97 0.34 
Latitude (°S) & clay (%) 21 0.05 023 0.82 
Latitude (°S) & sand (%) 21 0.29 L33 020 
Latitude (°S) & silt (%) 22 -0.04 -0.16 0.87 
Latitude (°S) & sediment carbohydrate 21 -0.35 -1.61 0.12 
Latitude ( °S) & sediment protein 21 -0.31 -1.44 0.17 
Latitude (°S) & meiofaunal density 21 -0.29 -1.32 0.20 
Latitude (°S) and macrofaunal biomass 22 -0.48 -2.46 0.02 

Sediment organic C & clay 17 -0.02 -0.08 0.94 
Sediment organic C & sand 17 -0.24 -0.96 0.35 
Sediment organic C & silt 17 0.16 0.63 0.54 

Sediment organic C & sed. carbohydrate 16 0.08 0.29 0.77 
Sediment organic C & sediment protein 16 0.35 1.41 0.18 
Sediment organic C & sediment bacteria 17 0.41 1.73 0.11 
Sediment organic C & meiofaunal density 16 -0.04 -0.16 0.87 
Sediment protein & clay 20 -0.21 -0.89 0.38 
Sediment protein & sand 20 0.14 0.60 0.55 
Sediment protein & silt 21 0.08 0.37 0.72 
*Meiofaunal density & biomass 21 0.88 7.98 1.7E-07 
Meiofaunal biomass & sed. bacterial density 21 0.18 0.81 0.43 

*Macrofaunal density & biomass 22 0.78 5.60 1.8E-05 

*Significant correlation at p S 0.05 level 
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Table 	Eigene values for the ten environmental variables studied in the 
CIOB during April 2005 

Factors 
Eigenval 

% total 
Variance 

Cumul. 
Eigenval 

Cumul. 
% 

1 2.9 29 2.9 29 
2 2.7 27 5.6 56 
3 1.5 15 7.1 71 

Table 4.2.d.II: Factor loadings of the environmental variables studied during 
April 2005 

Parameters Factor Communalities 

1 2 3 
Macrofaunal density 0.35 0.08 0.83 0.777 
Water chl-a 0.83 0.09 0.04 0.826 
Sediment organic C 0.93 0.00 0.15 0.822 
Meiofaunal density -0.32 0.56 0.08 0.468 
Sediment protein 0.72 -0.04 -0.25 0.879 
Sediment carbohydrate 0.37 0.02 -0.76 0.896 
Sediment bacteria -0.22 -0.59 -0.16 0.453 
Sand -0.46 0.65 0.39 0.996 

Silt 0.27 0.84 -0.24 0.998 
Clay 0.04 -0.97 0.03 0.999 
Expl.Var 2.78 2.75 1.61 

Prp.Totl   	 0.28 0.28 0.16 

Marked loadings are significant at >0.7 
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Fig. 4.2.d: Composition (%) of Isopods, harpacticoids and bivalves during April 2005 
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Fig. 4.2.f: Variation of sediment org.0 (%) in the study area during April 2005 
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Fig. 4.2.q: Relationship between latitude and sediment organic carbon during April 2005 
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Fig. 4.2.t: Factor analysis of sediment and biological parameters (April 2005) 



Density (no.m -2) 

0 
	

5 	10 	15 	20 	25 

2--5 
a 

5--10 

4:40  10--15 
E 

ccA 15--20 

20--25 

25--30 

_:!_:! -.!_:!;1111111111 1 1111111111iNNI 

Enoplolaimus sp. 
❑Viscosia sp. 
0 Crenopharynx sp. 
IENematode (New sp.?) 

Capitella sp. 
Scoloplos sp. 

0 Tanaella sp. 
13 Leptognathia sp. 
❑Micoletzkyia sp. 
0 Leptognathiidae (Unidentified Gns.) 
EZI Oligochaete 
61 Nematode (Unidentified) 

Macrostylis sp. 
CB Capitella minima 
El Odantanticoma sp. 
111 Capitellidae (Gns.) 

Fig. 4.2.u: Vertical distribution of macrofaunal density during April 2005 



TVBC-04 
Faunal density 

(no.m 2) 
50 	100 

0 
Se

d
im

en
t  

d
ep

th
 (

cm
)  

la 

5 

10 

15 

20 

25 

30 

35 

40 

0.5 
0 

0 	2 	4 

Faunal biomass 

(mg.m 2) 
0 	0.5 	1 	0 

0 	 0 

5 

10 

15 

20 

25 

30 

35 

40 

LOM 

(mg.g
-1 

 dry wt.) 

5 

10 

15 

20 

25 

30 —0—Carbohydrate 
35 T —0 —Protein 

40 1 	4a 

Sed. 0 rg. C 

CYO 

3a 2a 

TVBC-13 Faunal density 
(no.m 2) 

0 	50 	100 

0 	 0 

5 	 5 	 5 

10 1 	 10 	 10 

15 	 15 	 15 

20 	 20 	 20 

25 	 25 	 25 

30 	 30 	 30 

35 	 35 	 35 

40 	2b 	40 	3b 	40 

0 	1 	2 	0 	0.1 	0.2 	0 	0.5 	1 

0 	 0 	 

Faunal biomass 	Sed. Org. C 

(mg.m) 	 ) 

LOM 

(mg•g
-1 
 dry wt.) 

Se
d

im
en

t  
d

ep
th

 (
  

10 

15 

20 

25 

30 

35 

40 lb 

—0— Carbohydrate 
—s— Protein 

4b 

Faunal density 
TVBC-14 

(no.m 2) 
Faunal biomass 

(mg.m 2) 

3c 

Sed. Org. C 

(Vo ) 

LOM 

(mg.g
-l

dry wt.) 

4c 

5 

10 

15 

20 

25 

30 

35 

40 

0 	1 	2 4 

	

0 	50 	100 	0 

	

O1 	 0 	 

Se
d

im
e

nt
  d

ep
th

 (
cm

)  

1 c 

5 

10 

15 

20 

25 

30 

35 

40 2c 

2 

Fig. 4.2.v: Vertical distribution of macrofaunal density, biomass, sediment organic C and LOM during April 2005 



Fig. 4.2.v 	 continued 

TVBC-20 Faunal density 	Faunal biomass 
	

Sed Org. C 

( 11Ig.10 
	 (%) 

5 
	

5 	 5 

10 
	

10 	 10 

15 
	

15 	 15 

20 
	

20 	 20 

25 
	

25 	 25 - 

30 
	

30 	 30 

35 

40 -1 
	

ld 	40 	2d 	40 	3d 

	

35 	 35 

Se
d

im
en

t  
de

p
th

 (c
m

)  

0 	50 	100 	0 

0 

0.5 	0 

0   0 

OS 
0 

4d 

Sed Org. C 	 LOM 

(%) 	 (mg.g
-l drywt) 

0 	0.2 	0.4 	0 	1 	2 

Faunal density 	Faunal biomass 

(no.m 	 (mg.m 

4e 

—0— Carbohydrate 
—0—Protein 

Se
di

m
en

t  
de

pt
h 

(c
m

)  

le 

5 

10 -

15 

20 

25 

30 

35 

40 - 

5 

10 

15 

20 

25 

30 

35 - 

40 2e 

Se
di

m
en

t  
de

pt
h 

(c
m

)  

5 

10 

15 

20 

25 

30 

35 - 

40 - If 3f 

— 1 --- Carbohydrate 
—111-- Protein 

4f 

LOM 

(mg•g 
-l

dry wt) 

0 	1 	2 

Faunal density 
BC-28 

(no.m 

0 	50 	100 
	

0 

0i 	 0 

5 

10 

15 

20 

25 

30 

35 - 

40 - 

Faunal biomass 

(01g.nl 

1 	2 

2f 

Sed Org. C 

(ip) 

0 	0.2 	0.4 

5 

10 

15 

20 

25 

30 

35 

40 

LOM 
1 

(mg•g dry wt.) 

1 	2 



Fig. 4.2.v 	 continued 

BC-31 
Sett Org. C 

(oh.) 

0.2 	0.4 
0 0 

5 

10 

15 

20 

25 

30 

35 

40 

S
es

d
im

e
n

t  d
ep

th
 (

cm
)  

3h 1 h 2h 40 

	

Faunal density 	Faunal biomass 

(no.m) 	 (nig-m) 
0 	50 	100 	0 

5 

10 

15 

20 

25 

30 

35 - 

LOM 
(mg.g-1  dry wt.) 

0 	0.5 	1 	1.5 

100 0 0.5 1 
 	i 

0 ,  0 

5 5 

10 10 

15 15 

20 20 

25 25 

30 30 

35 35 

40 - 
2g 40 

BC-30 	Faunal density 	Faunal biomass 

(no.m) 	 (mg-m) 
0 	50 

BC-32 Faunal density 
(no.m) 

0 	50 	100 	0 

0 

5 

10 

15 

20 

25 

30 ) 

35 - 

40 

Se
d

im
e

n
t  

d
ep

th
 (

cm
)  

0 

5 

10 

15 

20 

25 

30 

35 

40 Ig 

LOM 

(mg•g 
-1 dry wt.) 

25 
Carbohydrate 

30 —II—Protein 

35 

40 4g 

Sett Org. C 
(OA ) 

Faunal biomass 
	

Sett Org. C 
	

LOM 

(mg.m) 
	

(%) 	 (mg•g 
-1 

dry wt.) 

2i 	40 	3i 	40 i i 	4i 

o 
0.5 	0 

------' 	0 - 

5 

10 

15 

20 

25 

30 

35 

30 	Carbohydrate 
Protein 

35 

S
ed

im
en

t  d
ep

th
 (

cm
)  

5 , 

10 

15 

20 

25 

30 

35 

40 li 



Sed. Org. C LOM 

(%) 	 (mg.g
-1 

 dry wt.) 

0 	0.1 	0.2 	0 	0.1 	0.2 	03 

4j 3j 	40 1j 

0 +-- 

5 - 

10 

15 

20 

25 

30 

35 -

40 

0 

5 

10 

15 

20 

25 

30 

35 

40 

BC-40 
Faunal density 

0 	50 	100 

40 
21 

Faunal density 

(no.m 2) 

Se
d

im
e

nt
  d

ep
th

 (
cm

)  

BC-37 

0 	100 200 

0 0 

5 5 

10 10 

15 15 

20 20 

25 25 

30 30 
35 - 35 
40 - 1k 40 

Se
d

im
e

n
t  

d
ep

th
 (

cm
)  

0 

5 

10 

15 

20 

25 

30 

35 

40 J 	11 

5 

10 

15 

20 

25 

30 

35 

Fig. 4.2.v 	  

BC-34 
Faunal density 

0 	50 	100 

Continued 

Faunal biomass 

0 	0.05 	0.1 
0 

5 

10 

15 

20 

25 

30 

35 

40 

0 —

5 

10 

15 -

20 

25 
Carbohydrate 

30 	—6— Protein 

35 

Faunal biomass 

(mg.m 

0 

2k 

Sed. Org. C 
(% ) 

LOM 

(mg.g
-1

dry wt.) 

0.2 	0 	10 	20 

Carbohydrate 
—111--- Protein 

4k 

03 	0 	0.1 

0 

5 

10 

15 

20 

25 

30 

35 

40 2j 



2--5 

20--25 

25--30 

Biomass (mg.m -2) 
0 	0.02 	0.04 	0.06 	0.08 	0.1 	0.12 	0.14 	0.16 

!:!:!_1k4111111111111111111111111111111111111101 
4011, 	 ,j6 

0--2 

 

MINION 
MOM INIIMM•MIEM11101•• 
MOM 	 MIMEO 

Enoplolaimus sp. 
0 Viscosia sp. 

Crenopharynx sp. 
VI Nematode (New sp.?) 

Capitella sp. 
Ell Scoloplos sp. 
El Tanaella sp. 

Leptognathia sp. 
❑ Micoletzkyia sp. 
0 Leptognathiidae (Unidentified Gns.) 

Oligochaete 
Nematode (Unidentified) 

CI Macrostylis sp. 
CB Capitella minima 

Odantanticoma sp. 
Capitellidae (Unidentified Gns.) 

  

    

Fig. 4.2.w: Vertical distribution of macrofaunal biomass during April 2005 



Results 

4.3 Macrofaunal community structure in the CIOB 

4.3.1 Diversity of macrofauna in the CIOB: All together, 77 macrobenthic 

species were identified from the 49 stations sampled in the CIOB during both 

cruises. Polychaetes were the most diverse with 26 species recorded from 23 

stations (Fig. 4.3.a), with 47% prevalence during March 2003 (26 stations) and 

April 2005 (23 stations). Nematoda was represented by 22 species (Fig. 4.3.b) 

recovered from 21 stations. Harpacticoids with 13 species (Fig. 4.3.c), tanaids 

with 9 species (Fig. 4.3.d), isopods with 3 species (Fig. 4.3.e), bivalves with 2 

species (Fig. 4.3.e), and one species each of gastropoda and nemertine were the 

other macrobenthic representatives present in CIOB. 

Among the polychaetes, Brada sp., was the most abundant and widely distributed. 

It was present at 5 stations with wider range of distribution from 11.5 °  S to 15 °  S 

(Fig. 4.3.a). The other widely distributed species was Prinospio sp., which was 

present in four stations, distributed from 12 °  S and 16.1 °  S. While, family 

Ampharetidae was also obtained in four stations, but its distribution was restricted 

to a narrow range and lied more toward the north of the study area between 10.2 ° 

 S to 13°  S (Fig. 4.3.a). Most of the other species were present only at one or two 

stations with narrow range of distribution. Some representatives of the 

polychaetes recorded in the present study are shown in plate 4.3.1. 

Nematodes were the second dominant group in the CIOB wherein, Viscosia sp., 

was the most dominant. It occurred in 8 stations and showed a very wide range of 

distribution, from latitude 11.23 °  S to 16°  S (Fig. 4.3.b). Phanoderma sp., being 

the second dominant was distributed from 10 °  S to 13 °  S latitude. Though 

Halalaimus sp., were present only at 3 locations and their distribution was 

apparently localized (from latitude 11.5 °  5 to 12°  S). Rest of the species occurred 

only once or twice (present only in 1 or 2 stations; Fig. 4.3.b). Some 
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representatives of the nematodes recorded during the present study are shown in 

plate 4.3.2. 

Among the harpacticoids, Parameiropsis sp., (Plate 4.3.3A) was the most 

dominant; it occurred in 4 stations and showed a wide distribution from 11.5 °  S to 

16.1 °  S latitude. The other harpacticoid species showed a lower occurrence and 

narrow range of distribution (Fig. 4.3.c). Some representatives of harpacticoids 

are shown in plate 4.3.3. 

Similarly, Leptognathia sp., (Plate. 4.3.4A) was the most dominant among tanaids 

and showed a wide distribution ranging between latitude 11.5 °  and 16.2 °  S. While, 

Paraleptognathia sp., (Plate. 4.3.4D) showed a comparatively narrow range of 

distribution occurring mostly in northern part of study area (from latitude 10.3 ° 

 and 13.1°  S; Fig. 4.3.d). 

Among the isopods, Macrostylis sp., (Plate 4.3.5B) showed their presence in 6 

stations and was distributed from latitude 11.3 °  to 16.1 °  S. Similarly Haploniscus 

sp., (Plate 4.3.5A) occurred in only 3 stations, but showed much wider 

distribution from latitude 10.2 °  S to 16 °  S compared to Macrostylis sp., (Fig. 4.3.e; 

Plate 4.3.5). 

Among bivalves, only four species were recorded, which were distributed from 

13 °  S to 15 °  S. Of these, Mendicula sp., (Plate 4.3.5D) occurred only at two 

stations, whereas, Thyasira sp., and Montacuta sp., (Plate 4.3.5C) were present at 

one station each (Fig. 4.3.e). 

4.3.2 Parasites on deep-sea crustaceans 

In the present study, among crustaceans, Metahuntmannia sp. and Leptognathia 

sp. belonging to harpacticoid and tanaids respectively were observed to be 
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infested by a parasite (Plate. 4.3.6). The parasites belong to a recently described 

new class of Crustacea: Tantulocarida. They are minute copepod-like 

ectoparasites of other deep-sea benthic crustaceans. Very little is known about this 

group of parasites (Martinez, 2003). 

4.3.3 Distribution of macrofauna and org. C in the CIOB 

When compared with the different geographical areas (Fig. 4.3.f), a peak in 

organic carbon values was observed in the eastern region. As shown in figure 

4.3.g, the faunal bundance was also highest in eastern region which indicate a 

strong coupling between organic carbon and macrofauna. While, in southern area 

a reverse trend was seen for the density and organic carbon. Contrasting values 

were also obtained in the same area, where a high-density value corresponds with 

low organic carbon (Fig. 4.3.f, Fig. 4.3.g.). A low faunal density and organic 

carbon has been obtained in the central area. Distribution of macrobenthic 

biomass shown in figure 4.3.h, did not suggest any clear patterns but indicate the 

patchy distribution, as few high peaks are seen both in the northern as well as 

southern sectors. Nevertheless, the highest faunal biomass was in the northern 

sector at stn. BC-29, located at latitude 12.5 °  S and longitude 76°  E at the water 

depth of 5191 m (Fig. 4.3.h). 

4.3.4 Chlorophyll-a concentration in the CIOB 

The surface water chl-a concentration was obtained for the 40-48 days prior to the 

sampling day, (considering the particle flux rate of 120 m.day-1 ; Lampitt and 

Antia, 1997). Thus, the chl-a concentration in the surface water ranged from 0.04 

to 0.09 mg.m3  (0.06±0.01sd, n=39). The highest value was recorded at stn. BC-

14 (0.09 mg.m-3), followed by 0.08 mg.m 3  at TVBC-25. The lowest value of 0.04 

mg.m-3 was obtained at stn. BC-7. Considering the generally accepted notion that, 

only 3% of the surface production reaches the deep-sea, approximately 0.0013 to 
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0.0026 mg.in-3  (mean: 0.002±0.0003sd, n=39) of chl-a may arrive at the abyssal 

depths of the CIOB m) and will be available to the benthic consumers 

(Fig. 4.3.i). Similar to the surface chl-a, peak in the concentration of chl-a 

reaching the deep-sea was also observed at the same stations viz., stn. BC-14 

(0.0026 mg.m -3) and TVBC-25 (0.0023 mg.m -3). Also the lowest concentration of 

0.0013 mg.m3  was recorded at stn. BC-7, which is obvious as the bottom chl-a 

estimates are based on the surface computation. 

The concentration of chl-a in the surface water of CIOB almost followed the 

similar pattern as that of the organic carbon distribution (Fig. 4.3.j). A peak in chl-

a was observed around 14°  S latitude and 76 °  E longitude. Similarly, higher 

concentrations of chl-a was seen in the northern sector of the study area. 
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Fig. 4.3.g: Distribution of macrofaunal density in the Central Indian Ocean 



Fig. 4.3.h: Distribution of macrofaunal biomass in the Central Indian Ocean 
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available at the bottom for benthic organisms 
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Plate 4.3.1: Representatives of polychaetes recorded in the present study 
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Plate 4.3.2: Representatives of nematodes recorded in the present study 
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Plate 4.3.3: Representatives of harpacticoids recorded in the present study 



Plate 4.3.4: Representatives of tanaids recorded in the present study 
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Plate 4.3.5: Representatives of isopods and bivalves recorded in the present study 



Plate 4.3.6: Tantulocaridae infested on (A) Metahuntmannia sp. and (B) Leptognathia sp. 



Results 

4.4 Temporal Variation in the distribution and abundance of Macrofauna 

in the Central Indian Ocean 

4.4.1 Abundance 

A total of 7 and 6 faunal taxa were observed respectively during March 2003 

(AAS-61) and April 2005 (ABP-04) cruises, indicating that there was no temporal 

change in the occurrence of major groups. The density and faunal composition 

observed during March 2003 (AAS-61) is shown in table 4.4.a. Among the 7 

groups, polychaetes were the most dominant (20 no.m -2), followed by Tanaidacea 

(6 no.m2) and Halacaridae (3 no.m -2). An unidentified nematode, unidentified 

larvae, Isopod (Macrostylis sp.) and Archaeogastropoda (Anatoma sp.?) 

contributed 2.no.m2  each to the total density. 

Ampharetidae (7 no.m -2) was the dominant genera among polychaetes, followed 

by Brada sp., (4 no.m-2). Families Ariciidae, Eunicidae and Maldanidae, each 

contributed 2.no.rn2 . While, Sabellidae, Spionidae and Exogone sp., shared the 

lowest density of 1 no.m -2  each. Apseudes sp. and Collettea sp., contributed a 

highest density of 2 no.m -2  among the tanaidacea. However, a lower density share 

was contributed by the Leptognathia sp., (1 no.m2). The total density of 

macrofauna ranged between 0-67 no.m 2  during March 2003, with a mean density 

of 37±23sd; n=10. The highest density of 67 no.m 2  was obtained at stns. BC-20 

and BC-26. The faunal densities obtained during the April 2005 (ABP-04) cruise 

are depicted in table 4.4.a. A total of 6 groups were obtained, among which 

nematodes were the most dominant with a mean density of 25 no.m -2, followed by 

polychaetes (17 no.m2), tanaids (6 no.m -2), bivalves (5 no.m -2), isopods 

(Macrostylis sp. (2 no.m2)) and nimertines (2 no.m -2). Viscosia sp. (3 no.m-2), 

Halalaimus sp. (3 no.m -2) and Dolicholaimus sp. (3 no.m -2) were the most 

dominant among nematodes. However, unidentified nematodes were having the 

highest density (4 no.m -2). Contibution of other genera such as Phanoderma sp., 
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Filoncholaimus sp., Comesa sp., Adoncholaimus sp., Calyptronema sp. and 

Sabatieria sp. was very less (each having the density of 2 no.m -2). 

Among the polychaetes Prionospio sp. and unidentified species had the density of 

4 no.m-2, followed by Glycera sp. (3 no.m-2). Brada sp., Maldane sp., and 

Lumbriconeries latreilli had a density of 2 no.m -2  each. Paranathura sp., 

Paraleptognathia sp. and unidentified tanaids had the density of 2 no.m -2  each. 

Among the bivalves, Mendicula sp with a density of 3 no.m -2  was the dominant 

followed by Montacuta sp. (2 no.m2). The total macrobenthic density ranged 

from 15-133 no.m -2  with a mean value of 57±46sd (n=10). The highest value of 

133 no.m-2  was obtained at stn. TVBC-03. 

4.4.2 Biomass 

The biomass variation between March 2003 and April 2005 is given in table 

4.4.a. Polychaetes dominated the biomass during March 2003 with 0.22 mg.m 2 , 

followed by Archaeogastropoda (Anatoma sp.? (0.11 mg.m-2)), Tanaidacea (0.04 

mg.m2), Isopoda (0.02 mg.m 2) and unidentified larvae (0.01 mg.m 2). Nematoda 

and Halacarida had very low biomass of 0.004 mg.m -2  and 0.006 mg.m -2 

 respectively. Among the polychaetes, family Ampharetidae contributed the 

maximum biomass (0.06 mg.m -2), followed by Brada sp. (0.05 mg.m-2). 

Eunicidae and Sabellidae family had a biomass of 0.03 mg.m -2  each. While, 

Maldanidae and Ariciidae family each had a biomass of 0.02 mg.m -2 . Exogone sp. 

and Spionidae family each contributed a lowest biomass of 0.01 mg.m -2  each. 

Among tanaids, Apseudes sp. contributed maximum to the biomass (0.02 mg.m -2). 

Leptognathia sp. and Collettea sp. had the lowest biomass values of 0.01 mg.m -2 

 each. 

During April 2005, polychaetes had the maximum biomass among all the groups 

with a share of 0.3 mg.m -2 , followed by Nematoda (0.05 mg.m -2) and Tanaidacea 
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(0.03 mg.tn -2). Veneroida, Isopoda (Macrostylis sp.) and Nimertina had the lowest 

biomass of 0.01 mg.m-2  each. Among the polychaetes, Brada sp. had the 

maximum biomass of 0.15 mg.tn 2, followed by Prinospio sp. (0.05 mg.tn -2), 

Maldane sp. (0.04 mg.tn -2), unidentified polychaetes (0.03 mg.m 2), Glycera sp. 

(0.02 mg.m-2) and Lumbriconeries latreilli (0.01 mg.tn-2). Viscosia sp. and 

Halalaimus sp., each had a biomass value of 0.007 mg.tn 2 . Other nematode 

species contributing to the macrobenthic biomass were Adoncholaimus sp. (0.005 

mg.tn-2), Dolicholaimus sp. (0.004 mg.tn -2), Sabatieria sp. (0.004 mg.m .2), 

Filoncholaimus sp. (0.003 mg.tn -2), Calyptronema sp. (0.003 mg.tn-2), 

Phanoderma sp. (0.002 mg.tn2) and Comesa sp. (0.002 mg.tn2). Unidentified 

nematodes had the highest biomass with a value of 0.008 mg.tn -2 . Among the 

tanaids, unidentified species had the highest biomass of 0.02 mg.tn 2 , followed by 

Paranathura sp. (0.008 mg.tn -2), Paraleptognathia sp. (0.004 mg.tn-2). While, 

among the bivalves, Mendicula sp. had the highest biomass of 0.007 mg.tn -2 , 

followed by Montacuta sp. (0.004 mg.m-2). 

4.4.3 Vertical distribution 

During March 2003 sampling, the macrofauna was recored only down to 10 cm 

sediment depth, with highest density (41 no.m -2) and diversity (5 species) at the 5-

10 cm section (Fig. 4.4.a.I). The top 0-2 cm section comparatively had a lower 

density of 16.no.m2  with only 2 species and 2-5 cm section had no fauna. 

Whereas, during the April 2005, macrofauna were observed vertically down to 30 

cm sediment depth (Fig. 4.4.a.II) and highest abundance of 24 no.m 2  was in the 2-

5 cm and 5-10 cm section. As shown in figure 4.4.b.I and 4.4.b.II , the vertical 

distribution of macrofaunal biomass synchronized with the density during both 

the period. Also, the values for labile organic matter were low throughout the 

sediment depth in March 2003 (4.4.c.I) compared to the April 2005 (4.4.c.II) 

study. 
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4.4.4 Variability in benthic standing stock and environmental parameters 

during the two cruises 

Higher density of macrofauna was observed at station TVBC-03, TVBC-04, 

TVBC-08 and TVBC-20 during April 2005 compared to March 2003 (Fig. 4.4.d). 

In terms of percentage increase/decrease, TVBC-03 showed a increase of 300% 

during April 2005 followed by 167% at stn. TVBC-04 (Table 4.4.b). However the 

sediment organic carbon did not show much variation during both the cruises. The 

organic carbon values ranged between 0.18 to 0.41% during the March 2003 and 

0.07 to 0.41 for the April 2005 (Fig. 4.4.e). The percentage decrease for organic 

carbon was marginal and ranged between -10% to -62% (Table 4.4.b). Majority of 

the stations showed a higher concentration of sediment protein (Fig. 4.4.f), 

sediment CHO (Fig. 4.4.g), and surface water chl-a (Fig. 4.4.h) during the ABP-

04 samples. The sediment protein values ranged between 0.2 to 1.06 mg g -1  dry 

wt during March 2003 and 0.71 to 2.21 mg g-1  dry wt during April 2005. While, 

There was an overall 164%, 227%, 5% increase for sediment protein, CHO and 

water chl-a during the April 2005 cruise compared to the March 2003 (Table 

4.4.b). Also, bacteria and sand did show a high increase during April 2005 

compared to March 2003 in some selected stations (Table 4.4.b), however this 

variation was not significant. Variations of other parameters for the two samplings 

are given in table 4.4.c. 

4.4.5 Mann-Whitney and t-test 

Between the two studies, there was no significant variation in macrofaunal density 

(U=50, p=1.00, n=20), biomass (U=40, p=0.481, n=20), meiofaunal density 

(U=30.5, p=0.166, n=20) and meiofaunal biomass (U=58, p=0.579, n=20). Also 

sediment content: silt% (U-44, p=0.684, n=20), sand% (U=72, p=0.105, n=20), 

clay% (U=54, p=0.796, n=20), chl-a U=28, p=0.710, n=14), organic carbon 

(t=0.749, p=0.466, df=14), bacteria (U=33, p=0.3, n=14), H' (U=40.5, p=0.529, 
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n=20), J (U=13, p=0.792, n=20), d (U=51, p=0.387, n=20) and E(Sn) (U=63, 

p=0.347, n=20) did not show any significant variation. This indicates that, there 

was no temporal variation in the above parameters. While significant variation 

was observed between sediment protein (U=43, p=0.02, n=14) and carbohydrate 

(U=7, p=0.03, n=14) between the two samplings. 
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Table 4.4.a: Temporal variation of macrofaunal density (no.m -2
) and 

biomass (mg.m-2) 

Taxon March 2003 April 2005 
Density Biomass Density Biomass 

Exogone sp. 1 0.013 --- --- 
Sabellidae 1 0.032 --- --- 
Spionidae 1 0.010 --- --- 
Ampharetidae 7 0.055 --- --- 
Aricidea wassi 2 0.021 --- --- 
Brada sp. 4 0.047 2 0.154 
Eunicidae 2 0.025 --- --- 
Maldanidae 2 0.018 --- --- 
Prionospio sp. --- --- 4 0.051 
Maldane sp. --- --- 2 0.044 
Lumbriconeries latreilli --- --- 2 0.006 
Glycera sp. --- --- 3 0.015 
Polychaeta (unidentified) --- --- 4 0.029 
Viscosia sp --- --- 3 0.007 
Phanoderma sp. --- --- 2 0.002 
Halalaimus sp. --- --- 3 0.007 
Filoncholaimus sp. --- --- 2 0.003 
Dolicholaimus sp. --- --- 3 0.004 
Comesa sp. --- --- 2 0.002 
Adoncholaimus sp. --- --- 2 0.005 
Calyptronema sp. --- --- 2 0.003 
Sabatieria sp. --- --- 2 0.004 
Nematoda (unidentified) 2 0.004 4 0.008 
Leptognathia sp. 2 0.013 --- --- 
Apseudes sp. 2 0.014 --- --- 

Collettea sp. 2 0.009 --- --- 

Paranathura sp. --- --- 2 0.008 
Paraleptognathia sp. --- --- 2 0.004 
Tanaidacea (unidentified) --- --- 2 0.020 
Macrostylis sp. 2 0.022 2 0.006 
Anatoma sp? 2 0.110 --- --- 

Montacuta sp. --- --- 2 0.004 
Mendicula sp. --- --- 3 0.007 
Halacaridae 3 0.006 --- --- 
Nemertine --- --- 2 0.011 
Larvae (unidentified) 2 0.013 --- --- 
Total 37 0.415 57 0.403 



Table 4.4.b: Percentage increase/decrease in the biotic and sediment parameters during April 2005 compared 
to March 2003 

Stn. No Macro 

density 

Macro 

biomass 

Organic 

carbon 

Sed. 

protein 

Sed. CHO Water 

chl-a 

Meio 

density 

Meio 

biomass 

Sediment 

bacteria 

Sand Silt Clay 

TV-BCO3 
300 -16 -10 305 169 19 -25 80 -55 -52 11 -2 

TV-BC04 
167 -6 0 96 -84 * 67 43 -59 134 -11 12 

-- -62 290 83 5 -38 -56 5369 29 -28 17 
TV-BC8 -- 

TV-BC13 
-25 416 -30 * * 7 -56 -25 * 170 -29 24 

TV-BC14 
0 -58 4 236 233 -32 -20 -2 -36 27 -1 0 

TV-BC18 
-33 -72 -15 * * * -18 -38 * 1340 -22 13 

TV-BC19 
-33 -90 -27 * * * -18 49 * -14 36 -15 

TVBC-20 
33 -73 13 61 967 -3 -30 -9 978 56 -2 0 

TVBC-25 
-33 46 * -16 43 25 14 7 -50 -36 -16 11 

TVBC-26 
-56 -38 * 177 179 15 133 155 895 237 104 -28 

Mean 
35 12 -16 164 

_ 
227 5 1 10 240 189 4 3 



Table 4.4.c: Temporal variation of other benthic parameters and diversity indices 

Station 
Nos. 

Macro biomass Meio density Meio biomass Sand Silt Clay Sed. bacteria H' D J E(S10) 

Mar-031 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 Mar-03 Apr-05 

TV-BCO3 0.56 	0.47 8 6 0.002 0.003 2.32 1.12 23.66 26.29 74.02 72.59 2.1E+07 9.6E+06 1.099 2.043 0.57 1.431 1 0.9826 2.979 5.908, 

TV-BC04 0.28 0.26 3 5 0.002 0.002 0.44 1.03 44.91 39.92 54.65 61.05 7.3E+07 3.0E+07 0 1.667 0 1.047 - 0.9306 1 4.766 

TV-BC08 0.00 0.04 13 8 0.007 0.003 0.7 0.9 37.49 26.92 61.81 72.18 2.0E+07 1.1E+09 0 0 - 0 - - 0 1 

TV- BC13 0.34 1.78 9 4 0.003 0.002 1.82 4.92 50.26 35.59 47.92 59.49 * * 1.04 1.099 0.49 0.527 0.946 1 2.921 2.976 

TV-BC14 1.10 0.46 10 8 0.005 0.005 2.01 2.55 35.13 34.76 62.86 62.69 1.9E+08 1.2E+08 0 0 0 0 - - 1 1 

TV-BC18 0.13 0.04 11 9 0.006 0.004 0.2 2.88 43.54 33.75 56.26 63.37 * 
* 

0 0 0 0 - - 1 1 

TV-BC19 0.32 0.03 11 9 0.007 0.003 3.12 2.69 28.9 39.43 67.98 57.88 0 0 0 0 - - 1 1 

TVBC-20 0.58 0.16 10 7 0.004 0.004 0.72 1.12 32.92 32.35 66.36 66.53 5.5E+07 5.9E+08 1.099 1.792 0.476 1.114 1 1 2.961 5.152 

TVBC-25 0.32 0.47 7 8 0.003 0.004 0.88 0.56 38.26 32.01 60.86 67.43 3.7E+08 1.8E+08 0.693 0.693 0.264 0.295 1 1 1.999 2 

TVBC-26 0.52 	 0.33 	 3 	 7 0.001 0.003 0.73 2.46 20.02 40.77 79.25 56.77 6.1E+07 6.1E+08 1.099 0.693 0.476 0.295 1 1 2.961 2 

* No data 
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Results 

4.5.1 Influence of sieve size on the macrofaunal abundance 

Separation of benthic fauna is done basically based on mesh size. Macrofauna is 

generally larger that 0.5 mm size and hence 0.5 mm mesh sieve is used for 

seperating. However, in recent year mesh sizes varying between 0.25 mm to 0.5 

mm are used for deep-sea studies, mainly because of the known miniaturization 

characteristic of the deep-sea fauna. Therefore, to study the effect of mesh size on 

the macrofauna two different mesh sieves (0.3 mm and 0 5 mm) were used in the 

present study. 

This study showed a dramatic effect of sieve size. Of the 120 individuals 

collected, 66 species were obtained with the 0 3 mm mesh compared to the only 

40 species (of 68 individuals) obtained with 0.5 mm mesh. As seen in figure 

4.5.a.I, out of the 120 individuals, 47 were nematodes (23 species), while 34 

individuals belonged to polychaetes (18 species) and 18 individuals belonged to 

harpacticoids (12 species). Only 11 individuals of tanaids (6 species), 6 

individuals of isopods (4 species), 3 individuals of bivalves (2 species) and 1 

individual of nemertine (1 species) were recorded (Fig. 4.5.a.I). 

With the coarser sieve (0 5mm), a total of 68 individuals were obtained, with 27 

nematodes belonging to 14 species, 20 polychaete belonging to 11 species, 9 

tanaids (6 species), 4 harpacticoids (4 species), 4 isopods (2 species), 3 bivalves 

(2 species) and 1 nemertine (1 species) were obtained (Fig. 4.5.a.II). 

Thus, the 0 5 mm mesh retained only 57% of individuals compared to the 0 3 mm 

mesh. Further, in terms of diversity, 61% of the species were collected with 0.3 

mm mesh, illustrating that 0 5 mm sieve resulted in the loss of 43% of individuals 

and 40 % of species. Among all the macrobenthic groups, a highest of 78% of 

individual (Fig. 4.5.b.I) and 67 % of species loss (Fig. 4.5.b.II) was observed for 

harpacticoids with a 0.5 mm mesh, while, there was no change obtained for 
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bivalves and nemertina (Fig. 4.5.b.I and 4.5.b.II), signifying that both the groups 

obtained in the present study were larger in size. The actual number of loss of 

species for each group is shown in figure 4.5.c. 

In the 0.5 mm mesh, the highest number of 9 individuals was recorded at stn. BC-

37, while 16 individuals were retained on 0.3 mm at stn. TVBC-04 (Table 4.5.a). 

Among all the sampling stations, highest percent loss (67%) was observed at stn. 

TVBC-19, BC-38 and TVBC-18 using the 0.5 mm mesh sieve. Density of 

macrofauna ranged between 0-237 no.m -2  using a 0 3 mm mesh, while a density 

of 0-133 no.m -2  was obtained with 0.5 mm mesh (Fig. 4.5.d), which shows >50% 

loss, with 0.5 mm sieve. Statistically the difference obtained was significant for 

the number of individuals (U=1296, p=0.0001, n=132) and macrofaunal species 

density (U=1296, p=0.0001, n=132). 

4.5.2 Diversity indices 

Shannon's index (H') ranged between 0-2.5 for 0 3 mm mesh, which dropped 

faintly for 0.5 mm mesh ranging between 0-2.2. The highest H' value for 0.3 

mesh (2.5) and 0.5 mm mesh (2.2) was obtained at stn. BC-37 (Table 4.5.a). 

However, the difference obtained was not statistically significant (U=190.5, 

p=0.0949, n=46). The maximum H' value using a 0.3 mesh was obtained for 

polychaetes (2.8) followed by nematodes (2.7), Harpacticoida (2.3) and 

Tanaidacea (1.6). While, the H' values decreased for 0.5 mm mesh with highest 

values obtained by nematodes (2.4), followed by polychaetes (2.2), tanaids (1.7) 

and harpacticoids (1.4) (Table 4.5 b). 

Pielous evenness (J) ranged from 0.91 to 1 for 0.3 mm mesh and for 0 5 mm mesh 

the values ranged between 0.93-1 (Table 4.5.a). There was no significant 

difference for for J between stations (U=107.5, p=0.7801, n=29) for the two 

meshes. For the 0 3 mm mesh, the polychaetes possessed the highest J value of 
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0.95, followed by harpacticoids (0.92), tanaids (0.92) and nematodes (0.87). The 

highest J values for 0 5 mm mesh was observed for Harpacticoida (1.0), followed 

by tanaids (0.94), polychaetes (0.93) and nematodes (0.92) (Table 4.5 b). 

Margalef's richness (d) ranged from 0.9 to 4.6 with 0 3 mm mesh, while d ranged 

from 1.4-3.6 for 0.5 mm mesh. However, the difference was not significant 

between stations (t=1.141, p=0.264, df=27) for the two meshes. In the 0.3 mm 

mesh, highest d value was obtained at TVBC-03 (4.6) and BC-37 (4.3). These 

same stations comprised the highest Margalef's richness for 0 5 mm mesh, but the 

values were considerably low (3.1 and 3.6 respectively) (Table 4.5.a). 

Hulbert's expected number of species (E(Sn)) ranged between 0-13 for 0 3 mm 

mesh, while the values were between 0-9 for 0.5 mm mesh (Fig. 4.5.e). But E(Sn) 

did not show a significant difference between station (U=190.5, p=0.101, n=46) 

for the two meshes. The highest E(Sn) value was obtained for nematodes (18.5), 

followed by polychaetes (15.1), harpacticoids (12) and tanaidacea (5.3) for 0.3 

mm mesh. For the 0 5 mm mesh, nematodes achieved the highest E(Sn) value of 

12, followed by polychaetes (9.6), while a lower E(Sn) value of 6 and 4 were 

achieved by tanaidacea and harpacticoida, respectively (Table 4.5 b). 

4.5.3 Biomass 

Biomass of the fauna retained on 0 3 mm mesh, ranged from 0 to 2.98 mg.nf 2 

 (mean: 0.64±0.86sd, n=23) among all the stations, while the biomass values for 

0 5 mm mesh was marginally reduced, ranging between 0-2.90 mg.m -2  (mean: 

0.51±0.79sd, n=23; Fig. 4.5.0. The difference in biomass of macrofaunal species 

using the two mesh sieves was statistically significant (U=1543 p=0.004, n=132). 

Polychaetes had a biomass of 0.4 mg.m -2  among the macrofauna retained on the 

0 3 mm mesh, followed by Tanaidacea (0.12 mg.ni 2), nematodes (0.06 mg.m-2), 
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isopods (0.04 mg.m -2) and harpacticoid (0.03 mg.m -2). Bivalves and nemertine 

had a biomass value of 0.001 and 0.005 mg.m 2 , respectively (Fig. 4.5.g). The 

biomass values of fauna retained in the 0.5 mm mesh was comparatively low (Fig. 

4.5.g). Highest, 90% loss in the biomass was observed for polychaetes using the 

0.5 mm mesh, followed by a 78% loss of biomass for nematodes. Tanaidacea 

showed a loss of 65%, while, Isopoda and Harpacticoida showed a loss of 45% 

and 24% respectively. Bivalves and nimertine did not show any change in 

biomass for 0.3 and 0.5 mm mesh. 

4.5.4 Vertical distribution 

4.5.4.1 Density 

Vertically the density of macrofauna was much higher with the 0.3 mm mesh (60 

no.m2) compared to the 32 no.m 2  for the 0.5 mm mesh in top 0-5 cm sediment 

depth. Thus, a 50% density loss was seen with 0.5 mm mesh in the 0-2 cm 

sediment section. The density loss was even more (55%) at 2-5 cm sediment 

depth. Below the 5 cm sediment depth, the density was similar for both the mesh 

sizes (Fig. 4.5.h). Also the higher diversity of fauna was obtained in the top 0-5 

using a 0.3 mm mesh compared to the 0.5 mm mesh. The diversity remained 

constant for both the mesh sizes below 5 cm sediment depth (Table. 4.5.c). 

Vertically, the macrofaunal density did not show a significant difference (t=0.718, 

p=0.486, df=12) between the two sieves. 

4.5.4.2 Biomass 

Similar to the density values, vertically the biomass values were higher in the 0.3 

mm mesh compared to the 0.5 mm mesh. The upper 0-2 cm and 2-5 cm sediment 

layer showed a loss of 40% and 78% of macrofaunal biomass with 0.5 mm mesh 

(Table 4.5.c). Below 5 cm section, the biomass values remained constant for both 
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the mesh (Fig. 4.5.i). Similar to density, macrofaunal biomass also did not show a 

significant difference (t=0.771, p=0.298, df=12) with sediment depth for the two 

sieves. 
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Table 4.5.a: Structural analysis of macrofaunal density using the two meshes 

Stn no. No of individuals H' d J 

0.3 mm 0.5 mm 0.3 mm 0.5 mm 0.3 mm 0.5 mm 0.3 mm 0.5 mm 
TVBC-25 3 2 1.10 0.69 1.82 1.443 1.00 1.00 
TVBC-26 5 2 1.61 0.69 2.485 1.443 1.00 1.00 
BC-27 4 4 1.39 1.39 2.164 2.164 1.00 1.00 
TVBC-03 1 	14 9 2.54 2.04 4.547 3.186 0.99 0.98 
BC-28 11 5 2.27 1.61 3.753 2.485 0.99 1.00 
TVBC-20 10 6 2.30 1.79 3.909 2.791 1.00 1.00 
BC-29 9 5 1.83 1.33 2.731 1.864 0.94 0.96 
BC-30 0 0 0 
BC-31 9 4 2.04 1.04 3.186 1.443 0.98 0.95 
BC-32 6 4 1.79 1.39 2.791 2.164 1.00 1.00 
TVBC-04 16 8 2.18 1.67 3.607 2.404 0.91 0.93 
TVBC-19 3 1 1.10 0 1.82 --- 1.00 --- 
BC-33 1 1 0 --- 

TVBC-18 3 1 1.10 0 1.82 --- 1.00 --- 
BC-34 1 0 0 --- 

TVBC-14 1 1 0 
BC-35 1 1 0 
TVBC-13 3 3 1.10 1.10 1.82 1.82 1.00 1.00 
TVBC-08 2 1 0.69 0 1.443 --- 1.00 --- 
BC-36 0 0 0 
BC-37 13 9 2.46 2.20 4.289 3.641 0.99 1.00 
BC-38 3 1 0.64 0 0.9102 --- 0.92 --- 
BC-40 2 0 0.69 0 1.443 --- 1.00 --- 

Mean 5.22 2.96 1.17 0.74 2.62 2.24 0.98 0.99 



Table 4.5.b: Diversity indices for the two mesh sizes 

Taxon 
	

No. of 	No. of 	Margaler s 	Pielou's 	Hulberts 	Shannon-Wiener 
species (S) individuals (N) Species richness (d) Evenness (J') rarefaction (ESn) Diversity index (1-1) 

0.3 mm mesh sieve 
Nematode 23 30 6.451 0.868 18.51 2.723 
Polychaete 18 22 5.508 0.955 15.09 2.76 
Harpacticoid 12 12 4.489 0.921 12 2.289 
Tanaid 6 7 2.554 0.916 5.286 1.642 
0.5 mm mesh sieve 
Nematode 14 17 4.552 0.916 12.04 2.416 
Polychaete 11 13 3.913 0.931 9.615 2.233 
Harpacticoid 4 4 2.164 1 4 1.386 
Tanaid 6 6 2.845 0.936 6 1.677 



Table 4.5.c: Variation in vertical distribution of macrofauna using the two meshes 

Sediment 
depth (cm) 0.3 mm mesh 0.5 mm mesh 

Macrofaunal 
density (% 
loss in 0.5 mm 
mesh) 

Macrofaunal 
biomass (% 
loss in 0.5 mm 
mesh) 

0-2 

Enoplolaimus sp., 

Viscosia sp., 

Scoloplos sp., 

Lumbriconeries sp., 

Parameiropsis sp. 

Enoplolaimus sp., 

Viscosia sp. 

50% 40% 

2-5 

Phanodermopsis sp., 

Crenopharynx sp., 

Phanoderma sp., 

Capitella sp., 

Capitellidae Gns., 

Scoloplos sp., 

Tanaella sp., 

Leptognathia sp., 

Ameiridae, 

Unidentified harpacticoid 

Crenopharynx sp., 

Phanoderma sp., 

Capitella sp, 

Scoloplos sp., 

Tanaella sp., 

Leptognathia sp. 

55% 78% 

5-10 

Micoletzkyia sp., 

Phanoderma sp., 

Leptognathidae, 

Oligochaete 

Micoletzkyia sp., 

Phanoderma sp., 

Leptognathidae, 

Oligochaete 

0% 0% 

10-15 

Unidentified nematode, 

Phanoderma sp., 

Unidentified Isopode 

Unidentified nematode, 

Phanoderma sp., 

Unidentified Isopod 

0% 0% 

15-20 
Capitella minima, 

Odantanticoma sp. 

Capitella minima, 

Odantanticoma sp. 

0% 0% 

20-25 0% 0% 

25-30 Capitellidae Gns. Capitellidae Gns. 0% 0% 
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Fig. 4.5.a: Variation in number of individuals and species for the two mesh sizes 
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Fig. 4.5.d: Spatial variation of macrofaunal density and effect of mesh size 
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Fig. 4.5.f: Macrofaunal biomass variation in the two mesh sizes 
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Fig. 4.5.h: Difference in the macrofaunal density due to two mesh sizes 
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Discussion 

Prior to the present study, published informations are very few on the macrofauna 

in the Central Indian Ocean (Parulekar et al., 1982, 1992; Ingole et al., 1992, 

2000, 2001; Ingole, 2003; Ingole et al., 2005a). Further, most of the work in the 

past has been restricted to the group level. Thus, this is the first attempt to study 

the macrofaunal community structure in a broader perspective, considering the 

spatial as well as temporal changes. 

5.1 Macrofaunal community structure 

5.1.1 Faunal composition and abundance 

As in most of the benthic sedimentary habitat, the faunal composition was 

dominated by the polychaetes and nematodes with mean macrofaunal density of 

30 no.m-2  and 44 no.m-2  for March 2003 and April 2005 studies, respectively. 

Parulekar et al. (1992), studied the benthos of the Western and the Central Indian 

Ocean and reported a mean macrobenthic density of 105 no.m 2  and 92 no.m2  in 

water depths of 5000-5499 and 5500-5999 m respectively. Further, Ingole (2003), 

found an average macrofaunal density of 376 no.m 2  from 56 stations in the depth 

range of 1254-6005 m, and the mean biomass value was 1.0 g wet wt m2. All the 

above studies reported higher macrofaunal density and biomass compared to the 

present study. This was mainly due to the inclusion of some shallower stations 

from the Exclusive Economic Zone of Mauritius and Seychelles. However, the 

dominance of polychaetes in the macrofauna has been reported in all the deep-sea 

studies. Though Ingole (2003), considered nematodes among the macrofauna, 

their density were very low (4%) compared to the present study. Similar to the 

present study, lower macrofaunal densities (88 no.m -2) have been reported in the 

Pacific Ocean on the Cape Verde Abyssal plain (Sibuet et al., 1993). The low 

density in the abyssal CIOB was probably due to the lower primary productivity 

(PP) in the surface water. The PP values reported by Matondkar et al. (2005), in 

the CIOB, ranged between 9.06 mg C m -2d-1  to 103.4 mg C in-2e. Similar values 
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of PP had also been reported earlier in the CIOB by Krey (1973) and Krey and 

Babenerd (1976). Likewise, Holmes (1961), Ryther (1969) and Kolbentz — 

Mishke et al. (1970), reported PP of 150 mg C in -2d-1  for South Pacific Ocean and 

were in close agreement with the values obtained by Matondker et al. (2005), in 

the CIB. Further, the PP values in CIB were higher than those reported for the 

equatorial Pacific (Malone, 1971; El-Sayed and Taguchi, 1979; mean: 10 mg C 

2d-1 ). It has been observed that there is a variation in the density and composition 

of the macrofauna due to the water depth with a difference of even 500 m. Rowe 

et al. (1974), observed a density of 785 no.m -2  and biomass of 0.69 g.in-2  at 2425 

to 3923 m depth and lower values were obtained for depth range between 4901 

and 4950 m (density: 175 no.m 2  and biomass: 0.22 g m2), in the northwestern 

Atlantic Ocean. In the present study, the water depths ranged from 4810 to 5693 

m (Table 1), with an exception of one station (BC-37) located at 4252 m, which is 

a seamount location. Thus, most of the earlier deep-sea macrofaunal studies 

showed a much higher density compared to the present study. It is important to 

note that, very few studies have depths similar to the present work (Rowe et al., 

1974; Smith, 1978; Sibuet, et al., 1989). Moreover, nearly all the earlier 

investigations are restricted at around 4000 m water depths and have used 

different sieve size for separating the macrofauna (0.25-0.5 mm) Therefore, it did 

not offer a true comparison with the present study. 

Deep-sea macrofauna is known to feed either on matters available in the interface 

water (fillter-feeders), or ingest bulk sediment from the sediment surface or from 

deeper sediment layers (deposit-feeders). Some act as predator/scavenger 

(predating, e.g. on meiofauna; Flach et al., 1999), but majority of the deep-sea 

macro-invertebrates are known to be deposit feeders (Sanders, 1958; Rhoads, 

1974; Gray, 1981). 

Among the polychaetes, family Ampharetidae and Spionidae (Prionospio sp.) 

were the most dominant in March 2003 and April 2005 (Fig. 4.1.a and 4.2.b). 
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Most of the members belonging to these two families are surface deposit feeders 

(Fauchald and Jumars, 1979) and known to dominate the deep-sea macrofauna 

(Wilson and Hessler, 1987). Furthermore, these polychaete families are well 

represented bathyally where food is sparse (Hartman, 1965; Hessler and Jumars, 

1974). Thus, their dominance in the abyss of CIOB which is sustained by low 

surface primary productivity (Matondkar et al., 2005) is not surprising. During 

March 2003, the surface deposit feeders constituted 71.4% of the polychaetes, 

while the carnivorous and the subsurface deposit feeders constituted 14.3% each 

(Fig. 5.1). Similar results were obtained during April 2005, with 68.8% of deposit 

feeding polychaetes, 18.8% carnivores and 12.5 % of subsurface deposit feeders 

(Fig. 5.2). Only 3 species of carnivores were obtained in the present study viz., 

Glycera sp., Glycinde sp. and Euphrosine myrtosa. On morphological grounds, it 

is postulated that the carnivorous habit is the primary feeding mode among the 

Glycera sp., and that an unknown, probably small number of species have become 

detritivores. It is further suggested that, bathyal and abyssal glycerids can use both 

modes (Fauchald and Jumars, 1979) and hence are capable to adapt the less 

productive CIOB for their survival. The Euphrosinidae (Euphrosine myrtosa) are 

also carnivorous in nature and in the deep-sea their major diet is known to be 

foraminiferans (Fauchald and Jumars, 1979). The surface deposit feeding 

stratagem of deep-sea Hesionidae family, Flabelligera sp., Brada sp., 

Lumbriconeries latreilli, Sabellidae family, Exogone sp. and Eunicidae were 

investigated and documented by Fauchald and Jumars (1979) and Thistle (1979). 

These surface deposit feeders also contributed substantially to the polychaetes 

composition in the CIOB (Fig. 4.1.a and 4.2.b). The subsurface deposit feeders 

belonging to family Maldinidae were observed in March 2003 as well as in April 

2005. The subsurface deposit feeding nature of Maldinidae family (Axiothella sp. 

and Maldane sp.) and Aricidae wassi, were confirmed by Fauchald and Jumars 

(1979). Maldanids are known to build tubes throughout their life, and hence move 

slowly from one location to another. It suggests that species with poorly 

constructed tubes and all deep-water species have this capability. It is unlikely 
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that forms living in food-rich environments, will keep on constructing tubes for an 

extended time. According to Fauchald and Jumars (1979), maldanids are capable 

of continuous tube building. The experimental studies have also confirmed the 

amount of food available and the tube-building activity of maldanids. Studies of 

some smaller macrofauna have revealed a response where the organism, by means 

of a relatively simple change in behavior, may change to feeding on suspended 

particles rather than on particles lying on the sediment surface. These interface 

feeders can switch to suspension feeding, depending on flow energy, by a simple 

re-orientation of feeding appendages into the overlying water (Taghon et al., 

1980; Dauer et al., 1981). 

Among all the polychaetes the deposit feeders showed a wide spatial distribution 

in CIOB, wherein Brada sp., was the most widely distributed (11.5 °  S to 15°  S), 

followed by Prionospio sp., (latitude 12 °  S and 16.1 °  S) and Ampharetidae family 

(10.2°  S to 13 °  S) (Fig. 4.3.a). These surface deposit-feeding polychaetes are 

known to survive well in the food limited deep-sea habitat (Wilson and Hessler, 

1987). 

During March 2003, 60% of the nematodes were omnivores-

carnivores/facultative predators; the remaining 40% belonged to the selective 

deposit feeders (Fig. 5.1), while during April 2005, nematodes belonging to four 

different feeding types were obtained (62% were omnivores-

carnivores/facultative predators, 14 % selective deposit feeders, 14% epigrowth 

feeders and 10% non-selective deposit feeders; Fig. 5.2). The most dominant 

omnivores-carnivores/facultative predators were Viscosia sp., Polygastrophora 

sp. and Dolicholaimus sp., followed by Filoncholaimus sp., Adoncholaimus sp., 

Calyptronema sp., Belbolla sp., Metacylicolaimus sp. and Trileptium sp., while 

Leptosomatum sp. and Halalaimus sp., were the most dominant selective deposit 

feeders. The dominant Viscosia sp., showed a wide spatial distribution between 

latitude 11.23 °  S to 16°  S (Fig. 4.3.b). Cephalanticoma sp. and Sabatieria sp. are 
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the non-selective deposit feeders, while, Comesa sp. and Phanoderma sp. are the 

epigrowth feeders. The feeding type categorization is based on the shallow water 

feeding stratergies described by Wieser (1953) and Tietjen and Lee (1977). 

However, the predator-prey encounter in the deep-sea would be very less 

compared to the coastal environment; hence, the feeding strategy might vary in 

the deep-sea. It also depends on the strike rate of the predator and their success in 

predation (Moens et al., 1999). 

In an experimental study, Moens et al. (2000) demonstrated low predatory 

efficiency in nematode Adoncholaimus fuscus, which is a known omnivores-

carnivores/facultative predator and has low strike rates. Even when the 

environment was devoid of other food, A. fuscus did not increase its predation 

efficiency. It has been demonstrated elsewhere that, oncholaimid nematodes 

preferentially feed in organically enriched microhabitats, probably utilizing a mix 

of particulate and dissolved compounds, and that predation is merely a facultative 

strategy (Lopez et al., 1979; Moens et al., 1999). Eventhough, the knowledge 

about the biology of other deep-sea species is limited, similar stratagem might be 

adapted by the other deep-sea nematodes, which result in their dominance in the 

deep-sea macrofauna. 

Furthermore, the feeding behaviors have not been directly studied on the deep-sea 

tanaid, harpacticoids, isopods and bivalves and little is known about the ecology 

of tanaids except for a few littoral species (Holdich and Jones, 1983a). Among 

tanaids, Leptognathia sp. (Fig. 4.1.c and 4.2.c) was the dominant tanaid in the 

present study. Most of these leptognathiids are no smaller than others in the 

continental shelf (Holdich and Jones 1983a,b). Nevertheless, small size may be an 

advantage to species competing for minimal resources (Thiel, 1975; 1979), and 

the study of mouthparts of these species suggests that they feed on micro-

organism/detritus aggregates. These could be the probable reason for their high 
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density and wide spatial distribution (latitude 11.5 °  and 16.2°  S; Fig. 4.3.d) of 

Leptognathia sp., in the CIB. 

Harpacticoids were the dominant crustaceans obtained in the present study. 

Generally free-living harpacticoid copepods are known to feed on organic detritus 

particles and mucus (Rudnick, 1989; Rieper et al., 1991; Ingole, 1994a), some 

feed on microalgae (Ingole, 1982; Rieper, 1985; Decho, 1988; Ingole, 1994b), 

protozoans (Rieper and Flotow, 1981) and many species are believed to feed on 

bacteria which are attached to detritus or to mucus films (Rieper, 1978; Hicks and 

Coull, 1983). Studies have shown that Pseudobradya pukhella (Ectinosomatidae) 

feeds on diatoms Navicula directa and N. pelliculosa, ciliates and bacteria (Coull 

and Dudley, 1976), while carnivory has been demonstrated for two species of 

Ectinosoma (Ectinosomatidae). Because of their wide distribution and their large 

number of species, Ectinosomatidae are called the 'jacks of all habitats' (Hicks 

and Coull, 1983). Scottolana longipes (Ingole, 1994a) and Amphiascoides 

subdebilis (Ingole, 1994b) are known to feed extensively on diatoms and ciliates 

under the laboratory conditions. However, these particular genuses were not 

obtained in the present study. Overall, it can be concluded that most of the 

harpacticoid species in the present study are either detritivorous or bacterivorus, 

since the deep-sea environment is generally food limited. 

Among crustaceans, Isopoda was the least abundant during both the study periods 

and was represented by only two families' viz. Macrostylidae and Haploniscidae 

(Fig. 4.1.c and 4.2.d). Several studies have treat the gut contents of deep-sea 

isopods (Svavarsson et al., 1993; Gudmundsson et al., 2000) and revealed 

foraminifers as important food source for some species. Some other deep-sea 

isopods, Echinozone arctica and lyarachna Bergendali are reported to be mainly 

feeding on the deep-sea foraminifera. Even then their guts composed of only 5% 

of the diatoms (Gudmundsson et al., 2000). In the current study, high density (30 

no.m-2) of isopods were observed at station BC-37 (Fig. 4.2.e), which could be 
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no.m-2
) of isopods were observed at station BC-37 (Fig. 4.2.e), which could be 

due to the high amount of benthic foraminiferal ooze which was observed at this 

station. Agglutinated foraminiferans found in the sediments of the deep-sea are 

known to be a favourite prey item for deep-sea isopods (Svavarsson et al., 1993; 

Schmiedl et al., 1997; Gudmundsson et al., 2000). This station is located at the 

seamount summit and had relatively low amount of organic carbon (0.09%) in the 

sediment compared to the other stations in the adjoining abyssal plain (Fig. 4.2.0. 

Also, Heinz et al., (2004) observed lower levels of surficial sedimentary organic 

carbon at the summit of the Great Meteor Seamount than in the slopes and the 

adjacent abyssal plain and suggested that this may be due to an accumulation of 

material from the top during lateral and vertical transport and resuspension 

processes. 

According to various studies, the structure of the macrofauna depends on the 

feeding modes of the various species present, which in turn depend on the quality 

of available food (Dauwe et al., 1998; Wieking, 2002). Fresh organic matter will 

result in abundance of species mainly feeding at the sediment surface or in the 

benthic boundary layer, while refractory organic matter will enhance subsurface 

deposit feeders and predators. Some studies show that under 'normal' conditions, 

the potential food of deposit feeders seems to be an unpromising mixture of 

lithogenic and biogenic particles. These have very low refractory organic carbon 

content and sparse populations of micro-organisms (Jannasch and Wirsen, 1973; 

Sorokin, 1978; Deming and Colwell, 1982; Tabor et al., 1982). However, the 

organic carbon content in the CIOB varied between 0.14 to 0.46% (Fig. 4.1.e) and 

0.07 to 0.41% (Fig. 4.2.0 during March 2003 and April 2005 respectively (Nath 

et al., 2005, 2006). The rain of labile organic material from the overlying water 

column and the transformation of refractory organic matter into labile organic 

matter by sediment bacteria are thought to be the two processes that provide food 

for deep-sea benthic fauna (Richardson and Young (1987). The labile part of the 

organic matter consists of major fraction of carbohydrates and proteins, which are 
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assumed to be easier to digest and assimilate by the benthic consumers (Fichez, 

1991; Danovaro et al., 1993; Fabiano et al., 1995; Tselepides et al., 2000; 

Raghukumar et al., 2001), whilst, the refractory matter are composed of complex 

substances like humic acids and fulvic acids which is slowly broken down by 

bacteria (Henrichs, 1992; Danovaro et al., 2001). Bacteria transform refractory 

material into more labile forms prior to its use by surface deposit feeders. The 

deep-sea sediment in CIOB had a mean bacterial density of 1.43E+08 (Table 

4.1.b) and 1.35E+08 no.g -1 .dry wt (Table 4.2.b) during the March 2003 and April 

2005, respectively (Lokabharathi et al., 2005, 2006), which is probably sufficient 

for the processing of refractory matter. Infact, bacteria are known to sustain a 

much greater biomass in abyssal sediments than metazoa because of their ability 

to degrade aged organic material as well as their capacity to survive starvation 

(Witte, 2003a). Rex et al. (2006), reported a significant decrease in animal 

abundance with water depth where bacterial abundance was constant. Bacteria 

may enhance the nutritional value of refractory organic matter by converting it 

into bacterial biomass or degrading the complex detritus into simpler, more 

readily assimilable compounds. In either case, bacteria regulate this food source 

to deposit feeders according to their rate of transformation. The sedimentary 

proteins and carbohydrates in the present study were 0.7 mg.g -1  and 0.3 mg.g-1 

 (Fig. 4.1.f) during March 2003, while the values were 1.0 mg.g-1  and 0.4 mg.g-1 

 (Fig. 4.2.g) during April 2005, respectively (Lokabharati et al., 2005 and 2006). 

Present study reveals that CIOB has higher content of fresh organic matter, since 

higher sediment proteins were recorded compared to the carbohydrates. This 

indicates the possibility of flux of fresh organic material to the benthic 

environment. However, it could not be confirmed in the absence of flux data. 

Accordingly, a stipulated investgation leading to long-term flux measurement in 

CIOB would be vital. Availability of sedimentary proteins may be an important 

factor regulating the abundance of deep-sea benthic consumers (Deming and 

Barross, 1993). Since, the lower protein to carbohydrate ratio indicates the 

presence of aged organic matter (Danovaro et al., 1993) and higher ratio indicate 
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the presence of fresh flux and appears to be the most probable reason for 

abundance of surface deposit feeding fauna in the CIOB. 

The sediment organic carbon observed in the present study is comparable to 

reported values of CIOB (Gupta and Jauhari, 1994; Pattan et al., 2005) as well as 

that of the global average for the deep-sea sediments (0.2 wt%; Degens and 

Mopper, 1976). The low organic content in the CIOB is attributed to low 

sediment accumulation rates (Pattan et al., 2005) that allow more remineralization 

at the sediment water interface. The higher water depth (mean: 5187 m) in the 

present study may also facilitate extensive remineralization of organic matter 

during settling through water column, resulting in a low organic carbon content 

(Pattan et al., 2005). The low organic content in the CIOB indicates a well-

oxidized environment. Such a situation may be possible due to the influx of 

Antarctic Bottom Water (AABW) into the Central Indian Basin through the 

saddle at around 5 °S along the Ninety East Ridge (Warren, 1982). The AABW 

enriched in the dissolved oxygen helps the organic carbon to get oxidized. 

5.1.2 Macrobenthic biomass 

Among deep-sea organisms, both gigantism and dwarfism occur, evolutionary 

trends that can be explained by selection on optimal foraging strategies (Gage and 

Tyler, 1991). A foraging animal may adapt to low food levels by increasing its 

size or decreasing its maintenance costs (decrease in size; Carney et al., 1983). 

Sibuet et al. (1993) observed (in the north-east tropical Atlantic) a relatively 

smaller impact of decreasing food input on the smaller organisms and a sharper 

decrease in large organism abundance when food diminished. In general, a 

decrease in average body-size with depth is reported for most faunal components. 

This appears to be caused by a replacement of larger species by smaller ones 

(Carney et al., 1983). Thiel (1975; 1979) and Rex et al. (1999; 2006) showed a 

decrease in average organism size with depth. Similar observation was made by 
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Gage and Tyler (1991), wherein deep-sea invertebrate fauna had a small size in 

most species compared to their shallow water counterparts. 

Most investigators report only the faunal densities because the biomass 

measurement of small animals is technically difficult and the taxonomic value of 

deep-sea specimens precludes bulk ash-free dry weight determination (Richardson 

and Young, 1987). Hence, deep-sea macrobenthic biomass is usually given as wet 

weight (Kroncke and Tiirkay, 2003). But AFDW are estimated using conversion 

factors given by McIntyre and Eleftheriou (1968). Since AFDW excludes ash 

weight, it is more reliable for comparison among taxa (Rowe, 1983). Kroncke et 

al., (2003) recorded biomass values ranging between 2-94 mg (ww) 0.25m -2  in the 

Mediterranean deep-sea. The mean biomass values, however, in the present study 

were 0.5 mg AFDW.m-2  (Table. 4.1.a) and 0.6 mg AFDW.m -2  (Table 4.2.a) 

during the March 2003 and April 2005, respectively. Similar values are reported 

in the northeast Pacific Ocean in the depth range of 3570 to 5900 m, where 

biomass ranged between 0.001 to 0.3 g AFDW m -2  (Smith, 1987; Murray and 

Kuivila, 1990). Extensive study on abyssal macrofaunal biomass in North West 

Atlantic Ocean was reported by Smith (1978), where all the area was within the 

distance of less than 1000 km from the shore. Hence, as reported by Parulekar et 

al. (1982) such areas will obviously have higher primary productivity leading to 

higher sediment organic matter and macrofaunal density as well as biomass. 

Remoteness of the present study area from the major landmasses (Matondkar et 

al., 2005), does not allow the comparisons with most of the other studies. 

5.1.3 Correlations 

As shown in fig. 4.1.1 and fig. 4.2.m, the macrofaunal density was significantly 

correlated with the sediment organic carbon content. Such correlation has also 

been reported by Sibuet et al. (1989), in the Atlantic Ocean and Kroncke and 

Turkay (2003) in deep Angola Basin of the Atlantic Ocean. The positive 
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relationship between the amount of organic matter reaching the seafloor and 

standing stocks of benthic fauna is well established (Rowe, 1983; Thiel, 1983; 

Richardson et. al., 1985; Ingole et al., 1992). This is because; the organic matter is 

known to be the first order parameter to control the faunal distribution in the 

deep-sea. Carbon is mainly important for basic metabolism (calorimetric needs) 

and even refractory organic matter seems to be sufficient to fulfill energetic 

requirements (Tenore, 1983; Tenore and Chesney, 1985). A positive correlation 

of macrofauna and sediment protein (Fig. 4.1.m and 4.2.n) and no correlation 

between macrofauna and CHO (Table. 4.1.c and 4.2.c) reveal that deep-sea 

benthic communities in the CIOB feed on the fresh organic matter. Similarly, 

there is no correlation of organic carbon with protein and CHO (Table. 4.1.c and 

4.2.c). This is because, organic carbon contains the labile and refractory fraction, 

and the benthic consumers utilize both this fractions, while, the protein and CHO 

contains a meager fraction of the surface production. 

The significant positive correlation between surface water chl-a and organic 

carbon (Fig. 4.1.s and 4.2.$) as well as chl-a and macrofauna (Fig. 4.1.n and 

4.2.o), reveals that the euphotic primary production contribute a major fraction to 

the available organic matter reaching the abyssal depths and hence providing food 

to the deep-sea macrofauna in CIOB. The sediment texture did not show much 

variation spatially. Furthermore, sediment texture did not show any relation with 

macrofauna, organic carbon and labile organic matter (Table. 4.1.c and 4.2.c), 

which could be due to the similarity in sampling depths with very minor variation. 

An inverse relationship of macrofauna (Fig. 4.1.o and 4.2.p), sediment organic 

carbon (Fig. 4.1.p and 4.2.q), and surface water chl-a (Fig. 4.1.r and 4.2.r) with 

latitude also advocate the importance of surface productivity and sediment 

organic matter to the macrofauna. It indicates that, food available for benthos 

decreased with increasing latitudes and it corresponded with the decrease in 

macrofauna. In the study area, towards the south, the influence of landmasses 

decreases considerably, hence, the surface production is also seen to decrease. 
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Moreover, the CIB region is totally isolated from the mainland and the only 

source of iron (Fe) is dust from islands or landmasses around the Indian Ocean 

(Matondkar et al., 2005). Iron is generally required for the growth of the 

phytoplankton and recently it has been shown that in the equatorial Pacific where 

wind-borne dust is as negligible as the source, adding iron to the surface waters 

stimulates the growth of phytoplankton (Coale, et al., 1996; Fitzwater et al., 

1996). Matondkar et al. (2005) reported a low concentration of Fe (154.74 mg m -

2) at around 13.5 °  S and this was found to affect the rate of primary productivity, 

which was 76.26 mg C m -2d-1  in the euphotic zone of the CIOB. However, at 

around 10.5 °  S, high content of Fe (562.75 mg m -2) was found to enhance the 

primary productivity (103.4 mg C m -2d-1). This confirms that, the surface 

production decreases with increasing latitude southwards in the CIOB, ultimately 

showing a latitudinal variation of macrofauna and their food material. This is 

further confirmed by Rex et al. (2006), wherein a decline in benthic abundance is 

also related to the distance from productive coastal waters. 

During March 2003, stations BC-7 and BC-22 had 100% similarity because of the 

similar densities and presence of only one common species, Haploniscus sp., 

while the similarity of station BC-17 with BC-25 can be attributed to their 

comparable densities and the presence of common (Macrostylis sp.) species. 

Further, analogous faunal density and diversity at BC-4 and BC-24 lead to their 

similarity of 58.58%. Comparable results were obtained for the macrofaunal 

biomass (Fig. 4.1.h). During April 2005, similarity between TVBC-26 and BC-38 

was because of the low densities in the two stations and presence of unidentified 

polychaetes. The similarity of station TVBC-25 with TVBC-8R was due to the 

low densities. Th Viscosia sp. Mendicula sp. was present both at TVBC-19 and 

TVBC-13, leading to 50% similarity (Fig. 4.2.i). 
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5.1.4 Vertical distribution of macrofauna 

Generally, the abundance and biomass of deep-sea macrofauna is highest in the 

top 0-5 cm sediment section (Ingole et al., 1992, 1999, 2001, 2005a). A peak in 

the density, biomass and diversity obtained in the 5-10 cm and 2-5 cm sediment 

depth during the March 2003 (Fig. 4.1.0 and 4.1.w) and April 2005 (Fig. 4.2.0 and 

4.2.w) could be due to the presence of surface and sub-surface deposit feeders. In 

the food limited areas, even the surface deposit feeders occupy the lower depths 

of the sediment layer to compensate for the low food availability and to avoid 

predation from larger carnivores (Ingole et al., 2005a). This is observed in the 

present study also, wherein the ampharetid polychaetes, which are surface deposit 

feeders, were present at 5-10 cm and 10-15 cm sediment depth (Fig. 4.1.u). 

Fauchald and Jumars, (1979) indicated that most ampharetids have very long 

tubes, compared with the length of the specimens. Their experimental study on 

intertidal ampharetid (Hobsonia sp.) revealed that worms maintained without 

additional food added markedly to their tubes. Continuous tube building may 

represent a form of locomotion in ampharetids and certain other tube-building 

polychaetes. Further, the orientation of tubes, horizontally or vertically, may 

depend on the amount of food available for each individual. It is also known that, 

some macrofauna can gather as much food as possible in a short time (possibly 

during high pulse rate), bury it out of the reach of the small fauna and live on it 

until the next pulse arrives. Many of the surface deposit feeders possibly live in 

the deep sediment layers (Jumars et al., 1990; Witte, 2000; Ingole, 2005a), hence 

most organisms might be living deeper in the sediment at locations where food is 

scarce. Macrobenthic infaunas, especially deposit feeders, are the major agents of 

particle mixing (Rhoads, 1974), also known as bioturbation. Bioturbation leads to 

increased oxygenation and mineralization rates in sediments (Aller, 1994; 

Andersen and Kristensen, 1991). Consequently, bioturbation not only affects the 

vertical distribution of organic matter along the sediment profiles, but also 
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potentially increases the available food concentration at depth within the sediment 

(Rice and Rhoads, 1989; Ingole, 2004). 

Capetellid polychaetes, which are subsurface deposit feeders, were observed at 

upper sediment layer of 2-5 cm as well as in the deeper sediment depth of 25-30 

cm (Fig. 4.2.u), which indicate their capabilities to build deep tubes. Linke 

(1939), Schafer (1962) and Jepsen (1965), reported that in the shallower areas, 

some capitellids build tubes at or near the surface of the sediment, others build 

horizontal or vertical tubes or burrows stretching up to 15 cm below the surface. 

These tubes maintain contact with the surface and allow the worm to feed in 

black, anoxic muds, getting the necessary oxygen from the overlying waters by 

irrigation of the burrow. Since the abyssal is a food-limited area the tubes of these 

polychaetes could have been extended deeper down to 30 cm in the present study 

(Fig. 4.2.u). Experimental work by Witte et al. (2003a), further supports our 

findings; wherein they found macrofauna in the 5-10 cm layer became labeled 

with 13C within few days. Graf (1989), Levin et al. (1997) and Witte et al. 

(2003b), studied the macrofauna at continental slope depth and showed that 

macrofauna rapidly subduct labile food down to 5-15 cm depth, where it is 

degraded quickly by bacteria and deep-dwelling deposit feeders. Most of the 

stations showed a decrease in values of organic carbon and protein with 

increasing sediment depth, but the carbohydrate did not show much variation. 

This could be because carbohydrates might represent the main food source for 

organisms living in the deeper sediment layers (Dell'Anno', 2000). As shown in 

fig. 4.1.v-4a to 4.1.v.4j and 4.2.v-4a to 4.2.v.4k, even though the protein 

concentration decreased with increasing sediment depth, the protein concentration 

was never less than 0.2 mg.g -1 . dry wt. Since the metabolic rates of the deep-sea 

fauna are low, these amounts of LOM available could be sufficient for the deeper 

sediment dwelling macrofauna. Subsurface deposit feeders (which usually feed 

beneath the sediment mixing depth) are known to be constrained by lower 

amounts of available organic matter, but according to the optimal foraging theory, 
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this is partially compensated by a diminished competition for available resources 

(Jumars and Penry, 1989). According to Dell'Anno' et al. (2000) subsurface 

consumers would also be subjected to a different diet regime characterized by the 

large predominance of carbohydrates and possibly different adaptive mechanisms 

to optimize the exploitation of this trophic source. However, it must be kept in 

mind that the recovery layer of the organisms must not necessarily represent the 

layer of main activity of the individual, particularly, those with vertical tubes, 

may feed and live on/in the surface layer but escape into deeper layers when 

disturbed by the box corer (Witte, 2000), or due to the surface predation pressure 

(Ingole et al., 2001, 2005a). 

5.2 TEMPORAL VARIATION 

5.2.1 Temporal variability of macrofauna 

In the abyssal environment, the benthic response to temporal changes has been 

poorly documented, primarily due to the difficulty of sequential sampling. 

However, the deep-sea macrofauna was sampled on two occasions in the CIOB to 

study the temporal variation. The macrofaunal density was higher during April 

2005 (mean: 57±46sd no.m" 2, n=10) as compared to that during March 2003 

(mean: 37±23sd no.nY2, n=10). Statistically, the variation was not significant. 

Also, the surface water chl-a (mean: 0.06 mg.m -3  for both the years) and sediment 

organic carbon (mean: 0.3 % for both the years) did not show any significant 

temporal variation. Similarly, the sediment texture, bacterial density and 

meiofauna also did not show a significant variation. But, there was increase in 

sediment protein (Fig. 4.4.f) and CHO (Fig. 4.4.g) during April 2005 with 

significant variation compared to March 2003. Moreover, nitrogen has also been 

regarded to be an important factor limiting macrofauna growth (Rice, 1982; 

Tenore, 1983) and particularly protein uptake seems to be essential for covering 

the nitrogen demand of macrofauna (Tenore, 1988; Taghon and Greene, 1990). 
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Proteins are the most important nitrogen source and are utilized at a faster rate 

than carbohydrates by consumers (Vezzulli and Fabiano, 2006). 

Thistle et al. (1991), suggest that deep-sea macrofauna did not present significant 

differences in abundance over time. Hence, it is assumed that the benthic 

community is relatively little influenced by seasonal changes in the tropical deep-

sea environment (Cosson et al., 1997). Similarly, Drazen et al. (1998) observed 

that the metazoan density and biomass did not vary consistently with the presence 

of detrital aggregates in the abyssal North East Pacific. Studies carried out by 

Smith (1987), during September 1980 and October 1983 at 4900 m water depth in 

the Central and eastern North Pacific showed that the organic carbon values were 

4.2 mg.g-1  and 3.2 mg.g-1 , while the sediment total nitrogen was 0.6 mg.g -1  and 

0.4 mg.g I , respectively. Even with higher amounts of organic carbon and nitrogen 

values, there was a lower macrofaunal density (213 no.m -2) in September 1980 

(213 no.m-2) as compared to October 1983 (412 no.m -2). Similarly, Smith et al. 

(1983), studied the macrofauna at 5900 m during August 1978 and August 1979 

in the North Pacific, and reported a density of 201 no.m -2  and 584 no.m-2  and 

organic carbon value of 4.2 mg.g-1  and 5.4 mg.g', respectively with a constant 

nitrogen value of 0.5 mg.g' during both the years. However, in the present study 

the organic carbon was more or less constant for both the years, while protein and 

carbohydrate showed an increase during April 2005. This increase in the labile 

organic matter must have resulted in comparatively higher density of macrofauna 

in April 2005. Proteins are preferentially utilized by benthic consumers (Tenore, 

1988; Danovaro et al., 1999) and represent the limiting compound in most deep-

sea environments (Deming and Baross, 1993). 

As far as the community feeding is concerned, it was seen that, surface deposit 

feeders (78%) and subsurface deposit feeders (22%) dominated polychaete 

community during March 2003. While in April 2003, polychaetes comprised of 

the surface deposit feeders (62.5%), carnivores (25%) and subsurface deposit 
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feeders (12.5 %). During both the study periods, the surface deposit feeders were 

dominant, but carnivores were present only during the April 2005. This was 

because; increase in labile organic matter obviously increased the surface deposit 

feeders, which in turn attracted the carnivorous forms. 

5.2.2 Vertical distribution of macrofauna 

In the deep-sea environment, where food is limited, fauna was thought to be 

available only in the top sediment layer. However, recent studies have 

demonstrated the presence of meio- and macrobenthic organisms in the deeper 

(>35cm) sediment depths (Ingole et al., 2005 a,b). Even though distributed in the 

lower sediment depths, all macrofauna require contact with the surface, either 

constantly or periodically, directly or indirectly through biogenic structures and 

sediment reworking (Schwinghammer, 1981). Distribution of macrofaunal density 

and biomass within the sediment column did not show any statistical difference 

between 2003 and 2005 sampling. However, for the selected stations used for the 

temporal variability study, during March 2003, the macrofauna was restricted 

only up to 10 cm sediment depth (Fig. 4.4.aI), whereas in April 2005 the 

organisms were recorded down to a sediment depth of 30 cm (Fig. 4.4.aII), 

probably due to the increased LOM in April 2005. As shown in fig. 4.4.cI and II, 

the LOM content in March 2003 was comparatively lower on the surface as well 

as throughout the sediment depth. Hence, the organisms were, probably, present 

up to 10 cms during March 2003 (Fig. 4.4.a1). One possible explanation is that the 

higher bioturbation of the top layer of sediment as a result of the increase in the 

population of megafaunal deposit feeders or predation by large carnivores may 

have contributed to a downward movement of infaunal organisms in April 2005, 

seeking to avoid physical disturbance of their habitat (Thiel, 1983; Lambshead et 

al., 1995). Further, some deep-sea organisms such as ampharetid polychaetes, 

construct long tubes to store the high particle flux and bury the material out of the 

reach of competitors and thrive on it until the arrival of pulse in the next season 
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Metazoan macrofauna mix surface sediments through bioturbation, thereby 

burying labile and decomposed organic materials (Nomaki et al., 2005). 

Bioturbation leads to increased oxygenation and mineralization rates in sediments 

(Andersen and Kristensen 1991; Aller, 1994) and alters the geochemistry of the 

sediment particles and solutes (Aller, 1982). As seen during the present study, 

bioturbation probably not only affects the vertical distribution of organic matter 

along the sediment profiles, but also potentially increases the available food 

concentration at depth within the sediment (Rice and Rhoads, 1989), since 

organisms in the current investigation are obtained at very deeper sediment depth 

(>30 cms). Various other studies also detected the bioturbated deeper sediment 

layers by the macrofauna (Cosson et al., 1997, Witte, 2000; Ingole et al., 2005a). 

The major farction of the organic matter is degraded in the water column or at the 

sediment- water interface, most deposit feeding macrofauna, even in the shallow 

continental seas, therefore, has to cope up with a highly food-diluted environment 

(Lopex and Levinton, 1987). Many infaunal organisms are able to immediately 

detect and respond to a variable food flux by adapting their feeding, growth and 

respiration rates (Kanneworff and Christensen, 1986; Graf, 1987; Kristensen et 

al., 1992). 
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5.3 INFLUENCE OF SIEVE SIZE ON MACROFAUNA 

Among deep-sea organisms, both gigantism and dwarfism occur, evolutionary 

trends that can be explained by selection on optimal foraging strategies (Gage and 

Tyler, 1991). Numerous biological processes have been shown to correlate 

strongly with individual body size (metabolism, abundance, biomass production, 

nutrient recycling, home range size etc (Peters, 1983; Schmidt-Nielsen, 1984; 

Brown et al., 2004; Kaariainen, 2006). Most of the studies have argued that food 

limitation may act as a major contributing factor in controlling the optimal body 

size of benthic communities, resulting in smaller body size distribution (Thiel, 

1975, 1979; Kaariainen, 2006). In a food limited environment, the advantages of 

having either larger or smaller body size is explained by Thiel (1975). He 

elucidated that, although the cost of maintaining a given biomass of smaller 

organisms is higher than that required to maintain the same biomass of larger 

organisms, the high individual food demands of larger animals and the 

requirements to maintain a critical population density for reproduction generally 

favours smaller body sizes. This hypothesis generally applies to infauna (e.g. 

meio- and macrofauna) that feeds on the sediment locally. The macrofauna are 

generally considered as organisms larger than 0.5 mm size, but the phenomenon 

of miniaturization in the deep-sea have lead to the use of different sieve sizes 

(0.25 mm to 0.5mm) in the bathyal and abyssal macrofaunal studies. The benthic 

body size miniaturization hypothesis states that the deep-sea communities are 

dominated by organisms of smaller body size (Kaariainen, 2006). 

The organisms in the deep-sea are suggested adapting to the diminished food 

levels in one of the two ways. Some taxa [gastropoda (Clarke, 1960); isopoda 

(Wolff, 1962); amphipoda (Thurston, 1979)] showed a trend towards gigantism, 

potentially allowing them to forage further in search of limited food resources. On 

the other hand, meio- and macrofaunal communities have shown tendency 

towards body size miniaturization with increased water depth. Thiel (1975) 
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hypothesized that, 'associations governed by constantly limited food availability 

are composed of smaller individuals on an average' and attributed this to the fact 

that food limitation does not allow the higher energy consumption of larger 

organisms on a local scale (Thiel, 1979). 

Based on the above arguments, use of larger sieve sizes (eg 0 5 mm or 1 mm) for 

separating the deep-sea metazoans could potentially underestimate their densities. 

As described in the previous chapter, the Central Indian Ocean has very low 

primary productivity; hence, the food available to the deep-sea communities in the 

area is also low. The influence of sieve size on the macrofaunal community 

structure was therefore investigated using mesh of 0.3 and 0.5 mm. As depicted in 

fig. 4.5.a I and II and 4.5.c, a loss of macrofaunal species and individuals has been 

observed using the 0.5 mm sieve. The loss was greater for the polychaetes, 

nematodes, harpacticoids and isopods both in terms of number of specimens and 

species obtained (Fig. 4.5.b I and II). Nematodes and harpacticoid copepods are 

generally considered among the meiofauna, but their presence in the 0 5 mm sieve 

has lead to their inclusion among macrofauna. As reported by Ingole et al. (2001), 

the nematodes sometimes outnumber the polychaetes in macrofauna. Also, 

statistically, there was significant difference between the two sieves for the 

number of specimens, macrofaunal density and biomass. Vertical distribution of 

macrofauna showed a marginal increase in density (Fig. 4.5.h) and biomass (Fig. 

4.5.i) for finer mesh. The vertical distribution of macrofauna in the CIB did not 

show any significant variation for the two meshes used. 

Gage et al. (2002), argued that leaving aside issues of comparability with previous 

studies, for the purpose of describing macrobenthic biomass in the deep sea (but 

not abundance and species richness), a sieve as coarser as 0 5 mm might be used 

depending on the precision required; sieve size smaller than 0.5 mm add very 

little to the estimate. Additional number of macrobenthic individuals appear as 
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more and more juvenile stages are collected in progressively finer meshed sieves 

in the coastal ecosystem (Schlacher and Wooldridge, 1996), however in the deep-

sea these numbers include more of small sized species that have passed through 

coarser mesh (Gage et al., 2002). 

As shown in fig. 4.5.e, the Hulbert's expected number of species (E(Sn)), was 

highest for finer sieve compared to the coarser sieve. Species richness and 

diversity was highest for nematodes whereas, the species evenness was lowest for 

the same in the 0.3 mm mesh. Similar results were obtained for the coarser sieve. 

The species diversity was roughly constant between the meshes for polychaetes, 

nematodes and tanaids, while, the diversity was higher for harpacticoids in the 

coarser mesh (Table 4.5.b). Similarly, the diversity indices H', J and d did not 

vary much between stations (Table 4.5.a). Nevertheless, using the two sieves the 

overall H', d and E(Sn) was higher for finer mesh, while the species evenness was 

almost constant for the two meshes. Similar trend of varying response on diversity 

indices of different macrofaunal groups with different sieves was obtained by 

Gage et al. (2002). In the present study also, the polychaetes, nematodes and 

crustaceans (harpacticoids and isopods) showed different response to sieve size, 

when considered separately. It may therefore be unwise that the result of one 

group can be taken as a proxy for the total assemblage. Hence, the total 

macrofaunal community as a whole should be studied. However, it is confirmed 

that a finer mesh (0 3 mm) will retain more macrobenthic organisms from the 

deep-sea than a 0 5 mm mesh since, higher number of organisms and species were 

obtained using a finer mesh. Though, it is time consuming, it is recommended to 

use a smaller mesh size, preferably 0.3 mm for separating deep-sea macrofauna 

since it results in higher diversity. 
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Conclusion 

This study conducted in the abyss of the Central Indian Ocean Basin was 

committed to gain knowledge of the community structure of macrofauna, in 

addition to the study of temporal variation and sieve size influence. It provides a 

baseline data for macrofaunal species diversity and abundance in the CIOB, 

which would be helpful for any impact assessment in the area. 

In the Indian Ocean Basin, manganese nodules are reported in a large area that 

extends from 10°S to 25°S and 70°E to 86°E. India is the 'Pioneering Investor' in 

the area. As a potential contractor, India under the INDEX programme has 

conducted different deep-sea experiments in order to collect the deep-sea 

environmental data. The current study is a part of the above multidisciplinary 

oceanographic programme. 

The sampling depth ranged between 4252 to 5693 m. Organisms adaptable to 

high pressure, low temperature, total darkness and low food environment, only 

can survive in the deep-sea. The fauna depend on the surface primary production 

and only 1-3% of the surface production reaches the deep-sea. 

The mean macrobenthic density of 30 no.m 2  and 44 no.m-2  observed in CIOB 

during March 2003 and April 2005 respectively is much lower than the other 

deep-sea areas and is attributed to the lower surface primary production in the 

region. Since only a fraction of this surface production reaches the deep-sea, the 

CIOB abyss is a highly food limiting habitat for the benthic fauna. 

Higher abundance of deposit feeding polychaetes in the macrofauna indicates that 

the benthic macrofauna in the CIOB feeds on the organic matter supplied from the 

euphotic zone. The surface deposit feeders such as polychaetes ampharetids and 

spionids were dominant in the CIOB. 
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The omnivores-carnivores/facultative predators were the most dominant 

nematodes in the CIOB during both the sampling occasion. The feeding approach 

of the deep-sea nematodes may vary, since the predator-prey encounter in the 

deep-sea will be very less. Leptognathia sp., which dominated the tanaid fauna 

are known to feed on micro-organism/detritus aggregates. Thus, it can be 

concluded that, majority of the macrobenthic genera reported in the present study 

were deposit feeders. 

Grazing by the benthos has proven to be an important factor in balancing the 

carbon budget. Macrofauna is known to control the concentration and accretion of 

metals in the deep-sea and indirectly help in the nodule growth. Bioturbation by 

these sediment-dwelling organisms also influence the mixing of organic and 

inorganic matter in the upper sediments layers, this in turn keep the upper 

sediments well oxygenated. 

The well-oxidized environment of the abyssal CIOB is noted by the low organic 

carbon content, which is due to the influx of the Antarctic bottom water. A 

positive relationship of macrofauna with the sediment organic carbon and 

sediment protein shows that, organic matter is the first order parameter to control 

the faunal distribution in the deep-sea. 

Higher abundance of surface deposit feeding fauna in the CIOB was mainly due 

to the higher protein to carbohydrate ratio (2:1). The positive relationship of chl-a, 

organic carbon and macrofauna reveals that, surface water primary production 

contributes to the flux of organic matter to the deep-sea. This is further confirmed 

by the spatial variation of macrofauna with increasing latitude southwards. 

Vertically, the presence of fauna at depths > 30 cm, was probably due to the 

distribution of organic matter to the lower sediment depths. Some macrofauna 

build deeper tubes (ampharetids and capetellids) in the sediment, reaching more 
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than 15 cms. This behavior of subsurface deposit feeders helps the organism to 

store food in their tubes, protecting from the other competitors and ensure 

survival till the next flux arrives. Further, it helps in the oxygenation of the deeper 

depth and increases the available food to the deep burrowing organisms. 

Marginal increase in macrofaunal density in April 2005 was mainly due to the 

increase in sediment protein and carbohydrate. Proteins are the most important 

nitrogen source and are utilized at a faster rate than carbohydrates by consumers; 

therefore their availability may enhance the population growth. The studies 

conducted on two occasions suggest that, benthic environment in the CIOB 

remains unchanged temporarily. 

Majority of the macrobenthic organisms had smaller body size, which was 

probably due to the availability of limited food material, which is known to act as 

a major contributing factor in controlling the optimal body size of benthic 

communities. Hence, it is recommended to use a smaller mesh size, preferably 0.3 

mm for separating deep-sea macrofauna since it results in higher diversity. 

In the current study a total of 77 macrobenthic genera were identified and reveals 

that the collection probably include few new species of nematode, harpacticoid 

and tanaid, but will need further detailed taxonomic analysis. In view of the 

importance of the deep-sea organisms in the benthic ecosystem, any step leading 

to the disturbance to the highly sensitive abyssal fauna should be conducted with 

utmost caution. 

Exploitation of the manganese nodules in the future would be a threat to the deep-

sea benthic communities and is likely to affect tens to hundreds of thousands of 

square kilometer with the ecosystem recovery requiring many decades to millions 

of years (e.g., for nodule regrowth) and consequently causing the mortality of the 

less known deep-sea species. It could perhaps lead to the extinction of some rare 
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species and species still unknown to science. Our limited knowledge of the 

taxonomy, species structure, biogeography and basic natural history of deep-sea 

animals prevents accurate assessment of the risk of species extinctions from large-

scale mining and other human threats. 

The scope of this study will go a long way in the future, with the species level 

identification of these organisms using molecular technique. There is a need to 

develop an advanced and appropriate sampling technique that can overcome the 

pressure barrier and provide these organisms in an intact form to the researchers. 

The study of nodule associated fauna is another important aspect related to this 

work which has not yet been adequately looked upon . 
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