



































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ichthyofauna

sea grass biotope have also influenced by the adjacent ecosystems such as

mangroves and coral reefs. Many fish species show ontogenic shifts in habitat
utilization and migrate from their nursery grounds to an intermediate life stage
habitat, or to the coral reef (Ogdon and Ehrlich, 1977, Weinstein and Heck,
1979; Rooker and Dennis, 1991). This shift in habitat has not been accurately
described for many species. Seagrass beds support a rich ichthyofauna of
permanent residents including pipefishes, eels, wrasses and sprats. The
ichthyofaunal composition in the sampling sites varies according to the
interactions with the adjacent systems. Stations | and IV are directly interact
with open sea and coral reef systems; station Il interact with mangroves and
station Il is away from the direct influence of these systems.

Species composition and distribution

In the present study, a total of 203 species of fishes were recorded
from the four stations. Both Chondrichthyes and Osteichthyes represented the
ichthyofaunal community, dominant being the Osteichthyes in all the stations.
Highest number of species was belonging to the family Pomacentridae (19
species), which constitute 22 % of the total population. Other dominant
families having more number of species are Labridae (17 species),
Apogonidae (15 species) and Serranidae (15 species). In the station |, which
is near to the coral reefs, observed maximum number of families (37 families)
and species (129 species) and minimum number in the station Il (23 families
and 52 species). The highest number of species in station | can be attributed
to proximity to the reef. This highly mobile group moves between reef or
mangrove habitats and seagrass beds often in a diel cycle. Chief among

these are surgeon fishes (Acanthuridae), which feeds directly on the
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seagrasses and epiphytes. Many fishes, such as surgeon fishes, puffers and
snappers present in grass beds as juveniles taking both food and shelter from
the dense leaf canopy. In the station I, the seagrass canopy height was
comparitively less as observed during the study and this created a least
successful habitat for many fishes. The predator fishes like sharks
(Carcharinus sp.) and rays (Dasyatis sp.) were commonly found in this
station, due to the easy availability of prey in the less dense meadow.
Clupeiform fishes (Clupeidae, Engraulide and Albulidae) are completely
absent from the station I, which is highly influenced by the open sea and reef
systems. The important among these are the permanent residents of the
dense mixed seagrass meadow, which include Spratelloides delicatulus, S.
gracilis, Sardinella melanura, Albula vulpes and Engraulis japonicus. The
dense meadow of mixed seagrass communities in the station Ill, supports
high densities of these fishes, which form the baits for tuna fishing. The major
live baits of the lagoon belong to the families Clupeidae, Apogonidae and
Atherinidae (Jones, 1964).

Ogden and Zieman (1977) described the patterns of exploitation of
seagrass beds by fishes. The migrating schools, especially that of
Pomacentridae, Lutjanidae and Holocentridae, breakup and the fishes feed
individually on seagrass associated invertebrates through the night, gathering
and returning to the reef on the same pathways at dawn. In the station |,
which lies near to the reef, more number of families were represented than
the other stations. Out of 43 families only six families — Lamnidae, Siganidae,
Leiognathidae, Clupeidae, Albulidae and Engraulidae — were not recorded

during the study period. In the station Il, which has lowest number of families,
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22 families were absent. They include Lamnidae, Apogonidae,

Chaetodontidae, Theraponidae, Gerriedae, Kyphosidae, Acanthuridae,
Ephippidae, Blennidae, Scopaenidae, Zanclidae, Leiognathidae,
Pempheridae, Haemulidae, Grammistidae, Albulidae, Muraenidae,
Holocentridae, Acanthuridae, Ostraciidae, Tetraodontidae and Sygnathidae.
In the station 111, Apogonidae, Caesionidae, Ephippidae, Blennidae, Zanclidae,
Leiognathidae, Pempheridae, Grammistidae, Muraenidae, Atherinidae,
Bothidae and Fistularidae were not recorded. In the station IV, Caesionidae,
Kuhlidae, Siganidae, Zanclidae, Pempheridae, Engraulidae, Belonidae,
Hemiramphidae, Atheirnidae, Diodontidae, Fistularidae and Sygnathidae were
not represented.
Abundance

Since, the sea grass beds are located in shallow coastal areas; the
water is subject to both seasonal and daily changes in temperature and
salinity, although the salinity changes are seldom as dramatic as the
temperature changes. The number of fishes in a sea grass bed fluctuates
both diurnally and seasonally. Adams (1976) found that densities of fish in
eelgrass beds in the summer were highest at night. The movement out of the
beds in the daytime permitted the fish, particularly large individuals, to avoid
potentially stressful temperatures. On a seasonal basis, densities of fishes are
highest in the summer, when the waters are warm. So, the temperature
seems to be the key factor regulating the movement of fish into and out of
beds. Some fishes are permanent residents, some reside there only
seasonally, and for some the seagrass bed is only a part of their daily foraging

area. Mobile fauna or nekton are not randomly distributed in seagrass
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habitats; the abundances of most species are correlated with macro-phytic

biomass (Brook, 1977, Heck & Orth, 1980; Lewis & Stoner, 1983), and
abundances of different species also vary markedly between adjacent
patches with different microhabitat structure (Lewis, 1984).

In the present study, highest mean density of fishes (95 indls./haul)
was found in the station Il and lowest in the station IV. This highest density in
the station Il can be due to the high abundance of seagrass shoot density. In
the stations |, 1l, and IV, Mullidae family contributed major share in the
abundance of fishes of the seagrass meadow, where as in the station lll, the
major share was contributed by Clupeidae. In all the stations, Lutjanidae
formed the second dominant contributor of abundance of fishes. Seasonally,
in the station | and lll, highest mean density was recorded during post
monsoon, while in the station Il, it was during pre monsoon and in the station
IV, during monsoon. The bright calm weather conditions and abundant
availability of food (as epiphytic algae, seagrasses and invertebrates) during
post and pre monsoon periods will increase the number of occasional visitors
of fishes, which forms a major part of the ichthyofauna of the seagrass
ecosystem. The abundant growth of massive corals, having crevices as
observed during the field study, in the station IV, gives a calm shelter for the
fishes during the stormy weather conditions of monsoon season. This
favourable condition leads to comparatively higher abundance of fishes in the
station IV during monsoon. Other stations are highly disturbed by the
monsoon winds and waves during this season and the shelter, which can
reduce these effects, are less in these stations. On monthly aspects same

trend was also noticed, having highest density in the month of December and
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October in the stations | and Ill respectively. In the station Il, maximum
density was recorded in the month of February, while in the station IV, it was
in June. These variations are mainly attributed to the physical structure of the
habitat rather than the food source, life cycle or predation.

Five hypotheses provide likely explanations for this ichthyofaunal
reduction amongst seagrasses: (i) seagrass plants are more isolated from
each other, hence, even with no change in mortality or emigration rates,
immigration rates of animals and overall densities may decline in accordance
with island biogeographic theory (MacArthur and Wilson, 1967); (ii) seagrass
plants are no longer locked together to form a coherent canopy, with the
consequence that plant movement greatly increases and animals belonging to
the more susceptible species are dislodged by wave action; (iii) animals are
negatively affected by the increased solar radiation associated with the
disruption to the plant canopy; (iv) predators have greater access and forage
with greater efficiency amongst more open seagrass patches; and (v)
epifaunal species respond behaviourally to undefined changes in the
environment by emigrating after plant thinning. Considerable effort has been
expended during the past decade in trying to understand the causes of these
patterns, and, in particular, in attempting to determine whether species
actively select particular microhabitats, or whether predators or other factors
cause variable mortality of animals between microhabitats, thus causing the
nonrandom patterns (Bell and Westoby, 1986). These conceptual problems
are still not fully resolved, probably largely because the relative importance of
predation and habitat selection to animals differs between species (Leber,

1985) and between animals of different sizes (Edgar, 1990) and because two
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or more factors may interactively influence a species' abundance. The
physical factors responsible for spatial or temporal differences in seagrass
structure also are directly responsible for the abundance and distribution
patterns of fishes.

Similarity indices:

Bray-Curtis similarity indices calculated by using the monthly
abundance data revealed that highest similarity of 60.73% occurred between
the St 4 June and St 4 September. SIMPROF test showed a significant
similarity of 54.6% (p<0.05) occurred between the cluster formed by the St 1
January and St 1 July - St 1 August. Among 11 clusters formed on seasonal
scale, highest similarity of 51.95% was observed between St 2 Mon and St 2
PreM. Six clusters were significant (p< 0.05) with highest significance of
99.8%. All the seasons of the station | and monsoon season of the station IV
showed significant similarities. These stations were in the direct contact with
the reef and characterised by patchy seagrass meadows. Arrivillaga and
Baltz, (1999) suggested that only 20% of species in the seagrass meadow
were permanent residents. A number of species that are abundant on coastal
reefs may also occur in low numbers in seagrass meadows (Bell and
Worthington, 1993). Majority of the species only use seagrass for a small part
of their life history as a temporary foraging area or as a temporary refuge from
predation (Jackson, et al, 2001). Besides fish that are resident (either
temporary or permanent) in seagrass beds, fishes of the families Haemulidae
and Lutjanidae may migrate to seagrass beds to feed. Studies have found
that the abundance of organisms does not differ between different seagrass

species (Rooker and Holt, 1997; Loneragan, ef al., 1998), but it may vary
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between the adjacent non-vegetated areas, where it was found to be higher
and showed a decreasing trend with increasing distance from the edge of
seagrass bed. Nagelkerkan, et al., (2001) also found that fish abundance and
species richness were high in non-vegetated habitats near seagrass and
mangroves. These conditions increased the abundance and species diversity
in the stations | and IV and showed significant similarities in composition.

MDS also revealed a similar pattern of similarity as that of Bray-Curtis
dendrogram. In the monthly distribution pattern, only 20% and 40% similarity
groupings were more. In the seasonal two major groupings were formed at
40% similarity. Only the seasonal pattern showed good ordination between
the samples. Spatial and temporal variations in fish assemblages has been
attributed to a variety of factors, such as patch size of seagrass meadow,
edge effects, proximity to other neighbouring ecosystems, orientation of the
meadow in response to currents, physical structure, etc. (Conolly and Hindell,
2006). Here in this study, the stations | and IV were most influenced by these
factors and showed corresponding impacts on fish abundance and
distribution. Temporal variability in distribution was another factor. Most taxa
responded differently at different times. A few studies reported sampling at the
same time of year in different years (Bell, et al., 2002) so that true seasonal
differences could be ascertained. As a general trend, from these indices, it
can be assumed that the highest similarities occurred between the different
seasons of the same station and showed the differences between stations.

Diversity indices

The sub-tidal seagrass habitat often reveals a higher biodiversity of

individuals compared to adjacent substrate without vegetation (Orth et al,
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1984; Murphy and Fonseca, 1995). Hundreds of species are found living
epiphytic on the leaves at any one meadow, and there is a large number of
species that live in the refuge offered by the plant’s canopies. Hence seagrass
meadows are important habitats for ichthyofauna, thereby contributing to
maintain marine biodiversity and the production of potential food for humans.
Species richness per se should have no direct relationship to the
functional performance of the community, so that high species richness is not
necessarily associated to a broad functional aspect. Yet, high species
richness is likely to be correlated with a greater performance by the
community, and therefore, functional system present within the community to
increase with increasing species richness. The functioning of mixed seagrass
meadows leads to the conclusion that the link between species richness and
ecosystem functions and services is not a direct one. The reason is that the
functional performance of the community is a property of the species present
therein and not of their number. In the seagrass meadow of Minicoy lagoon,
in the case of ichthyofaunal community, highest species richness of 7.47 was
found in the station |. This high species richness was due to the proximity to
the reef system, as many fishes migrate between the reef and seagrass beds.
Lowest species richness (4.31) in the station Ill, attributed to its distance from
the adjacent systems, but the high abundance of the some species, especially
that of Clupeiformes reduced the species richness, in addition to the
homogeneity of the habitat. The evenness in the species distribution was also
associated with the habitat structure. Pielou's index (J') was used to evaluate
the evenness of species distribution. Highest value for this index was

recorded in the Station Ill, which have low species richness.
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Species diversity forms the important aspects of community structure.
Of the total number of species in a system, a relatively small percent are
usually abundant and a large percent are rare. It is the large number of rare
species that largely determine the species diversity. The diversity of fishes in
the seagrass meadows are influenced by the factors related to life cycles,
such as spawning, recruitment, death, immigration and emigration (Hall and
Werner, 1977; Ross et al., 1987). Other factors that can also influence are
seasonal patterns in abundance, which include predation, food availability and
movement among different habitats. Additionally, the hydrological regime can
have a significant influence across multiple scales on habitat use of fishes in
macrophytes. Even though, the seagrasses are less in species level, their role
in increasing the faunal diversity are well known, especially the mixed, dense
communities increases the species richness and diversity of fishes, which
utilize the meadow as the source of food, shelter and nursery ground.
Shannon-Weiner index (H'log;) was used to evaluate the diversity of fishes in
the seagrass meadow. Highest species diversity was recorded in the station
[, which is characterized by the abundant growth of seagrasses, which
provides a suitable habitat for both herbivorous and carnivorous fishes and
also forms an ideal nursery ground.

Communities include all types of trophic levels. Among these groups
some groups or species, which largely controls the structure of the system
and strongly influence the environment of the other species or groups are
known as ecological dominants. The degree to which dominance is
concentrated in one or several species can be expressed by the index of

dominance (D). The dominance value showed least variations among four
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stations. This means that there were not many variations in the composition of

ichthyofauna, which influence the total community structure.

With the aid of these indices, it can be assured that the station lII,
which is away from the direct effect of other ecosystems, showed the
influence of seagrass meadow on the species diversity and the community
structure of fishes and as a whole, to the total functioning of the seagrass
ecosystem. Further research is needed to understand the role of macro
consumers such as fishes both in structuring the seagrass community and the
higher trophic levels. The close association of the three major tropical
communities — coral reefs, mangroves and seagrasses — can be seen as part
of the dynamics of the ecosystem. These links will further illuminate the close

dependence of these and their central role in the composition of ichthyofauna

of tropical coastal zone.
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Conclusion

Seagrass and coral reef ecosystems are commonly associated with
lagoon ecosystems. Lagoon ecosystems are maintained by a balance of
nutrient loads within the system and tidal flushing from the sea. Since the
marine inputs of nutrients to coastal lagoons are low and the low freshwater
inflow and tidal exchanges make marine ecosystems of coastal embayment,
nutrient poor and dominated by seagrasses. The water quality is dominated
by the sediment-water column exchange. It has been widely documented that,
seagrasses through habitat modification and associated changes in biological,
chemical, and physical conditions, may strongly influence the structure and
functioning of associated communities, such as coral reefs and mangroves.
The investigations conducted at Minicoy lagoon during the period, June 2000
to May 2002 can be concluded as given below.

The seagrass meadow of Minicoy lagoon, which is associated with the
oceanic coral atoll, experiences the tropical climatic conditions. In coastal
ecosystems, salinity and temperature variations impose patterns in the
temporal and spatial distributions of biological communities. In the Minicoy
lagoon there is no direct impact of salinity and temperature on the distribution
of organisms, as the lagoon is located far away from the freshwater inputs.
Tidal influx is the only one factor which directly influencing the hydrographic
conditions. Temperature patterns in the lagoon indicated a more or less
homogenous condition. Salinity variation was also minor, except in the station

I, where low salinity was observed during the pre monsoon due to the influx of



low saline water from Bay of Bengal. Only the DO and pH were found to have
greater influence on biota. Various combinations of these parameters will
permit, encourage, or eliminate seagrass and associated organisms from a
specific location. Nutrient levels showed a clear seasonal variation, but the
variations in space were insignificant. Even though the coral reef and
associated ecosystems are highly productive, the nutrient status of the lagoon
was oligotrophic.

Seagrass meadows vary seasonally and between years. The potential
for widespread seagrass loss has been reported from many parts of the world,
some times due to natural causes. Anthropogenic impacts on seagrass
meadows are continuing to destroy or degrade these coastal ecosystems and
decrease their yield of natural resources. In order to detect such changes, it is
necessary to first map the distribution and density of existing seagrass
meadows. The mapping and survey of distribution of seagrass species
conducted as part of this study can be used by coastal management
agencies. Detailed studies of changes in community structure of seagrasses
are essential to understand the role of these communities and the effects of
disturbances on their composition, structure and rate of recovery. In Minicoy
lagoon, five species of seagrasses were recorded during the study, which
covered an area of 0.396km? of the lagoon. The present survey revealed a
decrease of 0.004 km? in the seagrass cover within the last 10 years. Genus
Halophila ovalis was common throughout the region, even though less in
biomass. Thalassia hemprichii and Cymodocea serrulata formed dense
meadows both in reef and muddy areas. Syringodium isoetifolium formed the

thick bed in the stations Il and IV. Halodule uninervis was found only in the
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coastal margins as patches in specified locations. The distribution and
abundance of seagrasses in Minicoy lagoon were greatly influenced by
temperature. Salinity showed minor influence when considering the seasonal
aspects. It was also confirmed that nutrient status was not at all a limiting
factor for the distribution and abundance of seagrasses in Minicoy lagoon.
The tidal influence and the depth of the location were the other factors
influencing the distribution of seagrasses.

Living seagrass leaves provide an attachment site for numerous types
of epiphytic algae and other algae occur between seagrass shoots and in the
surface layers of the sediment. Seagrass-algae beds are rated third most
valuable ecosystem of the world, only preceded by estuaries and wet lands. In
the present study, 43 species of macro-algae were recorded from the
seagrass meadow of Minicoy lagoon. Rhodophyceae formed the dominant
group with 20 species. The distribution and abundance of macro algae in
seagrass meadow were correlated with the environmental regime, especially
with pH and DO. The availability of suitable substratum is also a major factor
in the distribution of macro-algae.

In many studies, seagrass habitat has been reported to support
increased faunal species diversities, abundance, biomass and productivity
compared to adjacent unvegetated soft sediment habitat. Macro faunal
composition inside and outside seagrass habitats involves responses to
seagrass bed structure at series of hierarchical levels, ranging from individual
shoot groups to discrete patches of seagrass to landscapes. The softer, more
digestible algae, which support the abundant grazers associated with the

meadows. The infauna and epifauna of seagrass beds are known to serve as
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prey for larger invertebrates and fishes. During this investigation a total of 217
species of macro-invertebrate fauna were recorded, out of which molluscs
were the dominant group in all the stations and seasons. The abundance
curves, geometric class plots and diversity indices showed a less disturbed
condition in the ecosystem. Species richness, abundance and distribution
varied spatially, but these differences were due to physical complexity of
seagrass and not due to temperature or salinity gradients.

In the survey for fishery resources in seagrass meadows, 203 species
of fishes were obtained, out of which Pomacentrids contributed the major
share. High abundance of fishes were recorded in the station |, which is in
close proximity to reef and oceanic ecosystems. There is no specific pattern in
distribution and abundance. Only the physical complexity of seagrass
meadow was the key factor influencing the distribution.

The need for conservation and management of coastal seagrass
meadows is evident when their complex ecology and multiple roles were
considered. Further, these submerged flowering plants can be used to
monitor the health of coastal communities. Their declines, which have
occurred worldwide, have been linked to natural and human induced
disturbances. As a result of their shallow sub-littoral and intertidal existence,
seagrasses are subjected to many of the stresses imposed by man's use of
coastal environment. Human induced impact on seagrasses include dumping
of sewage, silt discharge, fishing activities, oil pollution and dredging and
filling operations. Although not on a large scale, some of these human

interferences are noticed on the seagrass beds of Lakshadweep.
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Dredging and filling activities are potentially having the most damaging
impact to seagrass beds and have resulted in the destruction of more grass
bed habitats than any other form of stress imposed by man. The resulting
sedimentation also leads to turbid waters that affect the productivity of the
seagrass bed and its associated communities. The input of sewage into the
lagoons in the vicinity of seagrass beds has both the positive and negative
impacts, depending on the degree and duration of the stress. The inputs not
only alter nutrient availability, but also increase the turbidity of overlying
waters. Sewage input has been implicated in species shift from Thalassia to
other seagrasses or filamentous algae. The intertidal area near the villages of
Minicoy Island is completely devoid of seagrasses, because of the dumping of
domestic wastes and tuna fish wastes. The presence of excessive organic
matter provides nutrients, which enhance the abundant growth of
phytoplankton. Both these conditions result in the reduction of light
penetration, which is unfit for the growth of submerged plants like seagrasses.
Construction of boat channels is noticed in some islands of Lakshadweep.
Fishermen dig out intertidal flat area, ranging from 10 - 20m long and 1 - 2m
wide. This facilitates the easy beaching of boats prior to the arrival of the
monsoon. Seagrasses in such area are uprooted and whole plants are
removed. Boat propellers cut the leaves and shoots of seagrasses in shallow
waters, leaving the area barren and susceptible to erosion. Beach seining and
cast netting for small fishes are also found to be destructive to seagrasses.
Even though small-scale damages are taking place in the seagrass meadow
of Minicoy lagoon, the overall observation and analysis revealed that the site

is a high quality one.
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In view of the importance of seagrass beds in the lagoon ecosystem of

an oceanic island, their conservation should be necessary for the very

existence of the island. The conservation strategies should include -

(i)

(ii)

(iii)

(iv)

(v)

The assessment and maintenance of healthy environmental
status for the growth and surveillance of seagrasses,

Mapping of seagrass meadow to identify their location and
abundance in various islands of Lakshadweep. |dentification and
initiation of studies in this natural ecosystem should be
encouraged to obtain base line data

Techniques for transplanting seagrasses should be developed
to restore degraded seagrass habitats. Investigations on the
growth, reproduction, occurrence of seeds and seedlings are
required

Education of local population about the importance of
seagrasses. Direct human impacts, such as destruction of
seagrasses and indirect actions like dumping of wastes into the
lagoon, should be discouraged. The loss of seagrass habitat
from intertidal environments will increase the velocity of waves
and thus accelerating the coastal erosion. This will in turn,
threaten the very existence of islands and also affects the
tourism industry

In the ecosystem of seagrass meadow, an effort must be made
to evaluate the energy from the beds to surrounding biotopes
such as estuaries, shelves, coral reefs and the adjacent oceanic

regions. The trophic relationships of this energy export to the
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secondary production in the surrounding biotopes should be

evaluated.

For the protection and management of seagrass meadows, information
about their ecosystem services is essential. It is important to document floral
and faunal species diversity, distribution and abundance in seagrass meadow
to identity the areas requiring conservation measures. In such a point of view,
this study forms the baseline information about the seagrass meadow of
Minicoy lagoon. Responsive management based on adequate information will

help to prevent any further significant areas or species being lost.
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