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1. Introduction
Mangrove forests situated at the interface between land and sea in tropical and subtropical
latitudes are among the world‟s most productive ecosystems situated at the interface between
land and sea in tropical and subtropical latitudes. Often called „tidal forests‟, „coastal
woodlands‟ or „oceanic rainforests‟; these ecosystems are of enormous environmental
significance and socio-economic value in terms of their role in protecting shores from wind,
waves and water currents; preventing soil erosion and siltation; protecting coral reefs,
seagrass beds and shipping lanes; supplying wood and other forest products; providing
habitats and nutrients for a variety of organisms; and supporting coastal fisheries and
livelihoods (Kathiresan and Bingham, 2001; Kathiresan and Qasim, 2005). These ecosystems
have high economic values owing to their wide range of ecosystem services (Costanza et al.,
l997; Khaleel, 2008).
Kerala has 590 kms of long narrow coastal line. Mangrove vegetation occurs along the banks
of estuarine water bodies and adjacent to the back water channels, in the form of a narrow
continuous belt or patches. The regular tidal flooding and fresh water supply from the 41
perennial rivers create a suitable ecological environment leading to the development of
mangroves on the fringes of backwaters, estuaries and creeks (Basha 1991). Kannur and
Kasaragod districts have maximum mangroves. The other districts include Trivandrum,
Kollam, Allappuzha, Kottayam, Ernakulam, Thrissur, Kozhikode, and Malappuram, along
with the three identified Ramsar sites, namely Ashtamudi, Sasthamkotta, and Vembanad. At a
global level, mangroves are fast vanishing, with annual loss of 1–2% per year, which is 5
times greater than the global forest loss (FSI 2015). India and especially Kerala are not an
exception to this trend: as of 1975, some 700 km2 of mangroves in Kerala state have
drastically shrunk to 6 km2 by 2013 due to habitat conversion. This degradation has led to
serious loss of the biodiversity and carbon stored in these ecosystems (Basha 1991).
According to the latest estimate (FSI 2015), the area under mangrove vegetation in Kerala is
9 km2, which is an increase of 3 km2 area compared to the 2013 assessment. However, more
than 80% of the mangrove plots are in private hands. Therefore, they are under serious threat
of destruction caused by anthropogenic activities (Basha 1992). Mangrove floristics of Kerala
has been studied since 1678 (Van Rheede 1678–1693). However, the total number of true
mangrove species in Kerala is under dispute as in other regions. Further, few attempts were
made in the past to understand the structural characteristics and attributes of mangroves of
Kerala (Vijayan et al. 2015; Rani et al. 2016). Ramachandran et al. (1986) made the first
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inventory of the mangrove flora, mapped them along the entire coast of Kerala and reported
18 true mangrove species. But the distributional status of true mangrove species in Kerala
was not provided. Later, Basha 1991, 1992) provided the comprehensive account on
mangrove flora of Kerala, listing 18 true mangrove species and also their status and
distribution in entire Kerala coast. George et al., (2017) demonstrated that there are, 13
mangrove species, belonging to 5 families and 8 genera recorded from Kerala and it was
found that mangroves in Kerala varied in diversity, density, and structural development.
Previous studies on the mangrove fauna of Kerala and related studies in other parts of the
world are noted by Ramachandran et al. (1985), who attempted mapping, inventory and some
environmental aspects of mangrove ecosystems in the State.
There are different faunal communities in mangrove waters dependent on the water
components in one way or the other. The planktonic and benthic animal communities play a
very vital role in mangrove ecosystem just like terrestrial animals. Bioenergetically
significant faunal component of the mangrove ecosystem are key players in maintaining the
steady state of the mangrove ecosystem and enhancing its biological potentiality. Fauna in
mangrove ecosystem is large and diverse as it includes both terrestrial and aquatic organisms.
It comprise of varieties of zooplankton, benthos, shrimps, crabs, molluscs, insects, fishes,
birds, reptiles, amphibians and mammals.
A growing threat to the global mangrove ecosystem is climate change with its associated
increasing temperatures, flooding, changing hydrologic regimes, rising sea level, increasing
magnitude and frequency of tropical storms and natural calamities like tsunamis. Their
location at the interface between land and sea make mangroves one of the first ecosystems to
be affected. Increase in flooding duration can lead to plant death at the seaward mangrove
margins (He et al. 2007) as well as shifts in species composition (Gilman et al. 2008),
ultimately leading to a reduction in productivity Several studies have examined the role of
mangroves in storm protection and flood control. Alongi (2008) and Lacambra et al. (2013)
discovered that a healthy and well managed mangrove ecosystem acts as a buffer against
flood hazards and reduces the exposure of people and productive assets to floods. Studies
conducted after the 2004 tsunami indicated that in areas with a healthy mangrove belt, only
7% of villages were affected, and the damage to these villages was minimal. Meanwhile,
areas with degraded mangroves experienced between 80 and 100% damage (DahdouhGuebas 2006).
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An assessment of biodiversity loss in the massive floods that ravaged the Kerala state in 2018
months invites attention to understand mangrove ecosystem vulnerability and resilience to
flooding, to understand regional variation in climate change processes to incorporate
biological and ecological system variability.
2. Objectives
Mass mortalities among marine animal and plant mangrove communities are well known in
certain parts of the world due to heavy rain and flooding and are mostly due to one or more
environmental factors such as temperature or salinity changes. True mangrove plants grow
and complete their life cycles in the saline swamp habitats. So they fall under the ecological
community named helophilous halophytes. According to the enhanced tolerance against
salinities, true mangroves are further subdivided into three groups: high salt-tolerant,
moderately salt tolerant and less salt-tolerant species. A large array of mangrove plants
ranging from high salt-tolerant (concentration above 30 per cent) species like Avicennia
marina, A. officinalis, Bruguiera gymnorrhiza, Ceriopstagal, Kandelia candel, Rhizophora
mucronata, etc.; to moderately salt-tolerant (average concentration 20–25 per cent) species
like Aegicera scorniculatum, Excoecaria agallocha, Lumnitzera racemosa, to some less salt
tolerant (concentration below 15 per cent) species such as Sonneratia alba, and Sonneratia
caseolaris etc., support these ecosystems.
Mangroves hold refuge to virtually every single organism of nature. Some are just raised
there, some only visit and some spend their entire lives there. These special animals however
might very well be under serious threat after flooding. The land animals found in mangrove
forests include roosting flocks of fruit bats, fishing and insectivorous birds, and many insects
are conspicuous. Of the marine animals, crabs and molluscs live permanently in the forest,
and prawns and fishes come in on the tide to feed on the apparently abundant nutrient
provided by the mangrove soils. In case of different species of mangroves the surface
salinities are also very important factor for the existence of different mangrove species in
their own ecosystem. This community of plants and animals in the tidal swamp habitat
exchanges matter and energy with adjacent terrestrial and marine ecosystems. However,
mangroves are the least understood among the several ecosystems. They are extremely fragile
and can suddenly disappear, thus disrupting the coastline due to flooding. Thus, it is
important to monitor ecosystem function after the natural disaster in Kerala. Hence the
following objectives are framed.
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1) To survey the existence, growth and health of true mangrove flora in Puthuvypin ecogeographical area, Mangalvanam Bird Sanctuary of Kochi, Kadalundi Bird
Sanctuary, Kadamakkudy and Kallai river surrounding of Kozhikode.

2) To survey the “indicator species” of fauna (Fishes, crabs, molluscs) in mangrove
forest of Puthuvypin eco-geographical area Mangalvanam Bird Sanctuary of Kochi,
Kadalundi Bird Sanctuary, Kadamakkudy and Kallai river surrounding Kozhikode.

3. Materials andMethods
3.1 StudySites
Mangroves in Kerala are distributed in the backwaters, estuaries and deltas etc. of the west
coast. Mangroves are growing in the mud flats, deltas, estuarine ridges and edges of island
systems according to the specific geographical formations of the area. This study focuses on
location of interest based on river line flood affected mangrove ecosystems from following
geographical zones provided in (Table 1, 2 and Fig 1)
Table 1. Table showing different sampling station of the survey

District

Panchayat

Area

Landscape

Ecosystem

Type of
Disaster

Ernakulam

Kochi
Coorporation

Mangalvanam
Birds Sanctuary

Kochi City

Mangrove

Flood

Ernakulam

Puthuvypu

Puthuvypu

Kochi city

Mangrove

Flood

Ernakulam

Kadamakkudy

Kadamakkudy

Kochi city

Mangrove

Flood

Kozhikode

Kadalundi

Kadalundi Birds
Sanctuary

Cluster of
islands

Mangrove

Kallai

River line
mangrove

Mangrove

Kozhikode

Kallai

Flood
Moderately
affected area
Flood
Moderately
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affected area

Table2. Global positioning system of survey location
Latitude (N)

Latitude (E)

Location of Survey

Remarks

A vanishing highly potential eco-- geographic mangrove area
with dense coverage of gigantic trees and bush land trees
adapting to severe deforestation threats and pollutants.

09° 58′

09° 59′

11° 23′

11° 13′

76° 14′

76° 16′

75° 79′

75° 82′

Puthuvypin in
Ernakulam district

The only geographic area of AVICENNIA species in South
Kerala. Very rarely distributed in Travancore rivers when
compared to Malabar rivers of Kerala. Recovery of this
species in Cochin is of high priority. This is an important
shoreline protected area.

Mangalvanam Birds
Sanctuary of
Ernakulam district

Gigantic trees in eco-geographic zone in highly restricted
areas.

Kallai river bank of
Kozhikode

This geographic area has dominant gigantic mangrove trees
surviving in polluted areas with urban disturbances.

Kadalundi river bank
in border of
Malapuram and
Kozhikode.

Kadalundi-Vallikkunnu Community Reserve spread across
1.5 Km2, highest species rich eco-geographic area with
roosting and nesting of migratory birds.
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3.2 Methodology
3.2.1. Stakeholder Consu1tations
3.2.1.1. Individual interviews and meetings
One to one meetings with stakeholders on detailed or specific issues e.g. how flood affected
specific areas, how mangroves and indicator species (fishes, crabs and molluscs / gastropods)
are affected. Individual contact means that the location specific meeting was flexible e.g. it
was held on each site. This allowed in depth discussion and understanding of flood issues.
Very much focused on individual issues, little quantitative information gathered and not majority
opinion.

3.2.1.2 BMC Meeting
The region Kadamakkudy of Ernakulam was not initially included in the proposal during
expression of interest. This sampling site was later included in the study due to the
recommendation of District co-ordinator of Ernakulam as this geographical site was severely
affected by flood in the year 2018 (Table 1 & 2 , Fig 1).

3.3. Survey Methodology Including Period ofSurvey
3.3.1. Monitoring method of mangrove forest
3.3.1.1 Basic concept and procedure

The health of mangrove forest was assessed by monitoring the growth and health of
representative mangrove trees within the forest, and then comparing the results between
successive surveys. The Health status of each tree was determined by observing selected
health indicators. If the monitored trees show any signs of health degradation (or no health
improvement of unhealthy tree) between the successive surveys, it may be a sign that the
health of the surrounding mangrove forest is under a degraded or stressed state.

3.3.1.2. Plot design for the survey of flora
1) The study site was divided into four transects or lines (measuring 20m in length).
2) Each transect had four circular plots of 10m radius, recorded the location with GPS
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3) All features of mangrove forest regeneration were measured within these circular
plots.
4) The four transects were placed in different distinct zones in each geographic area.
5) The transects were set vertical to the forest edge and long enough so that it covered
the entire width of the forest
6) In Mangrove forests, it would be difficult to apply vertical transects as Avicennia
forest are often very dense and access to the inner area almost impossible unless the
branches are cut. In such case the monitoring of transects was set along the forest
edge.
7) Once the transect was set, selected the trees that were touching or within 1-2 m of the
transect. Care was taken to ensure that the selected trees were evenly distributed and
not concentrated in one location.
3.3.1.3 Monitoring of mangrove tree growth

All the mangrove plants/trees of each study quadrant were measured for their tree girth and
tree height. The tree girth measurements were taken at breast height, which is approximately
1.3 m above the ground; and the girth measurements were converted into diameter at breast
height (DBH) measurement by dividing by π (Frontier Madagascar, 2005). All adult trees as
well as saplings greater than 1.3 m height were considered for measurement of GBH. The
plants were classified as adults, saplings and seedlings depending on their total height and
girth at breast height. The plants greater than 4 cm girth at breast height and taller than 1 m
were classified as adults. The plants lesser than 4 cm girth at breast height but taller than 1 m
were classified as saplings while the plants less than 1 m tall were classified as seedlings
(Frontier Madagascar, 2005).
3.3.1.4. Monitoring of mangrove tree health
The health of a mangrove tree is assessed by first visually observing the following health
indicators.





Leaf/branch density
Leaf health
Tree-top dieback
Flowering

The status of each health indicator is rated by the surveyor as either “Good”, “Fair” or “Poor”
by
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3.3.1.5. Management of monitoring data
The monitoring data should be stored into a database, which should include the following
information





Survey conditions
Results of tree height and trunk circumference measurement
Results of tree health survey and possible stress factors
Photographs of the surveyed trees

3.3.2. Monitoring method of fauna
3.3.2.1. Basic concept and procedure

However, since it was impractical to monitor all faunal species, monitoring was instead be
conducted by selecting “indicator species”, which are types of species that provide
indications on the status of the mangrove ecosystem. Among the many fauna types, the
guideline will focus on Selecting indicator species from the fish, crab and gastropod as they
are one of the most conspicuous fauna in the mangrove ecosystem and therefore are relatively
easy to identify and monitor.
3.3.2.2. Development of fauna inventory
Fauna inventory was developed through the following processes:


Collected fauna from the field



Development of inventory database

The ensuing Sections provide basic methods of the above processes for fish, crabs and
gastropods
3.3.3 Collection of fish
3.3.3.1. Collection by nets


Various types of nets were used to collect faunas living in the waterway, such as
fishes and crabs.



Data was collected from fishermen at sources which were supplemented by those
collected from local landing centers, at least for 10 days a month.
We used different nets viz. Chinese nets, cast nets, shore seine, stake nets and gillnets
for catching fish.
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3.3.4. Collection of crabs
Crab collections were made during low tide. Density of the crabs were estimated by using 50
X 50 cm. quadrate either by counting the number of crabs active on the substrate enclosed by
the quadrates or procured by hand picking or by digging crabs from their burrows. In each
site ten samples were collected (five horizontally and five vertically from high tide mark up
to water level) to estimate the abundance and preserved in 4 % formalin solution. d) Shore
collections of mollusks were made by marking ten quadrates each of 1 m2.
3.3.4.1. Collection by digging


Crab collections may be done during low tide. Density of the crabs was estimated by
using 10 X 10 cm. quadrate either by counting the number of crabs active on the
substrate enclosed by the quadrates.



Once the crab hides into its burrow, quickly dug around the burrow with a shovel or
scoop (e.g. up to around 20-30 cm depth).



Transferred the soil into a sieve and remove the soil by washing it with water.



Collected the crabs remaining inside the sieve



Transferred the collected crabs back to the same ecosystem

3.3.4.2. Collection by hand


Some crab species (e.g. sersamid crabs) climb on the trunk/branch of mangrove tree.
These crabs collected directly by hand but wear gloves to prevent injury.



Gastropods can also be collected by hand especially during low tide where they come
out to feed on the mud surface.



Photographed of collected fauna

3.3.5. Collection of Mollusks
Shore collections of mollusks were done by marking ten quadrates each of 1 m2. All mollusk
species on the ground as well on the mangrove plants enclosed by the quadrates were
collected and counted. Quadrates were laid at 5m interval. All species shells were cleaned
and photographed.
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4.

Results (As applicable according to objectives)

4.1. Assessment of Floral Biodiversity of Mangalavanam Birds Sancturay
Mangrove vegetation is important because a variety of marine organisms and fresh water
forms depend on mangroves for feeding and also as nursery grounds. Mangalavanam Birds
Sanctuary is primarily a bird refuge. Mangalavanam is a small mangrove area located in the
middle of Ernakulam City comprising of a shallow tidal pond in the centre with its edges
covered with thick mangrove vegetation (Map 1). This water body is connected with the
backwaters by a canal. In the middle of the Sanctuary lake there is a small island with thick
mangrove patches. Mangalavanam gained importance because of the mangrove vegetation
and also due to the congregation of communally breeding birds. Apart from these it is
considered as a 'green lung' of Ernakulum City. Mangalavanam is situated in the Ernakulum
District of Kerala State (09° 59' N latitude and 76° 11' E longitude) [Fig. 12]. The study area
is in Ernakulum City and the total extent is 2.44 hectares. The northern and eastern portion of
the sanctuary is bordered by Bharath Petroleum Company. The Southern region of the
sanctuary is occupied byErnakulum Railway goods station, west by Salim Ali road and
Central Marine Fisheries Research Institute. The ownership of the land is with various
Government agencies.
Mangalavanam is rich in floral diversity. Most of the floral species are either mangrove
species or those that can tolerate frequent saltwater / brackish water inundations. During
preliminary survey conducted after flood in January 2019, six species of true mangroves were
recorded. There is no flow of water in the lake inside the middle of the forest. Stagnant water
–by default- gets polluted, thereby proving extremely harmful for the mangroves to survive
and regenerate (Fig 13).
A total of six species from three families of mangroves viz., Avicennia officinalis (Family:
Avicenniaceae),Rhizophora mucronata and Rhizophora apiculata (Family: Rhizophoraceae),
Bruguiera cylindrica and Bruguiera gymnorizha (Family: Rhizophoraceae), and Acanthus
ilicifolius (Family: Acanthaceae) which belonged to 6 genera and 4 families were recorded
from the Mangalavanam mangrove wetland. The composition of mangrove species in
different grids of the study area is given in Table 3. Distribution of mangrove at different site
indicates that Avicenna marina were noticed in the entire study site. Avicennia officinalis was
found in all the grids; these species were found as dominant species across the study sites.
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4.1.1. Structural features
This study is important for understanding the functioning of community, implies knowledge
of structure and composition of the component species. Various parameters on the basis of
which the present Phyto-sociological investigation has been done include frequency, relative
frequency, density, relative density, relative basal cover and important value index (IVI)
(Cottom and Curtis, 1956). The density values show that Acanthus ilicifolius seedlings have
relative density of 53.4 %, followed by Avicenna officinalis which has the highest stem
relative density (31 %) for true mangroves. Relative density of the species ranged from 7.6 %
to 53.4 % (Table 2). Avicenna officinalis has the highest basal area (51.8. m2ha-1) followed by
Bruguiera gymnorizha(24.1 m2ha-1) Rhizophora mucronata (22.7 m2ha-1). The frequencies of
different species revealed the degree of dispersion of individual species in an area and are
expressed in terms of percentage occurrence (Table 2). Relative frequency was highest for
Avicenna officinalis (37.1 %) whereas Rhizophora mucronata (34 %) has also has higher density
and basal area.
Species dominance is calculated based on the Important Value Index (IVI) and was calculated.. It
is usually practiced in ecological scrutinizes; IVI indicates the ecological importance of a species
in a specified ecosystem which can be used for computing species conservation and management
through which species having low IVI value require soar protection preference. The IVI for a
species was calculated as the sum of its relative basal area, relative frequency, relative density
and often to describe and compare the species dominance of the sites (Fig. 2).The highest relative
IVI value were recorded for Avicennia officinalis (121.40) which was the dominant species,
followed by Acanthus ilicifolius saplings (105.5), Rhizophora mucronata (86.7), Rhizophora
apiculata, Bruguiera gymnorizha, and Bruguiera cylindrical (Table 3). The results indicate that
Bruguiera cylindrica, Bruguiera gymnorizha and Rhizophora apiculata are the least dominant
mangrove species of Mangalvanam Bird Sanctuary. The lowest IVI were recorded for (24.8)
revealing the rarity and sporadic distribution of those species.

This study is important for understanding the functioning of community, implies knowledge
of structure and composition of the component species. Various parameters on the basis of
which the present Phyto-sociological investigation has been done include frequency, relative
frequency, density, relative density, relative basal cover and important value index (IVI)
(Cottom and Curtis, 1956). The density values show that Acanthus ilicifolius seedlings have
relative density of 53.4 %, followed by Avicenna officinalis which has the highest stem
relative density (31 %) for true mangroves. Relative density of the species ranged from 7.6 %
to 53.4 % (Table 2). Avicenna officinalis has the highest basal area (51.8. m2ha-1) followed by
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Bruguiera gymnorizha(24.1 m2ha-1) Rhizophora mucronata (22.7 m2ha-1). The frequencies of
different species revealed the degree of dispersion of individual species in an area and are
expressed in terms of percentage occurrence (Table 2). Relative frequency was highest for
Avicenna officinalis (37.1 %) whereas Rhizophora mucronata (34 %) has also has higher density
and basal area.
Species dominance is calculated based on the Important Value Index (IVI) and was calculated. It
is usually practiced in ecological scrutinizes; IVI indicates the ecological importance of a species
in a specified ecosystem which can be used for computing species conservation and management
through which species having low IVI value require soar protection preference. The IVI for a
species was calculated as the sum of its relative basal area, relative frequency, relative density
and often to describe and compare the species dominance of the sites (Fig. 2).The highest relative
IVI value were recorded for Avicennia officinalis(121.40) which was the dominant species,
followed by Acanthus ilicifolius saplings (105.5), Rhizophora mucronata(86.7), Rhizophora
apiculata, Bruguiera gymnorizha, and Bruguiera cylindrical (Table 3). The results indicate that
Bruguiera cylindrica, Bruguiera gymnorizha and Rhizophora apiculata are the least dominant
mangrove species of Mangalvanam Bird Sanctuary. The lowest IVI were recorded for (24.8)
revealing the rarity and sporadic distribution of those species.

Table 3.Relative Density, Relative frequency, Relative basal area, Importance Value Index (IVI)
of trees in the Mangalvanam Birds Sanctuary.

Name of tree species
Avicennia officinalis
Acanthus illicifolius
Brugeria gymnorizha
Brugeria cylindrica
Rhizophora mucronata
Rhizophora apiculata

RD
31.6
53.4
8.0
3.4
29.9
7.6

RF
37.1
31.6
16.7
16.7
34.0
25.0

RA
51.8
20.8
24.1
4.7
22.7
22.3

IVI
121.1
105.7
48.7
24.8
86.7
54.9

RD: Relative density; RF: Relative frequency RA: Relative area IVI: Important value index

4.1.2. GBH and Height of true mangroves of Mangalvanam Birds Sanctuary

GBH of different mangrove species ranged from 22.3±20.1 (Avicennia officinalis) to
2.6±1.07 cm (Acanthus illicifolius). GBH of Bruguiera gymnorizha was 20.1±18.14 cm,
while that of Brugeria cylindrica (10.6 ± 8.0, Rhizophora mucronata 9.55 ± 7.01; Rhizophora
apiculata were 5.0±2.15 4.59±2.15. Height of the mangrove species ranged from 25.2 ± 21.1
13
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(Bruguiera gymnorizha) to 3.8.±1.03 cm (Acanthus illicifolius). Height of Avicennia
officinalis was 15.95 ± 13.2 while that of Rhizophora mucronata (11.1± 9.1); Bruguiera
cylindrical (4.0 ± 1.8); Rhizophora apiculata(8.0 ± 6.0) (Fig 3).
4.1.3. Shannon Diversity index of mangroves in Mangalvanam Birds Sanctuary

Diversity indices can be used to characterize the species abundance relationship in a
community. Shannon‟s diversity index is a simple measure to seek out species diversity. The
species diversity indices revealed that grid 3 had high species diversity in Mangalvanam
Birds Sanctuary. In the same grid 3 we observed maximum “indicator species” in the
Sanctuary (Fig 8 and Fig 31, 32, 33).

4.1.4. Mangrove tree health
We surveyed the health indicators leaf / Branch density, Leaf health, Tree top dieback,
Flowering of Mangalavanam Bird Sanctuary of true mangroves and were found to be in good
health (Table 4).
Table 4:- Assessment criteria of tree health indicators of true mangrove of
Mangalvanam Birds Sanctuary

Leaf branch density

Leaf Health

Tree top die back

HIGH

GOOD

NO DIE BACK

Flowering observed

Bruguiera gymnorizha
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4.2. Assessment of Floral Biodiversity of Puthuvypin

The mangroves of Puthuvypin area of Kochi are known as potential mangroves and these
mangrove forests are dominated by Avicennia sp. The ecology of Puthuypin Island is unique,
endowed with large canals extending over 50 km and a network of small canals. Puthuvypin has
close proximity to Kochi city and to the international sea route. It has attracted huge investment
projects in the near past like the Liquefied Natural Gas (LNG) Terminal, Bunkering Terminal,
Single Buoy Mooring, Ship Repair Complex, to name a few. It is perhaps one of the fastest
growing industrial areas in Ernakulum District of Kerala State (09° 97' N latitude and 76° 24' E
longitude)[Fig 19].
Puthuvypin mangrove formation situated towards the southern end of Vypeen-Njarakkal belt, is
considered to be the largest single stretch of mangroves in southern Kerala. Though sporadic and
interspersed with settlements, the mangrove stretch extending from Vallarppadam to Njarakkal
and beyond has a significant assemblage of lagoons, backwater channels, marshes and associated
mangroves thickets. The area is noteworthy for its species richness and diversity, regeneration
and near absence of invaded weeds and is called as potential mangroves. The mangroves are
severely disturbed in this area (Fig 17, 18, 19). Mangroves of the coastal belts assume utmost
conservation significance for its unique biodiversity content and multifarious ecological services.
The massive root system (pneumatophores) of mangroves is efficient at dissipating wave energy.
The mangrove swamps protect the coastal areas from erosion and storm surge, especially during
hurricanes and tsunamis. Mangrove forests and estuaries also serve as breeding and nursery
grounds for a number of marine organisms including the commercially important shrimps, and
fishes. Hence, loss of mangroves will cause direct and indirect repercussions which are
ecologically and economically significant. A substantial part of the study area is occupied by
inland water bodies with a network channels and ponds, mainly associated with the Vembanad
Lake.
4.2.1. Structural features
This study is important for understanding the functioning of community, implies knowledge of
structure and composition of the component species. Various parameters, on the basis of which
the present Phyto-sociological investigation has been done, include frequency, relative
frequency, density, relative density, relative basal cover and important value index (IVI) (Cottom
15
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and Curtis, 1956). The density values show that, Avicennia marina trees have relative density of
72.8. % followed by Avicenna officinalis, which has the stem relative density (27.1 %) among
true mangrove. Avicenna marina has the highest basal area (69.8. m2ha-1) followed by Avicennia
officinalis(30.0 m2ha-1). It is seen that the mangroves on sea fronts generally have high basal area.
The frequencies of different species revealed the degree of dispersion of individual species in an area
and are expressed in terms of percentage occurrence. Relative frequency was highest for Avicenna
officinalis(37.1 %), whileRhizophora mucronata (34 %) also had higher density and basal area
(Table 5 and Fig 6)
Species dominance was calculated based on the Important Value Index (IVI) and was calculated for
every true mangrove species found in each study sites. It is usually practiced in ecological
scrutinizes; IVI indicates the ecological importance of a species in a specified ecosystem which can
be used for computing species conservation and management through which species having low IVI
value require soar protection preference. The IVI for a species was calculated as the sum of its
relative basal area, relative frequency, relative density and often to describe and compare the species
dominance of the sites.The highest relative IVI value was recorded for Avicennia marina (192.6)
followed by Avicennia officinalis (107.2) was found to be the dominant species. The main

vegetation of mangrove tree is dominated by Avicennia marina and Avicennia officinalis (Fig
.27).These mangroves are constituted by an assortment of medium trees and shrubs that are
adapted to grow in saline coastal sediment habitats. Average GBH and height of Avicennia
mangrove trees in Puthuvypin is12.87±10.1 and 10.6±8.6 (Avicennia marina - GBH and height
is 13.5±1.07 cm; 5.5± 3.5m); (Avicennia officinalis GBH and height is 11.4 ± 10.2; 5.25± 3.2m)
(Fig 3 & Table 5).

Table 5. Relative Density, Relative frequency, Relative basal area, Importance Value Index
(IVI) of trees in Puthuvypin of Ernakulam district.
Name of tree species

RD

Avicennia marina
Avicennia officinalis

72.8
27.1

RF
50
50

RA

IVI
69.8
30

192.6
107.2

RD: Relative density; RF: Relative frequency RA: Relative area IVI: Important value index
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4.2.2. Shannon Diversity index of mangroves in Puthuvypin

Diversity indices can be used to characterize the species abundance relationship in a community.
Shannon‟s diversity index is a simple measure to seek out species diversity and the species
diversity indices revealed that grid 4 and 5 had high species diversity in Puthuypin (Fig 8).

4.2.3. Mangrove tree health

We surveyed the health indicators leaf / Branch density, Leaf health, Tree top dieback, flowering
of Puthuvypin eco-geographical area and found it to be in good health. Few tress (30 Nos
approximately; Table 6) were undergoing stress in the Avicennia mangrove forest with top dying
of canopy (Fig 20).

Table 6:- Assessment criteria of tree health indicators of true mangrove of Puthuvypin of
Ernakulum district.
Leaf branch density

Leaf Health

Tree top die back

Flowering

HIGH

GOOD

NO DIE BACK IN
MAJORITY AREAS

PRESENT FOR BOTH
Avicennia marina and
Avicennia officinalis

TOP DYING IS SEEN
IN 30 TREES IN
Middle OF
Avicennia mangrove
forest
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4.3Assessment of Floral Biodiversity of Kadamakkudy

Kadamakkudy is a village panchayat located in the Ernakulam district of Kerala state,India. The
latitude 10.06519 and longitude 76.245136 are the geocoordinate of the Kadamakkudy (Fig. 21).
This study discusses the unique status of wetlands of Kadamakkudy panchayat of Kochi with its
Pokkali fields and fish farms. It also tries to propose guidelines, strategies and action plan at site
specific level for development, conserving its wetlands along with its wise use in an ecological
perspective keeping in mind the rapid urbanization.
Sonneratia caseolaris, commonly known as mangrove apple family Lythraceae are the dominant
species in Kadamakkudy (Fig 23). This tree is a type of mangrove growing up to 8 m in height
and with trunk reaching a maximum diameter of 6 cm.

4.3.1. Structural features

This study is important for understanding the functioning of Kadamakkudy ecosystem, implies
knowledge of structure and composition of the component species. Various parameters on the
basis of which the present Phyto-sociological investigation has been done, include frequency,
relative frequency, density, relative density, relative basal cover and important value index (IVI)
(Cottom and Curtis, 1956). The density values show that, Sonneratia caseolaris trees are having
relative density of 57.2 % followed by Rhizophora mucronata has the stem relative density of
25.3%. Sonneratia caseolaris has the highest basal area (60.0. m2ha-1) followed by Rhizophora
mucronata(22.0 m2ha-1). The frequencies of different species revealed the degree of dispersion of
individual species in an area and are expressed in terms of percentage occurrence (Table 2). Relative
frequency was highest for Sonneratia caseolaris and Rhizophora mucronata (33.3%). Species
dominance was calculated based on the Important Value Index (IVI) and was calculated for every
true mangrove species found in each study sites. It is usually practiced in ecological scrutinizes; IVI
indicates the ecological importance of a species in a specified ecosystem which can be used for
computing species conservation and management through which species having low IVI value
require soar protection preference . The IVI for a species was calculated as the sum of its relative
basal area, relative frequency, and relative density and often to describe and compare the species
dominance of the sites (Fig. 6).The highest relative IVI value were recorded for Sonneratia
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casealaris(150.5) and Rhizophora mucronata (80.7) which were the dominant species. The least
relative IVI value was recorded for Sonneratia alba (11.1) (Table 7 and Fig 6).

Table 7. Relative Density (RD), Relative frequency (RF), Relative basal area (RA),
Importance Value Index (IVI) of true mangroves in Kadamakkudy.

Name of tree species

RD

RF

RA

IVI

Sonnertia caseolaris

57.2

33.3

60.0

150.5

Avicennia officinalis

9.7

16.7

8.5

34.9

Sonneratia alba

1.9

8.3

1.4

11.6

25.3

33.3

22.0

80.7

5.8

8.3

8.1

22.3

Rhizophora mucronata
Brugeria gymnorizha

4.3.2. GBH and Height of true mangroves of Kadamakkudy of Ernakulam

GBH of different mangrove species ranged from 8.0±6.1cm (Bruguiera gymnorizha) ) to
4.0.6±2.07 cm (Sonneratia alba). GBH of Avicennia officinalis and Rhizophora mucronata was
5.0±3.1.cm, while that of Sonnertia caseolaris (6.0± 4.0). Height of the mangrove species ranged
from 10.0 ± 8.1 (Bruguiera gymnorizha) to 5.0.±3.03 cm (Avicennia officinalis). Height of
Sonneratia caseolaris was 8.0± 7.2 while that of Sonneratia alba (7.0 ± 5.8) and Rhizophora
mucronata(6.0± 4.1) (Fig 4).
4.3.3. Shannon Diversity index of mangroves in Kadamakkudy

Diversity indices can be used to characterize the species abundance relationship in a community.
Shannon‟s diversity index is a simple measure to seek out species diversity. The species diversity
indices revealed that transect 3 and 4 had high species diversity in Kadamakkudy. The Shannon
diversity of species was less with a mean of 0.35 which clearly indicated the mangrove density in
Kadamakkudy (Fig 8).
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4.3.4. Mangrove tree health
We surveyed the health indicators leaf / Branch density, Leaf health, Tree top dieback, flowering
of Kadamakkudy eco-geographical area of existing Due to rapid urbanization most of the species
most of the mangrove flora in Kadamakkudy are under severe threat due to small size, isolation
of species in patches (Table 8 and Fig 21, 22 23).

Table 8. Assessment criteria of tree health indicators of true mangrove of Kadamakkudy of
Ernakulum district
Leaf branch density

Leaf Health

Tree top die back

Flowering

HIGH

GOOD

DIE BACK with
small isolated patches

PRESENT FOR Sonneratia
caseolaris, Bruguiera
gymnorizha and Avicennia
officinalis
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4.4. Assessment of Floral Biodiversity of Kadalundi Birds Sanctuary.
The Kadalundi estuary (75° 49ˈ 20ˈ E longitudes and 11° 07ˈ 20ˈ N latitudes) is located at the
mouth of Kadalundi River, which debouches into the Arabian Sea in the west. The estuary has
been officially declared as a Bird Sanctuary and also as Kadalundi-Vallikunnu community
reserve in 2007.The reserve occupies and area of 1.5 sq. km. of Kozhikode and Malappuram
districts of Kerala state (Fig 1). The region harbors high extent of avifaunal diversity,
In the present study, the mangrove flora of Kadalundi-Vallikunnu Community Reserve
comprises about 6 true mangrove species belonging to 5 families (Myrsinaceae, Avicenniaceae,
Rhizophoraceae, Euphorbiacea and Sonneratiaceae). Present study on species dominance and
species composition revealed that the family Avicenniaceae is the largest family in KadalundiVallikunnu Community Reserve with two species Avicennia officinalis followed by the family
Rhizophoraceae having species of Bruguiera cylindrica and Rhizophora mucronata. Diversity of
Rhizophora mucronata and Avicennia officinalis were prioritized among every mangrove in
Kadalundi-Vallikunnu Community Reserve, as these species are regarded as salt tolerant
pioneers and light demanders and they possess certain adaptive characters for reproduction and
survival with efficient mechanism of persistence by producing widely dispersed propagules.
Family Sonneratiaceae showed least diversity with only Sonneratia alba (Table 9; Fig 24, 25).
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Table 9. Floristic composition of mangroves in different sectors of the study area in Kadalundi
Birds Sanctuary (Present √ ; Absent X)
Species

Sectors
Grid I

Grid II

Grid III

√

√

√

X

√

√
√

√

X

X

X

X

X

X

√

√

√

√

Grid IV

√

Avicennia officinalis

√

Rhizophora mucronata
Bruguiera cylindrica

X
√

Sonneratia alba
Excoecaria agallocha

√
√

Acanthus ilicifolius

4.4.1. Structural analysis
Structural analysis includes the study of vegetation and its internal social relationship as well as
structure, composition and successional relations among the plant communities. The structural
analysis of Kadalundi-Vallikkunnu Community Reserve revealed that the highest relative density
(45.2 %) and relative frequency (33%) was for Avicennia officinalis followed by Acanthus
ilicifolius and Rhizophora mucronata, and least was observed for Sonneratia alba (Table.1).
Relative frequency was highest for Avicennia officinalis (33 %) The highest basal area was
recorded forAvicennia officinalis (66.5 m2ha-1) and for Sonneratia alba (28.5) registered lowest
basal area among all. Relative important value index was recorded for Avicennia officinalis
(145.0) was found to be the dominant species owing to high values of relative density and
relative frequency, followed by Rhizophora mucronata and lowest value was found in
Sonneratia alba revealing rarity and sporadic distribution of species. The structural analysis of
the mangrove communities at different estuarine formations revealed that there is site specific
domination of species which in turn supported by the adaptability of the species to specific site
conditions. Plant diversity indices can be used to characterize the species abundance across a
community (Table 10; Fig 7)
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Table 10. Relative Density (RD), Relative frequency (RF), Relative basal area (RA),
Importance Value Index (IVI) of true mangroves in Kadalundi Birds Sanctuary

Name of tree species
Avicennia officinalis
Acanthus ilicifolius
Bruguiera cylindrica
Excoecaria agallocha
Rhizophora mucronata
Sonneratia alba

RD

RF

RA

45.524816
34.210526
15.753129
11.59369
28.866408
10.891089

33.02521
40
23.02521
15.96639
30.70028
11.76471

66.51688
20.19231
5.853641
9.401087
21.88857
5.857741

IVI
145.0669042
94.40283401
44.63197911
36.96116444
81.45525606
28.51353558

4.4.2. GBH and Height of true mangroves of Kadalundi Birds Sanctuary of Kozhikode district

GBH of different mangrove species ranged from 10.1±9.1cm (Avicennia officinalis)to 2.8±1.07
cm (Acanthus ilicifolius). GBH of Excoecaria agallocha (5.75± 4.5), Rhizophora
mucronata(5.3± 4.1), Sonneratia alba and Bruguiera cylindrical (3.5 ± 2.4 cm) (Fig 4).
Height of the mangrove species ranged from 10.5 ± 8.1 (Avicennia officcinalis) to 2.5 ±3.03 cm
(Acathus ilicifolius). Height of Excoecaria agallocha (4.5.± 3.0), Rhizophora mucronata(8.6±
6.1), Sonneratia alba(3.5 ± 2.4 cm), Bruguiera cylindrica(6.0±4.5 cm) (Fig 4).

4.4.3. Shannon Diversity index of mangroves in Kadalundi Birds Sancturay

The plant diversity analysis is been done to assess and compare the range and distribution of
mangrove species and were calculated by using different diversity indices such as Shannon–
Weiner diversity (H‟). Kadalundi had maximum Shannon index diversity of 1.5 in plot 4 and all
the diversity indices in other plot was almost touching 1.0 (Fig 8).
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4.4.4. Mangrove tree health
Kadalundi Bird Sanctuary is a beautiful bay, joining place of Kadalundi river and Arabian Sea,
mangrove forest, beautiful birds, This wet land is in a deep concern for the protection of
mangroves. However, mass deposit of sand in the wetland, close to the bar mouth, has been a
serious threat to the mangrove stands, resulting in the restricting of roots and consequent death of
some trees of S. alba and A. officinalis (Table 11; Fig 26 & Fig 27). In Kadalundi Birds
Sanctuary we could notice a unique difference in true mangrove Bruguiera cylindrica with
orange fruit color instead of green which was observed in other mangrove areas.

Brugueira cylindrica true mangroves bearing orange fruits in Kadalundi Birds Sanctuary
Table 11. Assessment criteria of tree health indicators of true mangrove of Mangalvanam
Birds Sanctuary
Leaf branch density

Leaf Health

Tree top die back

Flowering

HIGH

GOOD

TREE TOP DIE BACK
OF FEW MANGROVE
TREES like Avicennia
marina and
Sonneratia alba

PRESENT FOR
Avicennia
officinalis
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4.5. Assessment of Floral Biodiversity of Kallai of Kozhikode district
In the Kallai river, the natural process of alluvial sediment transport/deposition in the estuarine
habitat environment have practically ceased because of the ubiquitous practice of a large number
of timber saw-mills on either side of the river banks, dumping tons and tons of commercial
timbers in the river stretch, thereby considerably blocking the sediment transport to the river
estuary. The Kallai, from time immemorial has been associated with its timber industry and has
been a famous, trading centre for timber to the entire Middle East. Considerable stretch of both
Kallai and Chaliyar riversides along their upriver courses from the estuaries, exhibits highly
disrupted strip or fringe mangroves of varied structural configuration from shrubby thicket to
woody vegetation. These patches are mostly predominated with the species Avicennia marina
and Avicennia officinalis with an admixture assemblage of other halophytic plants in varied
stages of growth, even with secondary level succession or stunted appearance (Fig 28, 29).

4.5.1. Structure analysis
This study is important for understanding the functioning of community, implies knowledge of
structure and composition of the component species. Various parameters on the basis of which
the present Phyto-sociological investigation has been done, include frequency, relative
frequency, density, relative density, relative basal cover and important value index (IVI) (Cottom
and Curtis, 1956). The density values show that, Avicennia marina trees are having relative
density of 58.8. % followed by Avicenna officinalis and has the stem relative density (48.1 %)
among true mangrove. Avicenna marina has the highest basal area (49.8. m2 ha-1) followed by
Avicennia officinalis(25.0 m2 ha-1). It is seen that the mangroves on sea fronts generally have
high basal area. The frequencies of different species revealed the degree of dispersion of
individual species in an area and are expressed in terms of percentage occurrence (Table 12; Fig
7).
The highest relative IVI values were recorded for Avicennia marina (150.8) followed by Avicennia
officinalis (102.2) was found to be the dominant species (Table 12; Fig.7). The main vegetation of

mangrove trees is dominated by Avicennia marina and Avicennia officinalis. These mangroves
are constituted by an assortment of medium trees and shrubs that are adapted to grow in saline
coastal sediment habitats. Average GBH and height of Avicennia mangrove trees in Kallai is
25
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14.0±11.2 and 6.5±5.6 with (Avicennia marina having GBH and height is 16.0±1.07 cm; 7.0±
3.5m ); (Avicennia officinalis having GBH and height is 12.0± 10.2 ; 6.0± 3.2m) (Fig 5).

Table 12. Relative Density, Relative frequency, Relative basal area, Importance Value
Index (IVI) of trees in Kallai of Kozhikode district.

Name of tree species

RD

RF

RA

IVI

Avicennia marina
Avicenniaofficinalis

58.8
48.1

50
50

49.8
25

150.8
102.2

RD: Relative density; RF: Relative frequency RA: Relative area IVI: Important value index

4.5.2. Shannon Diversity index of mangroves in Kallai in Kozhikode district

The plant diversity analysis is been done to assess and compare the range and distribution of
mangrove species and were calculated by using different diversity indices such as Shannon–
Weiner diversity (H‟). Kallai had maximum Shannon index diversity of 1.3 in plot 2 and all the
diversity indices in other plot was almost touching 1.0 (Fig 18).
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4.5.3. Mangrove tree health
We surveyed the health indicators like leaf / Branch density, Leaf health, Tree top dieback,
Flowering of Kallai eco-geographical area were found to be in good health with no top dying of
canopy (Fig 28 & Fig 29).

Table 13. Assessment criteria of tree health indicators of true mangrove of Kallai region of
Kozhikode
Leaf branch density

Leaf Health

Tree top die back

Flowering

HIGH

GOOD

NO DIE BACK IN
MAJORITY AREAS

PRESENT FOR BOTH
Avicennia marina and
Avicennia officinalis

4.6. Comparisons of floral species between different geographical areas
The assessment of floras from five different geographical areas suggested that Avicennia
officnalis is a dominant species with maximum stems in Kadalundi Birds Sanctuary. The
mangroves of Kochi city had high species richness, with monospecies dominance in particular
geographical locations. The Importance Value Index (IVI) for each species that reflects habitat
preference could be used as suitable conservative measures to protect the ecosystem (Fig 9, 10).
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4.6. Assessment of “indicator species” (fishes, crabs, mollusks)
Mangrove forests are home to a variety of fish, crab, shrimp, and mollusk (gastropods) species.
These fisheries are an essential source of food for thousands of coastal communities around the
world. Resident fauna of mangroves are mainly benthic fauna of intertidal habitats grouped
under two broad categories viz.: infauna and epifauna. Infauna are animals that burrow and
penetrate the substratum and predominantly comprise polychaetes, brachyuran crabs, woodboring animals, mud burrowing bivalves and gobiid fishes. Epifauna include the commonly
occurring gastropods and some sessile bivalves like oysters. The adults of a few crustaceans and
larval forms of crustaceans, molluscs and fish are mainly represented in zooplankton.
Mammals, birds and reptiles stray into the mangroves for foraging. A number of insects, bats and
birds visit mangroves, take shelter in foliage and derive food from leaves, flowers and fruits. But
the importance of the ecosystem as a refuge for several animals cannot be overlooked. Moreover,
many of the vertebrate species reported from the mangrove ecosystemare endemic in the Islands.
Mangrove crabs are ecologically significant in many ways as they keep much of the energy
within the forest by burying and consuming leaf litter. Burrows are the primary indicators in the
mangrove ecosystem to denote the presence of crabs. Crab faeces may form the basis of
acoprophagous food chain contributing to mangrove secondary production such as food for
juvenile fish inhabiting the adjacent waterways indicating that crabs also help near shore
fisheries. Crabs themselves are food for threatened species such as the crab plover. Their
burrows alter the topography and sediment grain size of the mangrove and help to aerate the
sediment. Smith et al. (1991) found that removing crabs from an area caused significant
increases in sulfides and ammonium concentrations which in turn affect the productivity and
reproductive output of the vegetation. Their findings support the hypothesis that mangrove crabs
may function as keystone species in the ecosystem.
Studies on mollusks in various estuarine ecosystems revealed that gastropods are ecologically
very intimate group in the mangrove ecosystem and constitute a considerable part of benthic
fauna. The maximum occurrence and density of gastropods are in sediment substratum owing to
abundance of mangrove detritus. The variation of habitat plays a crucial role in locating the
indicator species like gastropods. Salinity tolerance of gastropod species is generally influenced
28
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by the salinity regime of its habitat. The indicator species identified from the five different study
sites are detailed in the table (Table 14.)
Table 14. The presence and absence of “indicator species” in different study sites

Mangalvanam

Puthuvpin

Kadamakkudy

Kadalundi

Birds

Birds

Sanctuary

Sanctuary

Kallai

Indicator
Species
Fishes

+

-

-

++

-

Crabs

+

-

-

+++

-

++

-

-

+++

-

Molluscs

/

Gasropods
(+ low; ++ medium; +++ (high)

4.6.1. Indicator faunal species in Mangalvanam Birds Sanctuary
Mangalavanam gained importance because of the mangrove vegetation and also the congregation
of communally breeding birds. Apart from these it is considered as a 'green lung' of Ernakulum
City which pollutes it by effluents from many industries and also motor vehicles.
The mangrove ecosystem provides a subsidiary habitat for many of the terrestrial fauna of these
Islands, which mainly invade mangroves as visitors. The fish and crabs inside the lake are what
constitute the main source of food for these migratory birds. But after the aftermath of the Kerala
flood saw waste in flood water being dumped into the forest, which also polluted the lake. The
reduction of fishes, crabs and gastropods are observed. Some of the local fishes, fiddler crabs
(Uca sp), red crab (Sesarma sp) frequently observed in Mangalvanam Birds Sanctuary in 20152017, were reduced during the survey period from January to March 2019. The survey showed
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noticeable lack of molluscs / gastropods indicator species in all the selected plots. Only in a
single selected plot in Mangalvanam Birds Sanctuary, where flow of water out is more; the
survey could observe few species of gastropods and bivalves (Fig.11, Fig.30, Fig.31, Fig.32,).
There is no flow of water in the lake inside the middle of the Mangalvanam Birds Sanctuary.
Stagnant water –by default- gets polluted, thereby proving extremely harmful to the marine life
inside the water. They show a drastic reduction in the number of living species found here. Even
toxic waste from oil refineries end up here. The density of fishes, crabs and gastropods as
indicator species in Mangalvanam Birds Sanctuary were significantly reduced. However, with
only a survey it is difficult to understand and link drastic reduction of indicator species to flood
or any other environmental threats.

4.6.2. Indicator faunal specie in Puthuvypin

The close proximity of Kochi city and to the international sea route Puthuvypeen has attracted
huge investment projects in the near past like the Liquefied Natural Gas (LNG) Terminal,
Bunkering Terminal, Single Buoy Mooring, Ship Repair Complex, to name a few. It is perhaps
one of the fastest growing industrial areas in the state of Kerala. Puthuvypin Beach, though a less
visited beach at present is also one of the very beautiful beaches which is expected to be
developed for tourism and the local administration is making a lot of efforts to promote this place
as a highly sought after tourist destination.
Though the development of new projects contributes to expansion in the social and economic
fronts and overall development of the region, they may also bring in adverse effects on the
environmental quality, if adequate precautions are not taken. When stress in such projects is laid
on providing benefits to the stakeholders, quality of the project environment is invariably
overlooked. This, as felt in many instances, may result into severe landscape changes,
degradation of land, water and soil quality, loss of vegetation and habitats, endangered fauna,
imbalances in ecosystems, socio-economic and cultural instability, among many other
undesirable consequences. It will ultimately lead to a stressed ecosystem that does not contain
the full complement of species and interrelationships that would normally prevail. Here we noted
that the indicator species (fishes, crabs and gastropods) were not visualized during the survey.
The density of crabs and its burrows were not seen. Therefore, there is a pertinent need to
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carefully evaluate the prevailing environmental conditions of the development area and
surroundings prior to the implementation of the development projects.(Fig 11)

4.6.3. Indicator faunal species in Kadamakkudy

The Kadamakkudy gram panchayat which consists of 13 wards surrounded by the backwaters
is rich in natural beauty. The area offers plenty of scope for developing the islands into a
potential tourism spot. However, the plans for developing Kadamkkudy into a major tourism
spot are yet to materialize.The Pokkali fields, the backwaters and verdant „thuruthu‟ (islets)
are the major attractions of Kadamakkudy. Along with Pokkali cultivation, the farmers
cultivate prawns, crab and small fishes, including local varieties like pallathy, during the offseason. The islands are interconnected with backwaters. Moreover, there are streams inside
each isle which provides improved access to the interior areas. The interview survey with
local fisherman and farmers clearly revealed that there is a severe decline of crab, fishes and
prawn cultivation after the Kerala flood in Kadamakudy. The survey of this project also could
not observe any indicator species in this region (Fig. 11).

4.6.4. Indicator faunal species in Kadalundi Birds Sanctuary

The mangroves and the mangrove wetland system in and around Kadalundy, offer congenial
habitats or home grounds for many and varied faunal communities, which remain well integrated
in a natural web of food chains, right from the detritus feeders and primary consumers
(herbivores) to secondary, or tertiary consumers (carnivores). Many of the fish species with local
names (Thinda, Churakora) are harvested commercially are associated with the estuarine
wetlands, the degree of their dependence, however, varying widely with species. Most of the
species, which are caught in coastal waters, spawn offshore, but their juveniles migrate to the
estuarine-mangrove wetland systems, and use them as nursery areas (Fig 34). One ubiquitous
form, a deposit feeder, found in the intertidal zone was the fiddler crab, Uca sp. (Fig 35). The
presence of marine gastropods, probably the forms often frequenting the shoreline and estuary
environs, was also recorded from the estuarine premises. As such large-scale fishery activity-for
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the col1ection of oysters, green mussels, prawns and crabs, besides intensive local fishery
operations for fish catching from estuarine cum coastal marine waters-is the major occupation of
the local community people (Fig 34, 36, 37 &38).Under these indicator species, the communities
of crabs and oyster (Crassostrea madrasensis) dominated the scene (Fig 11 & 35, 37).

4.6.5. Indicator faunal species in Kallai

Kallai river has disrupted stretches of mangroves along their margins. The estuary premises of
these rivers are almost entirely devoid of mangroves, owing to varied kinds of pressures from
urban settlements, port developmental and other industrial activities. Major fauna associated with
the mangrove lined wetland system are the fishes, mostly the marine forms frequenting the
brackish water systems in the tidal inflows. Local fishermen amply make use of the premises of
mangrove lined river stretch. As far as our survey we couldn‟t able to trace out any of the
indicator species in this mangrove ecosystem (Fig. 11)
4.6.6. Comparison of “indicator species” from different surveyed area

If

we

compare

five

geographical

sites

for

the

indicator

species

(fishes,

crabs,

molluscs/gastropods) fishes and crabs were more prominent in Kadalundi Birds Sanctuary rather
than in Mangalvanam Birds Sanctuary. If we compare the protected areas (Sanctuary) with other
geographical sites protected zones are prominent with indicator species. (Fig 11).

5. Impact onEcosystem
5.1Mangalvanam Birds Sanctuary
Mangalavanam gained importance because of the mangrove vegetation and also due to the
congregation of communally breeding birds. There is no flow of water in the lake inside the
middle of the Mangalvanam Birds Sanctuary. Stagnant water by default gets polluted, thereby
proving extremely harmful to the marine life inside the water (Fig 13). They show a drastic
reduction in the number of living mangrove floral species found here. Even toxic waste from oil
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refineries end up here. The density of crabs and gastropods as indicator species in Mangalvanam
Birds Sanctuary are reduced to a significantly extent.
5.2.Puthuvypin

Mangrove areas may be rehabilitated in some regions, but species and ecosystems cannot be
effectively restored. Puthuvypin mangroves are indicated as healthy mangrove forest due to good
regeneration capacity of the species. Despite great threat to the survival of Avicennia marina in
this mangrove patch, there is no care or protection of this species. Puthuvypin is the only
Avicennia marina population in Southern Kerala. Dumping of wastes and rapid development in
the vicinity certainly has an impact on the vegetation due to the increase in clearing of
mangroves for urbanization. However, information regarding the natural vegetation affected by
the continued mangrove extraction is scarce. Comprehensive species-specific data is essential for
implementing conservation initiatives. It will ultimately lead to a stressed ecosystem that does
not contain the full complement of species and interrelationships that would normally prevail.
Here we observe that the indicator species (fishes, carbs and gastropods) are were not visualized
during the survey. The density of crabs and its burrows were not seen. Therefore, there is a
pertinent need to carefully evaluate the prevailing environmental conditions of the development
area and surroundings prior to the implementation of the development projects (Fig. 24, 25).
5.3.Kadamakkudy
Sonneratia caseolaris, commonly known as mangrove apple is a species of plant in the family of
Lythraceae, are the dominant species in Kadamakkudy. The fruit is noted for its outward
similarity to the persimmon fruit. This tree is a type of mangrove growing up to 8 m in height
and with a trunk reaching a maximum diameter of 6 cm. The largest population of this species is
observed in this geographic area. However, there are plans for developing Kadamkkudy into a
major tourism. The Pokkali fields, the backwaters and verdant „thuruthu‟ (islets) are the major
attractions of Kadamakkudy. Along with Pokkali cultivation, the farmers cultivate prawns,
crab and small fishes. The indicator species (fishes, carbs and molluscs) were drastically
reduced. Even the local farmers are not going for routine fishing.
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5.4. Kadalundy Birds Sanctuary
Kadalundi wet land conservation is of importance for the protection of mangroves. However,
accretion of sand on the western edge of this wetland, close to the bar mouth is a serious threat to
the mangrove stands, resulting in the smothering of roots and consequent death of some trees of
S. alba and A. officinalis(Fig 33 and Fig 34). Impact on mangroves will seriously affect the
dependent fauna.
5.5. Kallai
These patches are mostly predominated with species like Avicennia marina and Avicennia
officinalis, with admixed assemblage of other halophytic plants in varied stages of growth. In the
Kallai river, the natural process of alluvial sediment transport/deposition in the estuarine habitat
has practically ceased because of the ubiquitous practice of dumping large number of timber by
the saw-mills located on either side of the river banks. They dump tons and tons of commercial
timbers in the river stretch, considerably blocking the sediment transport to the river estuary.
Local fishermen amply make use of the premises of mangrove lined river stretch. As far as our
survey was concerned, despite the attempts made unable to trace any of the indicator species in
this mangrove ecosystem owing to varied kinds of pressures from urban settlements, port
developmental and other industrial activities (Fig 35).

6. Environmental Impact
Mangroves are tropical/subtropical communities of primarily tree species that grow in the
intertidal zone. These tidal forests are important coastal ecosystems that are valued for a variety
of ecological and societal goods and services. Major local threats to mangrove ecosystems in our
study include clear cutting and trimming of forests for urban, agricultural, or industrial
expansion; hydrological alterations and toxic chemical spills. Flooding in Kerala may have
changed local salinity regimes and competitive interactions of mangroves with other wetland
species, while sea-level rise would have altered erosion and sedimentation rates in mangrove
forests. The special indicator animals like fishes, crabs and mollucs /gastropods are mainly
available in protected mangroves areas when compared to other local mangrove forests due to
various environmental threats other than flood.
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7. Socio EconomicImpact
Like any other types of forests, mangrove forests form the national wealth of a nation. Timber
produced from mangroves is of great value. Both over exploitation and conversion activities can
result in severe socio-economic consequences for coastal people and their regional economic.
Mangrove ecosystems provide significant socio-economic benefits such as timber, fish, and
environmental services such as coast protection, water regulation and nursery habitat for a wideranging diversity of species. Their income are mostly generated by the selling of non-timber
forest products collected from the mangrove forest such as fishes, crab, shells and prawns. The
main contributors in both areas are crabs and fishes. Their usage of timber forest products
collected from the mangrove forest is mostly for survival purposes such as construction materials
or fire wood when they have run out of fuel. Most of the mangrove timber product were not
utilized as a source of income but rather for own consumption. Marine products or aquatic
organisms like fishes, crab and bivalve are the important categories because it is a source of
immediate cash.

8. Discussion &Conclusion
In the present study, we found significant differences between the “undisturbed” (Mangalvanam
Birds Sanctuary and Kadalundi Birds Sanctuary) and disturbed (Puthuvypin, Kadamakkudy and
Kallai) mangrove areas in terms of quantity and quality in flora/ fauna of mangrove ecosystem.
Growth and community development of mangroves vary between regions due to natural,
anthropogenic, and historic factors. While climatic factors are significant in controlling the
distribution of mangroves, local site factors, including topography, soil properties, and tide
fluctuations, are significant elements affecting variations in structure and composition of
mangrove communities after flood. In dry environment, dryness and high salinity are the most
critical factors that control growth, structure, and composition of mangroves. Often, species
richness of mangrove communities are linked to the degree of salinity. The mangroves of Kochi
city had high species richness, with monospecies dominance in particular geographical locations.
35
Impact of Floods/Landslides on Biodiversity of Kerala 2018

The species like Avicennia marina located in Puthuvypin, Avicennia officinalis of
Mangalavanam Birds Sanctuary, Sonneratia caseolaris of Kadamakkudy geographical area. The
Mangroves in other district (Kadalundi Birds Sanctuary and Kallai) have comparatively low
monospecies dominance structural development. According to the enhanced tolerance against
salinities, true mangroves are further subdivided into three groups: high salt-tolerant, moderately
salt tolerant and less salt-tolerant species. Thus the mangrove habitats after flood remains
unaffected in and around Kochi city, the presence of uneven aged mixed mangrove forest with
good and low structural development based on the overall stand basal area. Since the Kochi
mangroves are degrading at an alarming rate (Puthuvypin) the remaining mangroves should be
well protected and the areas having most structural development for each species can be selected
for its restoration programmes. The Importance Value Index (IVI) for each species that reflects
habitat preference could be used as suitable conservative measures to protect the ecosystem.
Being part of the community reserve, the mangroves of Kadalundi are well protected from
anthropogenic destructions as the communities living along the Kadalundi wetland have a deep
concern for the protection of mangroves. However, accretion of sand of this wetland, close to the
bar mouth, has been a serious threat to the mangrove stands, resulting in the restricting of roots
and consequent death of some trees of S. alba and A. officinalis. Kadalundi Birds Sanctuary of
Kozhikode also needs long term supervision due to high genetic variation; most species have a
widespread distribution that overlaps with several other congeneric relatives, For example we
identified Bruguiera cylindrica with orange fruits. This also provides us ample opportunity for
hybridization and introgression and thereby leading to confusing species identity.
The mangrove vegetation interacts with aquatic, inshore, upstream and terrestrial ecosystems
that also form intertidal habitats for birds, fishes, reptiles, amphibians, mammals and a variety of
aquatic invertebrates such as insects, mollusc, i.e. gastropods (snails) and bivalves (mussels),
crabs, shrimps, oysters, sponges, barnacles, and polychaetes (worms). The juvenile fishes in the
the study indicates that the mangrove prop-root habitat is utilized primarily as a nursery.
We also found that the indicator species were most prominent in protected area (Mangalvanam
Birds Sanctuary and Kadalundy Birds Sanctuary) rather than in other natural mangrove forests
(Puthuvypin, Kadamakkudy, Kallai. The interviews with farmers of Kadamakkudy and
Puthuvypin indicated drastic reduction in fishes, crabs and molluscs after Kerala flood.These
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farmers are undergoing severe financial crisis after Kerala flood. Furthermore, based on the
current information on the indicator species viz. fishes, crabs and mollusk‟s, it is imperative to
conduct a more detailed research on various aspects of fauna such as species richness, diversity,
distribution and the association of fauna with water quality, food resources in different habitats
of mangrove. Mangrove areas are decreasing at an alarming rate due to anthropogenic activities
such as over-exploitation for fuel wood and fodder, conversion into urbanization, agricultural
fields, aquaculture and fish farming, diversion of rivers due to construction of the water
reservoirs which decrease inflow of fresh water into mangrove areas, pollution (oil spills,
domestic and industrial sewage) and reclamation of inter-tidal areas (Barter 2002; Mineau et al.
2005). These activities also have negatively affected the indicator species of the mangrove, in
addition to the flood.

Suggested Interventions

9.


The primary aim of a mangrove management strategy should be to maintain the health of
the remaining mangrove ecosystems (thereby improving their resilience) and to reduce
the rate of mangrove loss. This is often more effective than trying to plant new
mangroves and is less expensive than other approaches.



Awareness raising about the importance of mangrove ecosystems about its prioritization
(for example Mangalvanam Birds Sanctuaray and Kadalundi Birds Sanctuary) should be
taught by field class by involving local communities and showing the importance of
ecosystem and their interrelationships may provide better knowledge in their
management and can contribute to better protection.



Protected area reserve design should ensure ecosystem connectivity and consider
ecological processes along nursery-reef boundaries, as well as linkages with marine and
terrestrial food webs.



Protected areas should be designed and managed to protect against the broad range of
threats affecting mangrove ecosystems, including threats from sea-level rise,
eutrophication, coastal development, and sedimentation, which are often not addressed.



In sites where mangroves have been present in the past, there is a need to distinguish
between sites whether degraded or not degraded and the mangrove cover was removed or
destroyed. Based on this distinction and having determined that planting is necessary.



Propagules collected from genetically diverse population are necessary to provide quality
and in the amounts required for planting programs.
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Informing the public about the unique features of mangroves, their values, and the
potential consequences of their loss is of high importance.



The most important factor to be considered when assessing a site for rehabilitation is
selecting the most appropriate species of plant (Puthuvyppin, Kadamakkudy).



Kallai mangrove area should be given proper management. The timber deposition from
saw mills which seriously affects mangroves and indicator species.



The density of crabs and gastropods as “indicator species” in Mangalvanam Birds
Sanctuary are reduced significantly to a greater extent should be monitored.



We need to carefully evaluate the prevailing environmental conditions and mangroves of
Puthuvypin before the development area and surroundings prior to the implementation of
the development projects. The only Avicennia marina potential mangrove population in
Southern Kerala / Ernakulam which lies close to the city.



The indicator species (fishes, carbs and molluscs) were drastically reduced in
Kadamakkudy. Even the local farmers are not going for routine fishing.



Accretion of sand in Kadalundi is a serious problem which causes dying of mangroves
which finally affects the depend fauna.

10.Ambiguities in theStudy


Species level identification of fishes, molluscs/gastropods



Time constraint
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Fig 1 Map showing the various location of survey
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Fig 2 Graph showing different species and its relative density (RD), relative frequency (RF),
relative basal area (RA) and important value index (IVI) in Mangalvanam Birds Sanctuary of
Ernakulam district.
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Fig 3. Species-wise GBH, height class distribution of mangrove in Mangalavanam Birds
Sanctuary and Puthuvypin of Ernakulam district.
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Fig 4. Species-wise GBH and height class distribution of mangrove in Kadamakkudy of
Ernakulam district and Kadalundi Birds Sanctuary of Kozhikode district.
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Fig 5. Species-wise GBH and height class distribution of mangrove in Kallai of Ernakulam
district.
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Fig 6. Graph showing different species and its relative density (RD), relative frequency (RF),
relative basal area (RA) and important value index (IVI) in Puthuvypin and Kadamakkudy of
Ernakulam district
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Fig 7. Graph showing different species and its relative density (RD), relative frequency (RF),
relative basal area (RA) and important value index (IVI) in Kadalundi Birds Saanctuary and
Kallai of Kozhikode district.
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Fig 8. Shannon Weiner diversity index of different selected Plots in different surveyed area.
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Fig 9. Graph showing different species and its relative density (RD), relative frequency (RF), relative
basal area (RA) and important value index (IVI) in surveyed area
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Fig 10. Graph showing different species and its relative density (RD), relative frequency (RF), relative
basal area (RA) and important value index (IVI) in surveyed area
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Fig11. Comparison of indicator species counts monitored during the survey
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Fig12. Aerial view of Mangalvanam Birds Sanctuary

Fig 13.Poor regeneration of mangrove seedlings saplings in the middle wet land region of
Mangalvanam Birds Sanctuary.
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Fig 14. The fringe area of the Mangalvanam Birds Sanctuary dominated by shrubby saplings /
seedlings of Acanthus ilicifolius

Fig 15. Dominant Avicennia officinalis in
Mangalvanam Birds Sanctuary

Fig 16. Dominant Rhizophora mucronata in
Mangalvanam Birds Sanctuary
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Fig 17. Destructed mangrove trees of Avicennia marina and Avicennia officinalis in Puthuvypin area as
per preflood data

Fig 18. Dumped mixtures of slurry and chemicals as per pre flood data
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Fig 19. Avicennia marina bushland population

Fig.20 Avicennia mangrove trees affected by top dying in Puthuvypin area
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Fig 21. A view of Kadamakkudy mangrove area

Fig 22.Bruguiera gymnorizha
in Kadamakkudy

Fig 23. Dominant Sonneratia caseolaris in Kadamakkudy
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Fig 24. Dominant Avicennia officinalis mangroves in Kadalundi Birds Sanctuary

Fig 25. Rhizophora mucronata mangrove plantation in Kadalundi Birds Sanctuary
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Fig 26. Top dying of Avicennia officinalis in Kadalundi Birds Sanctuary

Fig 27. Top dying of Sonneratia alba in Kadalundi Birds Sanctuary
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Fig 28. A view of mangrove patch in Kallai of Kozhikode district

Fig 29. Avicennia mangrove forest of Kallai of Kozhikode district
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Fig 30. Indicator fishes in Mangalvanam Birds Sanctuary

Fig 31. A Fiddler Crab (Uca Sp.) in Mangalavanam
Birds Sanctuary

Fig 32. A red clawed crab
in Mangalavanam Birds Sanctuary
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Fig 33. Indicator Molluscs / Gastropod indicator species from Mangalvanam Birds Sanctuary

63
Impact of Floods/Landslides on Biodiversity of Kerala

Fig 34. Shrimps and fishes from Kadalundy Birds Sanctuary

Fig 35. Fiddler crab and its burrow counting area in Kadalundi Birds Sanctuary
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Fig.36 Bivalave green mussels from Kadalundi Birds Sanctuary

Fig 37. Oysters (Crassostrea madrasensis) in Kadalundi Birds Sanctuary

Fig 38. An island of gastropods in Kadalundy Birds Sanctuary
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