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Summary of the project
Data on Physical properties and microstructure of 12 mangrove species from Maharashtra will
be collected. The macro (gross) and microstructure of wood material of a timber species is
being used as fingerprint for its accurate and reliable identification. The collected data will be
useful in identifying the mangrove species where illegal felling has taken place in Mangrove
encroached areas of Maharashtra and will help in recovering the encroached areas.

Introduction
Mangroves are salt tolerant, halophytic woody plants distributed along the tropical and
subtropical tidal margins, between ~26°N to 36°S (Duke 2006). Mangroves are significantly
different from other vegetation as they survive in an environment, an interface between land
and sea marked with fluctuations with salinity, exposed to winds and tides and to extreme
events such as cyclones, hurricanes and tsunamis (Alongi 2002). Mangroves provide a range
of ecosystem services (Ewel et al. 1998), including coastal protection from waves, wind and
weather events (Koch et al 2009).
Mangroves occupy less than 1% of the world's surface and are mainly found between
the Tropic of Cancer and the Tropic of Capricorn on all continents covering an estimated 75
percent of the tropical coastline worldwide. There are more than 18 million ha of global
mangroves inhabiting in 112 countries and territories in the tropical and subtropical region.
Around 34 major and 20 minor mangrove species belonging to about 20 genera in over 11
families have been recorded globally (Tomlinson, 1986). India with a long coastline of about
7516.6 km, including the island territories, has a mangrove cover of about 6,749 km, the fourth
largest mangrove area in the world (Naskar & Mandal, 1999). These mangrove habitats (69°E89.5°E longitude and 7°N-23°N latitude) comprise three distinct zones: East coast habitats

having a coast line of about 2700 km facing Bay of Bengal, West coast habitats with a coast
line of about 3000 km facing Arabian sea, and Island Territories with about 1816.6 km
coastline. Mangroves in India account for about 3% of the global mangroves and 8% of Asian
mangroves (SFR, 2009; FAO, 2007). About 60% of the mangroves occur on the east coast
along the Bay of Bengal, 27% on the west coast bordering the Arabian Sea, and 13% on
Andaman & Nicobar Islands. Mangroves are spread over an area of 24,661.56 km along the
coastal areas of the country.
As per a Forest Survey of India report of 2013, mangroves constitute around 462,800
hectares accounting 3% of the wold’s mangrove vegetation 0.14 per cent of India’s land area, along
the east Coast (80%) and West Coast (20%) with Sundarbans in West Bengal accounting for almost
half of it. As per the report, six of Maharashtra’s districts have mangrove cover: Mumbai city,
Mumbai suburbs, Raigarh, Ratnagiri, Sindhudurg and Thane. Raigarh has the largest mangrove
cover at 6,200 hectares.
The Indian mangroves comprise approximately 59 species in 41 genera and 29 families.
Of these, 34 species belonging to 25 genera and 21 families are present along west coast. There
are about 25 mangrove species which have restricted distribution along the east coast and are
not found on the west coast. Similarly, there are eight species of mangroves like Sonneratia
caseolaris, Suaeda fruticosa, Urochondra setulose etc. which have been reported only from
the west coast. There are approximately 16 mangrove species reported from the Gujarat coast,
while Maharashtra has about 20 species, Goa 14 species and Karnataka 10. Mangroves are
being utilized for their wood construction, fuel, fodder, barks for tannin extraction, fruits and
young shoots are used as vegetable, medicinal use, protection from natural calamities such as
during Tsunami.

Because of the high specific gravity of Rhizophoraceous wood, they are

preferred for firewood. They are also used for boat building, brick-burning and to make poles.
Avicennia marina (Verbinaceae) and Sonneratia alba (Soneneratiaceae) are commonly found
plant species in mangrove ecosystems. Avicennia spp. have the highest salt tolerance of all
mangrove trees and are one of the dominant species. Because of the high salinity of the soil,
around 60 -70 per cent of Mumbai mangroves comprise A. marina. S. alba is a front mangrove
species and prefers non swampy intertidal zones. In the low intertidal zone, it can be the
dominant species along with A. marina, forming a tree line along the seaward margin of its
range.

Around 186 km2 of the state of Maharashtra is under mangrove cover. Though legal
protection is afforded to this ecosystem by way of legislation in the form of Coastal Regulation
Zone Notification and mangrove areas being notified as protected forests, many a times the
legal provisions are not sufficient to curb illegal activities. Felling of trees for fuel wood and
wood products is a threat to the mangrove ecosystems. Among the current threats to mangrove
ecosystems, the ever-increasing human pressure on coastal areas is one of the most serious. In
addition to human-induced threats, natural hazards such as cyclones, storms and floods
frequently occur in the region, threatening several coastal ecosystems, including mangroves.
Land reclamation for construction activity, aquaculture, agriculture and tourism is a major
threat to mangrove ecosystems in Maharashtra. Illegal logging and encroachment of mangrove
forests are the cause of many economic as well as ecological problems. .
Mangroves provide valuable coastal protection services (Mazda et al., 2006) and are
increasingly recognized for their role in carbon sequestration (Mcleod et al., 2011). Mangroves
are crucial for coastal areas as they help in preventing soil erosion and also act as a catalyst in reclaiming
land from seas. They exhibit a variety of adaptations viz. morphology, anatomy, physiology,

seed and seedlings development and succession mechanisms. They are subjected to strong tidal
flows and waves as well as high wind speeds that may cause structural damage to trees.
Therefore, survival and establishment of mangrove trees under different environments partly
depend on their anatomical structure, wood density and mechanical strength (Van Gelder et
al., 2006; Curran et al., 2008). In addition to the wind and wave forces, mangroves grow in
soils that vary in salinity. When rainfall run-off is limited, soil pore-water high in inter-tidal
zone becomes highly saline due to evaporation of seawater (Robert et al., 2009). High salinity
simulates to drought condition and results in an increase in tension in water column within
xylem, which can impose mechanical stresses on xylem vessels (Hacke et al., 2001; Jacobsen
et al., 2005). Knowledge of presence and distribution of various anatomical wood elements as
well as physical properties of mangrove species is very necessary to identify different species
and understand their woody material for suggesting value-added utilization. Wood density is
an important characteristic defining the mechanical properties and its performance such as
resistance to breakage during high winds (Curran et al., 2008; Niklas and Spatz 2010) and to
boring insects and pathogens (Bell et al., 2006). Wood density and other properties are
dependent on anatomical characteristics such as presence of vessels and fibres and their
arrangements in wood (Jacobsen et al., 2005; Preston et al., 2006).

Although numerous works carried out on field identification of mangroves based on
characters of bark, leaf and branching pattern etc., not much work has been carried out on
wood anatomical characters for identification of Mangroves in general and Mangroves of
Maharashtra sea coast in particular. To name a few, studies on anatomy of Mangroves from
Coondapura (Rao et al, 2005) from Kerala (Vidyasagar et al. 2015, and Anoop et al, 2010),
Naskar and Prathip kumar (2015) have shown eco-anatomical and physiological adaptations
of selected mangrove species. The wood structure is different in different species depending
on the proportions, size and distribution of various cell elements like vessels, fibres,
parenchyma and rays. No two woods have exactly the same structure and structural patterns
seen on the end surface or cross surface constitute as it were the finger prints of wood by which
the identity of any timber can be established. The macro (gross) and microstructure of wood
material of a timber species is being used as fingerprint for its accurate and reliable
identification and inexpensive compared to other forms of identification using DNA finger
printing, molecular markers and chemical markers. Keeping this in view, the present study is
proposed to be undertaken to study the anatomical characters and a few important physical
properties (such as density, shrinkage) of mangrove species being found in two different
locations of Maharashtra seacoast.
Objectives
1. To study microstructure and important physical properties of important mangrove
species selected from two locations
2. To create database of anatomical properties of mangrove species from Maharashtra
seacoast for their identification.

Materials and methods:
Twelve mangrove species intended to be studied are from the following list depending on their
access and availability. Two feet billet from three tree of each species from stem wood needs to be
collected for the study.

1. Aegiceras corniculatum (Myrsinaceae)
2. Avicennia marina (Verbenaceae)
3. Avicennia officinalis (Verbenaceae)
4. Bruguiera cylindrica (Rhizophoraceae)

5. Bruguiera gymnorrhiza (Rhizophoraceae)
6. Bruguiera parviflora (Rhizophoraceae)
7. Ceriops tagal (Rhizophoraceae)
8. Excoecaria agallocha (Euphorbiaceae)
9. Kandelia candel (Rhizophoraceae)
10. Luminetzera racemosa (Combretaceae)
11. Rhizophora apiculata (Rhizophoraceae)
12. Rhizophora mucronata (Rhizophoraceae)
13. Sonneratia alba (Sonneratiaceae)
14. Sonneratia apetala (Sonneratiaceae)
15. Sonneratia caseolarius (Sonneratiaceae)

Study area :Branch wood samples of different species of mangroves were collected from Thane
creek (Airoli mangrove area- N 19º 14’ 76.5” E 072º 98’43.9”, Mumbai and Achra of Sindhudurg
(N 16 º 13’768” E 073 º 27’418”) Districts of Maharashtra state.
Two tours were conducted to collect wood samples, one to Thane and other to Achra, Malwan of
Sindudurg District of Maharashtra. Wood Samples of R.apiculata (1 sample), E.agallocha (1

sample) and B.gymnorrhiza (2 samples) from Achra and S.apetala and A.officinalis from Thane
creek were collected. The collected samples are brought to the laboratory and prophylactic
treatment of FAA is given to the samples to prevent them getting affected by fungus.
The wood samples have been converted to study/ determine the moisture content, basic density,
shrinkage. Wherever the girth of the samples is less than 12 cm, shrinkage samples could not
be prepared. In case of R.apiculata the girth of the sample was also less and was not in sound
condition (the sample was decayed partially), hence shrinkage samples could not be prepared.
Basic density is determined using the formulae: Mass of the oven-dry sample / volume of the
saturated sample. 6-7 samples have been used from a tree specimen.
Shrinkage : Samples have been converted in to 6 x 2 x 2 cm dimension and saturated in water.
The saturated samples are then measured for their length, breadth, thickness and volume and
mass of the samples are noted down on daily basis. This process is continued till all the readings
attain constant. (Approximately 3 months)
Anatomical properties
Data on anatomical properties, were collected by two methods.
(1). Macerated material and
(2). Using the microslides.

Macerations: Slivers from radial plane of the specimen is taken in a test tube and cooked in
water till all slivers are settled down/saturated. A pinch of potassium chlorate and 30% Nitric
acid is added and cooked further till the slivers get bleached. The excess acid is removed by
washing with water and the colourless macerated material is shaken till all the wood elements
gets separated. This macerated material is put on slides and observed under the polarised
microscope and quantification of fibre length, fibre diameter, vessel length, vessel diameter
carried out the help of image analysis connected to microscope. Septa of fibre is observed under
microscope. 40-50 individual fibres and vessels were measured for their length and width.
Macerations of 5 species have been done. Data on fibre and vessel dimensions have been
collected from 4 species from macerated material.
Permanent microslides have been prepared as per standard laboratory procedure for 3
species and for one more species is under progress. Data on vessel, fibre and ray, inter vessel
pitting have also been collected from permanent microslides for anatomical characterisation.
Ten to twenty five fields were randomly chosen from these microslides for collecting data on
vessel frequency. Vessels viewed under a grid of 1mm X 1mm are considered for counting for
their frequency.

Progress for II half year ending March 2018.
Sl.No

1.

2.

3.

4.

List
of
activities

project Deliverables
(Performance
indicators)
Purchase of chemicals Chemicals
and
and glasswares, M&S.
glasswares required
for six months will be
procured the year will
be procured
Purchase of Equipment Image analysis system
will be procured and
installed
Survey at sampling sites Locations will be
identified in Mangrove
forests of Sindhudurg
District and collection
of wood samples of 4
species.

Preparation of samples

Progress upto March 2018

Purchased chemicals and
glasswares

Purchase order has been
sent for the procurement of
equipment
Locations at Achra, Tarkarli
of Sindhudurg District have
been identified.
Branchwood sample of
Rhizophora apiculata and
Brugueira
gymnorhyza
from Achra and S.apetala
and A.officinalis
from
Thane were collected during
low tide.
Preparation of wood Samples of size 2*2*6 mm
samples for physical were prepared for density

and
anatomical
properties will be
initiated for newly
collected samples

5.

and
shrinkage
tests.
Macerations were prepared
for collection of data on
anatomical
properties.
Permanent microslides were
prepared for 3 species and
for one more species is
under progress.
Data on fibre and vessel
dimensions have been
collected from 4 species
from macerated material.
Data on vessel, fibre and
ray, inter vessel pitting have
also been collected from
permanent microslides for
anatomical characterisation.

Determination
of Studies of anatomical
physical and anatomical properties, shrinkage
properties.
and density of already
collected
samples
from Thane creek and
Panvel creek and
Dharuvalli village will
be
completed.
Shrinkage and density
of samples collected
from Sindhdurg Dist.
will be initiated.
Submission of second- The report for the half Submitted
six monthly report and year ending March
subsequent work plan 2018
will
be
for one year
submitted, along with
the plan of work and
deliverables for the
subsequent half year.

6.

Results:
The tentative results (from raw data) obtained are as follows. For each species, two or
three different branchwood samples are studied for their properties: (n=50)
Sl.
No

Species

1

Avicennia
marina

2

Sonneratia
apetala

3

Exoecaria
agallocha
Rhizophora
mucronata

4

Sample/ Vessel
element
length
(µm)
1
252
2
233
3
249
1
470
2
455
3
423
1
589
2
563
1
620
2
665
3
645

Vessel
diameter
(µm)

Vessel
Fibre
frequency length
(mm2)
(µm)

Fibre
diameter
(µm)

76
77
103
83
95
107
75
74
90
87
75

30
50
20
38
22
32
17
11
22
18
29

19.79
18.67
21.47
20.61
17.48
22.61
25.17
23.69
25.22
26.06

932
989
1165
933
968
980
994
966
1468
1417
1398

A

C

B

D

Fig.1. showing the images of vessels, included phloem in Transverse section (A), Rays and fibres in
tangential longitudinal section (B) inter vessel pits, simple perforation plates in vessels and ray cells
(C) and fibres and vessels in macerated material (D) in Avicennia marina .

A

B

C

D

Fig. 2 : Sonneratia apetala: Image showing growth ring impression and solitary and radial multiples
of vessel in Transverse section (A), Tangential longitudinal section showing exclusive uniseriate rays,
few partly bi-seriate rays and simple perforation plates of vessels (B). Radial longitudinal section
showing solitary prismatic crystals in ray cells (C) and fibres and vessels in macerated material (D)

A

B

C

D

Fig 3: Excoecaria agallocha: Transverse section showing radial multiples of vessels, diffuse-inaggregate parenchyma (A). Gelatinous fibres as seen in transverse section (B). Macearted material
showing vessels and fibres (C) Radial longitudinal section showing Laticefers/ tanniniferous tubes
and solitary crystals in ray cells (D).

A

B

C

D

Fig. 4: Rhizophora mucronata: Images showing converted samples of wood (A), thick walled fibres
(B), fibres, vessels and scalariform perforation in vessels (C and D) in the macerated material.
.

Specific requirement from other agencies:
Information regarding potential locations of important mangrove spp. as well as permission
for collection of wood samples from main stem portion is required from Mangrove and Marine
Biodiversity Conservation Foundation, Mumbai and Maharashtra Forest Department,
Maharashtra. Need assistance in collection of wood samples from Sindhudurg district.
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Annexure
Plan of Work and Deliverables for the Third half year (March 2018 to September 2018)
for the project titled “Wood anatomical studies of Important mangrove species from
Maharashtra Sea Coast for the identification”, PI: S.Shashikala, Senior Technical
Officer, IWST.
Sl.No

List of project activities

Deliverables
(Performance indicators)

1

Purchase of chemicals and glass M&S required for the work will be
wares, M&S.
procured.

2

Purchase of Equipment

3

4

5

6

Process for procurement of image analysis
system will be completed in the next
quarter.
Collection of samples
Collection of four more species of
mangrove wood samples from Sindhudurg
District depending on the access and
availability of the species.
Preparation of samples
Preparation of wood samples for density,
shrinkage. Macerations and preparation of
micro slides for collecting anatomical
properties will be completed for
Rhizophora apiculata , Brugueira
gymnorhyza and A.officinalis and the same
will be initiated for newly collected
samples.
Study of anatomical properties Vessel, fibre morphology will be studied for
and density.
the samples from macerated material and
Ray morphology, composition, vessel
frequency will be studied with permanent
microslides.
Submission of third- six monthly The report for the half year ending
report and subsequent work plan
September 2018 will be submitted, along
for next 6 months
with the plan of work and deliverables for
the subsequent half year.

