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D esp ite  th e  k n o w n  eco lo g ica l a n d  eco n o m ic  im p o r ta n c e  o f  m a n g ro v e  eco sy s tem s , re s e a rc h  is s till lack ing  
as to  w h a t  e x te n t  local p o p u la tio n s  d e p e n d s  o n  v a rio u s  fo re s t p ro d u c ts , o r  h o w  th is  m ig h t b e  re la te d  to  
th e i r  e co n o m ic  s ta tu s  (i.e. poo r, m id d le  a n d  rich ), age, o r  g e n d e r  (m a le  a n d  fem a le ) re la tio n s . In  th e  
p re s e n t  s tudy , th e  p e rc e n ta g e  o f  p e o p le  d e p e n d in g  o n  su ch  re so u rc e s  in  th e  G a lle -U n aw a tu n a  a re a  (Sri 
Lanka) fo r th e ir  s u b s is te n c e  n e e d s  w as  a ss e ss e d  th ro u g h  a  su rvey . T he  re su lts  in d ic a ted  th a t  local p e o p le  
re ly  o n  m an g ro v e s  to  a  g re a te r  e x te n t  fo r f ish e ry  p ro d u c ts , fu e lw o o d , a n d  e d ib le  p la n ts , th a n  fo r h o u se / 
b o a t c o n s tru c t io n  m a te ria l, m ed ic in a l a n d  o th e r  n o n - t im b e r  fo re s t p ro d u c ts . All p e o p le  u n d e r  th e  poo r, 
m id d le  a n d  rich  ca te g o r ie s  u se  m a n g ro v e  re so u rces , a l th o u g h  g re a te r  d e p e n d e n c y  o f  th e  p o o r  is 
c o m m o n . In re la t io n  to  age, th e  m a n g ro v e  re so u rc e s  u tiliz a tio n  w as h ig h  a m o n g  o ld  (> 6 0  y e a rs) p eo p le . 
A g e n d e re d  d iv is io n  o f  la b o r  in d ic a tin g  th e  m e n  inv o lv ed  in  fis h e ry -re la te d  a c tiv itie s  a n d  w o m e n  in 
e d ib le  p la n t  c o lle c tio n  w a s  o b se rv ed . In  a d d itio n , th e  u se  o f  m a n g ro v e  re so u rc e s  is n o t n ece ssa rily  
p o v e r ty -d r iv e n : p re fe re n c e  a n d  t r a d it io n  a lso  p la y  im p o r ta n t  ro les.

H ow ever, th e  p h y s ica l in f ra s tru c tu re  d e v e lo p m e n ts  (i.e. c o n s tru c t io n  o f  a  c e m e n t factory , d a m  an d  
ro a d )  h av e  h a d  sev e ra l n e g a tiv e  im p a c ts  ra n g in g  fro m  w a te r  q u a lity  d e te r io ra tio n  a n d  d y n a m ic  sh ifts  in 
m a n g ro v e  v e g e ta tio n  to  re d u c ed  fish p ro d u c tio n  in  th e  v ic in ity . G iven  o u r  re su lts , p o ss ib le  a m e n d m e n ts  
to  th e  e x is tin g  ru le s  g o v e rn in g  fo res t c o n se rv a tio n  a re  re c o m m e n d e d  in  o rd e r  to  p ro v id e  lo n g - te rm  
b e n e f its  fo r local liv e lih o o d s as w e ll as  e co sy s tem .

© 2012  E lsev ie r Ltd. All r ig h ts  re se rv ed .

1. Introduction

Mangroves are d istributed all over the (sub) tropical coastlines 
and play a significant role as nursery grounds for fish and biomass 
production, and in the  local livelihoods as well as coastal protection 
(Adeei and Pomeroy, 2001; Primavera e t al., 2004; M umby e t al., 
2004; Dahdouh-Guebas et al., 2005a; FAO, 2007; W alters e t al., 
2008; Feagin e t al., 2010; Bayas e t al., 2011; Satyanarayana e t al., 
2012). However, they  gained renew ed atten tion  after the  incident 
o f Indian Ocean tsunam i (26 D ecember 2004) th a t caused vast
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devastation across Southeast and South-central Asia (Dahdouh- 
Guebas, 2006; Dahdouh-Guebas and Koedam, 2006; Baird, 2006; 
Barbier, 2006, 2008; Alongi, 2008; Osti e t al., 2008; Ellison, 2008). 
In this context, several researchers found th a t there  was less 
destruction  to both  people and property in mangrove areas tha t 
had not previously been degraded (D ahdouh-Guebas e t al., 2005b; 
Roy and Krishnan, 2005; Williams, 2005; Stone, 2006; Chang e t al., 
2006; Quartel e t al., 2007; Tanaka e t al., 2007; Cochard e t al., 2008; 
Sanford, 2009; Teh e t al., 2009; Yanagisawa e t al., 2009).

On the o ther hand, loss of mangroves is substantial in many 
parts o f th e  world due to  lack of aw areness or of perseverance in 
conservation and m anagem ent strategies already im plem ented 
and /or proposed (Farnsworth and Ellison, 1997; Foell e t al., 1999; 
Primavera, 2000; Kovacs, 2000; Armitage, 2002; Dahdouh-Guebas 
e t al., 2 0 0 2 ,2005b; Feagin e t al., 2010). This is not exceptional, since

http://www.elsevier.com/locate/ocecoaman
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mangroves are often located close to  densely populated urban or 
rural settlem ents, w hich ensures constant pressure on these 
ecosystem s (Dahdouh-Guebas e t al., 2002; M oham ed e t al., 2009). 
At th e  sam e tim e, w hen  considering th e  interaction betw een 
hum ans and ecological com ponents (Crona e t al„ 2010), one should 
not underestim ate th e  functions th a t mangrove ecosystem s play in 
local livelihoods (Farnsworth and Ellison, 1997; Armitage, 2002; 
Duke e t al„ 2007; W alters e t al„ 2008; Mangora, 2011). Therefore, 
the inform ation about different trade-offs and priorities should be 
taken into account w ith  the aim  to develop better mangrove 
m anagem ent policies (FAO, 1994; Nickerson, 1999). Data on 
ecological and socio-economic aspects (w hich rem ains unavailable 
or outdated  in m any cases creating a know ledge gap) are indeed 
essential for appropriate planning and conservation of coastal and 
m arine habitats (Bart, 2006; Ban e t al„ 2009; W eeks e t al„ 2010).

In Sri Lanka, several policies and regulations w ere form ulated to 
protect forests and biodiversity (FAO, 1997). After assessing the 
im pacts o f forest cover loss on clim ate and the environm ent, further 
actions have been taken to strengthen the conservation efforts and 
im prove law enforcem ent (De Zoysa, 2001). However, no efforts 
seem  to have been m ade to m onitor and m anage the Galle- 
U naw atuna area, w here conservation policies and regulations are 
not w idely im plem ented. The dynam ic shifts observed in this 
mangrove ecosystem  are due to  considerable hum an encroachm ent 
over the  last 50 years (1956—2004) (e.g. conversion to agricultural 
fields, settlem ents, and construction activities) (Dahdouh-Guebas 
e t al„ 2000a; Dahdouh-Guebas and Koedam, 2002; Dahdouh-

Guebas e t al„ 2005b; Satyanarayana e t al„ 2011). This has raised 
several scientific questions — w hether or not the local households in 
Galle-Unawatuna really need mangrove resources fo r  their subsistence, 
w hether or not the observed ecological changes have had any adverse 
effects on the households that depend on mangroves, and whether or 
not it is important to protect this area finally.

This paper is aim ed a t addressing the above questions, and first 
analyses the  socio-econom ic im portance of Galle-Unawatuna 
mangroves for different categories of people, e.g. in relation to 
age, gender and economic status (§3.2—§3.5 and §4.1—§4.4). Second, 
the im pacts of physical infrastructure developm ent (i.e. the  
construction of a cem ent factory, dam  and road) on mangroves as 
well as on local peoples’ livelihoods w ere assessed (§4.5). Finally, 
after evaluating both  th e  im portance of mangrove resources and 
the im pacts o f such developm ents in this area, w e tu rn  to 
a discussion of the need for a be tter mangrove conservation policy, 
w ith  possible changes in th e  existing rules (§4.6).

2. Material and m ethods

2.1. Study area

The Galle-Unawatuna m angroves (~ 1 .5  km 2) (06°01'N and 
80°14'E) are located in the w et climatic zone of Sri Lanka (Fig. 1 ). It 
is generally hot and humid, w ith  an average annual tem peratu re  of 
21.1—32.2 °C, and intense rainfall betw een May and November 
(Ashton e t al., 1997). The m angroves are represented  by Rhizophora
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Fig. 1. (a) Location of Sri Lanka, (b) Galle-Unawatuna on the south coast of Sri Lanka (2004 IKONOS multispectral satellite image) and, (c) the study area of Galle-Unawatuna (2004 
IKONOS panchromatic image) showing mangroves (in dark toned area) and the 95 households interviewed in the 8 villages adjacent to the mangroves (black symbols).
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apiculata BL., Rhizophora mucronata Lamk., Bruguiera gymnorrhiza 
(L.) Lamk., Bruguiera cylindrica (L.) Blume, Excoecaria agallocha L., 
and Sonneratia caseolaris (L.) Engler. The areas dom inated by these 
‘strict’ or ‘tru e ’ mangrove species (cf. Tomlinson, 1986), w ith  their 
fidelity to  th e  ecotone influenced by tides, are generally referred to 
as ‘core’ mangrove zones (Kathiresan and Bingham, 2001 ) and, in 
m ost cases, the ir degradation is associated w ith  hum an activities 
(Singh e t al., 2010). According to Sri Lanka’s D epartm ent of Forest 
Conservation, the Galle-Unawatuna area falls under th e  category of 
‘state forests’ w here no activities, except for traditional fishing for 
local hum an consum ption, are legally perm itted  (DWC, 2009).

2.2. Sampling

Sampling (July—October, 2004) w as carried ou t using a sem i­
structured  questionnaire (Appendix A), based on sim ple random  
sam ple (SRS) design (Poate and Daplyn, 1993). The head of ninety- 
five households living in eight villages (Attharagoda, Battaduwa, 
Dewata, Kaduruduwa, Kalahe, Katugoda, Nugaduwa and Unawa- 
tuna) adjacent to the mangroves of Galle-Unawatuna in Galle 
District w ere interview ed (Fig. 1). The sam ple size represented 
seven percent of the total (1394) num ber o f households and five 
percent of the total (10,198) population in th e  villages (DCS, 2003).

The mangrove resources utilization was assessed by the 
percentage o f people w ho responded positively (during th e  ques­
tionnaire survey), and depend on Galle-Unawatuna area for their 
livelihoods.

Factors such as age, gender (m ale or female), religion, education 
and economic status (poor, m iddle o r rich), o f the interviewed people 
w ere also considered. The ‘poor’, ‘m iddle’ and ‘rich’ categories are 
defined by house construction m aterial (i.e. clay, wood or cem ent 
used for building walls) and certain assets (e.g. m otorized vehicle, 
telephone, television, refrigerator, etc.) to w hich the households have 
access (cf. Ellis, 2000). The ‘age’ and ‘gender’ have been highlighted to 
establish the relationship betw een mangrove resources use w ith 
respect to local people’s age, and to identify m ale/female involve­
m ent in natural resources collection, respectively. W hen discussing 
trends in mangrove resources and their use, the term s ‘past’ and 
‘present’ w ere used by the interview er to ask people’s perception of 
time. However, since keeping track of tim e w as difficult for some 
respondents and the term  ‘past’ was relative, w e interpreted the 
results w ith  caution and using back-up form secondary data. The 
secondary data w e used w ere published papers, Dahdouh-Guebas 
e t al. (2000a, 2005a, 2010), Satyanarayana e t al. (2011 ).

2.3. Timber and non-timber forest products from  mangroves

The head of households w ere interview ed about their use of 
mangroves as construction m aterial (for making boats or houses, 
fishing stakes, etc.), fuelwood, m edicinal and edible plants, and 
about o ther non-tim ber forest products (masks, hats, and orna­
ments). In th e  case of fuelwood, questions w ere asked about their 
preferences for mangrove w ood (including for personal use and for 
sales), in contrast to wood from non-m angrove trees and/or non- 
w oody resources such as gas and kerosene. In addition to the 
data  obtained from questionnaires, o ther m ethods w ere used, such 
as personal observation (to verify in th e  field), free listing (to 
determ ine the mangrove species used for fuelwood), p lant identi­
fication (to cross-check species identity  com paring local people’s 
knowledge, vernacular names, and scientific literature), and 
m apping (to distinguish th e  areas of exploitation) (cf. Cotton, 1996). 
The sam e m ethods w ere used to identify the role of mangroves as 
suppliers o f edible plants (w ith  em phasis on its uses, collection, 
selling practices, and people’s preferences), together w ith  reasons 
for decreased consum ption over time.

2.4. Fish resources from  mangroves

Apart from the  interviews, w e also paid atten tion  to local 
observations and personal eyew itness accounts of fishery-related 
activities in th e  area. People w ere found to  be relatively m ore 
involved in mangrove fisheries com pared w ith  fuelwood and/or 
edible p lant collection.

2.5. Physical infrastructure development and the perceptions o f 
their consequences

The cem ent factory, dam  and road constructions in the vicinity 
(Fig. 1 ) have presum ably exerted substantial pressure on the Galle- 
U nawatuna mangrove ecosystem. The Ruhunu cem ent factory was 
constructed in th e  neighborhood o f the mangrove in 1967, and has 
been under th e  m anagem ent o f Holcim (Lanka) Ltd. since 1999. It is 
intended th a t the factory will deliver m axim um  production (around 
one million tons per year) in such a w ay tha t it conforms to inter­
national standards and is sustainable (U. Gamage, Manager Galle 
Operations, personal communication). Both the dam  (across the 
River Galu Ganga) and road (providing access to dam  through the 
m iddle of the mangroves) w ere built by th e  Dept, of Irrigation (1985) 
to prevent paddy fields from being flooded by seaw ater intrusion in 
an  area slightly upstream  of the mangroves. The dam  gates are 
supposed to open in accordance w ith  the level of w ater in th e  stream s 
(Kumara Ranasingha, District Irrigation Engineer, Galle, personal 
comm unication). It is w orth  m entioning th a t neither th e  mangroves 
nor the villages w here this study w as conducted w ere affected on the 
long-term  by th e  Indian Ocean tsunam i (Dahdouh-Guebas e t al., 
2005b): in February 2006, th e  dam  and the road appeared like 
before and also th e  cem ent factory was operational (personal 
observation). Tsunami w itness accounts indicated th a t the mangrove 
forest had protected lives and properties located behind the vege­
tation  (Y.L. Michael Vijedasa, personal communication).

Local people’s opinion about the changes th a t they  observed and 
experienced in this environm ent w ere collected via interviews (i.e. 
open questions evoking qualitative responses) (Appendix A). Then, 
in addition to  th e  irrigation and cem ent factory authorities cited 
above, o ther stakeholders i.e. Forestry D epartm ent officials and 
scientists working in this area, w ere consulted to have the ir opin­
ions about the im portance of the mangroves for household 
subsistence, to assess the changes in this mangrove ecosystem  due 
to physical infrastructure developm ents, and to im prove conser­
vation policy in relation to  local peoples’ livelihoods.

2.6. Data analysis

Inform ation obtained during th e  survey was en tered  into SPSS 
V.13 to produce th e  frequency tables and clustered colum n charts. 
The results w ere also processed using Bayesian statistics (i.e. prior, 
likelihood and posterior probability) w ith  “LearnBayes” package of 
R software v. 2.15.1 (R Developm ent Core Team, 2011) to  observe 
the statistical significance of respondents (in relation to age, m ode 
of resources collection, etc.) versus mangrove use. In this context, 
possible predictions on the num ber o f mangrove users and their 
utilization patterns w ere expressed by th e  Bayesian posterior 
probability. Chi-square (x2) was used to test the statistical differ­
ence betw een tw o datasets (e.g. past and present).

3. Results

3.1. Demographic information

Among the interview ed population, m ost people are Buddhist 
(79%) and m any houses are headed by males (89%) (female headed
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households: 11%). Also, m ore than  half o f those interview ed had 
com pleted either senior secondary school (Grade 11) or college 
education (Grade 13).

3.2. Observations about mangrove forest product use

The present study indicated th a t 66% of the interviewed 
households in Galle-Unawatuna area w ere using mangrove 
resources a t the tim e of th e  study, w hereas seven households 
(about 10%) had stopped (Table 1). However, th e  Bayesian (poste­
rior) probability is indicating a chance for m ore resource users (up 
to 73%) in the near future. Fig. 2 shows th e  household’s percentage 
of dependence on various forest products in th e  past and in the 
present. People often m entioned m ore change in the ir use of 
mangrove fuelwood, edible plants, and fish products com pared 
w ith  the use o f construction m aterial, m edicinal and o ther non­
tim ber forest products. A decrease of 40—60% in the fuelwood 
and m edicinal use categories w as recorded com pared to 0 —16% in 
o ther categories (x2 =  2.22; d.f. =  1; n.s.) (Fig. 2).

People obtained mangrove resources through purchase, 
personal collection, or both (Table 2). The num ber of people 
purchasing m angrove products w as considerably higher (52%) than  
the num ber collecting and, am ong the  30 households obtaining 
mangrove resources partly  or totally through collection (Table 2), 
only seven w ere selling such goods on the local m arket. If th e  usage 
of mangroves is com pared w ith  age o f th e  respondents, higher 
utilization was found am ong the old people (Table 3). The Bayesian 
probability shows th a t current mangrove usage m ay increase in 
60—69 years age class (from 64 to 81%), and decrease in >70 years 
age class (from 92 to 86%). The households w ith  60 years and above 
aged people indicated th a t they  purchase mangrove products, 
w hereas o thers (i.e. people aged betw een 20 and 49 years) w ere 
involved in both  collection as well as purchase.

In th e  case of econom ic status, m ost of th e  population (80%) 
could be considered as m iddle class (houses m ade of clay/wood 
w ith  lim ited facilities), followed by the rich (11%) (houses m ade of 
cem ent and w ith  good facilities), and the  poor (9%) (houses m ade of 
clay/wood w ith  no facilities), respectively. All people under these 
th ree categories used m angrove resources a t the tim e of th e  study, 
although th e  poor are m ore dependen t (Table 4). On the o ther hand, 
mangrove resource use w as rem arkable am ong the rich people, 
w ho purchased, ra ther than  collected, mangrove products (Table 5).

3.3. Mangrove fuelwood

Following the trend  in mangrove fuelwood usage (Fig. 2), a large 
part of the interview ed households (84%) are still dependen t (in 
partly  o r fully) on clay-firing kilns (wood stove) for cooking, 
w hereas few (12%) got o ther options th a t w ork w ith  kerosene or 
gas (Table 6). Although they  show ed 9 locations for th e  collection of 
mangrove fuelwood in Galle-Unawatuna (sites A, C—J in Fig. 3), not 
m any signs o f fuelwood collection w ere w itnessed in those places 
during the  period of study. However, som e occurrences like the 
cutting of a large mangrove tree (a t site K in Fig. 3), and collection of

Table 1
The 'past' and 'present' users of the mangrove resources in Galle-Unawatuna area 
(n =  95).

Past Present Change

No. of 
respondents

% No. of 
respondents

% No. of 
respondents

%

Yes 70 74 63 66 7 10
No 25 26 32 34 7 28
Total 95 100 95 100 7 7

I Past 
H  Present

Fuel Construction Non-timber Medicinal Edible Fish
wood material products use  p lants products

Fig. 2. Changes in the utilization of various mangrove resources in the vicinity of 
Galle-Unawatuna. We emphasize the existence of the change more than the period of 
time in which the change took place (see methodology).

coconut leaves (Cocos nucífera L.) (at site L in Fig. 3) w ere observed. 
Many households (~71% ) obtain mangrove fuelwood by cutting 
the trees and shrubs, w hereas the rest stated they  collect tw igs and 
branches on th e  ground.

The respondents have m entioned 8 species nam es for their 
fuelwood collection, and a tree  called kadol (in Sri Lankan’s Sinhala 
language) (that corresponds to R. apiculata) was frequently cited. 
Regular collection of mangrove roots from th is species was also 
observed in the sam e area during o ther season (Fig. 4A). The use of 
o ther mangrove (e.g. B. gymnorrhiza, E. agallocha, R. mucronata and 
S. caseolaris), and non-m angrove species (e.g. Cerbera odollam 
Gaertn., Dolichandrone spathacea (L.f.) K. Schumann, and Thespesia 
populnea (L.) Soland. ex.Corr.) for fulewood was m entioned (Table 7).

3.4. Edible mangrove plants

The collection of edible mangrove plants is one of the im portant 
uses in Galle-Unawatuna area (Fig. 2). Tender leaves o f Acrostichum 
aureum L. (vernacular nam e: Karen) are used for making a typical 
vegetable curry, and the ripened fruits of Sonneratia caseolaris 
(vernacular nam e: Kirilla) in beverages (Table 8) (Fig. 4B). 
Throughout time, about half of the interview ed households (51 — 
54%) are purchasing these edible plants (Fig. 4C). As per the 
Bayesian statistics, this purchasing trend  m ay increase (up to 66%) 
in the near future. Although the respondents m entioned 10 loca­
tions for the collection of edible plants (sites A—J in Fig. 3), only few 
observations of A. aureum  collection and sales (in small local shops) 
w ere made. W hile the associated mangrove — A. aureum  is found 
w idely in the forest, S. caseolaris had a restricted d istribution and 
low er abundance.

3.5. Mangrove fishery resources

The fishing activities w ere observed all along the Thalpe Ela and 
Galu Ganga Rivers in Galle-Unawatuna, w ith  a preference close to 
the dam  (Fig. 1). The fish (e.g. species belonging to Eleteropneustes, 
Mugil, Mystus, Terapon, Tilapia, etc.), crabs (e.g. Portunus and Scylla

Table 2
Mangrove resources collection in Galle-Unawatuna area (n =  63).

Frequency %

Purchase 33 52
Personal collection 10 16
Purchase and personal collection 20 32
Total 63 100
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Table 3
Mangrove users related to age classes in Galle-Unawatuna area (n =  95).

Age class Mangrove resources utilization

Yes No Total

Frequency % Frequency % Frequency %

20—29 years 7 58 5 42 12 100
30—39 years 12 57 9 43 21 100
40—49 years 15 56 12 44 27 100
5 0 -5 9  years3 - - - - - -
60—69 years 7 64 4 36 11 100
> 70  years 22 92 2 8 24 100
Total 63 66 32 34 95 100

a No respondents w ith the age class: 50—59 during the interviews.

spp.), shrim ps (e.g. Metapenaeus and Penaeus spp.), and edible 
bivalves (e.g. Saccostrea and Polymesoda spp.) are caught on small 
scales (using fishing-lines, dip-nets, cast nets, fishing traps, etc.), 
and sold on th e  local m arket or streets (Fig. 4D). Most households 
reported  fish, shrim ps, crabs and bivalves (in o rder of preference) 
obtained from th is mangrove environm ent (Table 9).

4. D iscussion

4.1. Mangrove resources and their utilization

Though the im portance of mangrove ecosystem s for hum an 
subsistence has been reported  before (Rönnbäck, 1999; Saenger, 
2002; W alters, 2003; W attage and Mardle, 2005; FAO, 2007; 
Nagelkerken e t al., 2008; W alters e t al., 2008), research on the 
ex ten t on w hich th e  livelihoods of different users depend on certain 
resources (based on their econom ic status, age and gender differ­
ences) is still lacking. Answering to our first scientific question — 
w hether or no t the households in Galle-Unawatuna really need 
mangrove resources fo r  their subsistence (see Section 1), th e  present 
study docum ents the im portance of mangroves (along w ith  its 
substantial com m ercial value) for local people on the basis o f their 
dependence (66% of th e  households) (Table 1) as w ell as involve­
m en t (84% of the  households) in purchase and personal collection 
o f the available resources (Table 2).

The use of w ild (forest) resources by age class is also helpful for 
making predictions on their future utilization (Ladio and Lozada, 
2001, 2004; Howard, 2003; Piero ni, 2003). In view  of the  higher 
mangrove usage by old people (Table 3) as well as our predictions 
on their future utilization, there  is a possibility for continued 
exploitation in the Galle-Unawatuna area. In addition, w e corrob­
orated th a t all people irrespective of the ir econom ic status (i.e. 
poor, m iddle and rich) use w ild resources, bu t reliance is know n to 
be considerably high am ong the poor (Overm an and Demmer, 
1999; Howard, 2003). Besides the higher exploitation and use by 
poor households (Table 4), rem arkable utilization of mangrove 
resources by the rich people (60%) is also in agreem ent w ith  o ther

Table 4
Mangrove users in relation to their econom ic status in Galle-Unawatuna area 
(n =  95).

Economic status Mangrove resources utilization

Yes No Total

Frequency % Frequency % Frequency %

Poor 9 100 0 0 9 100
Middle 48 63 28 37 76 100
Rich 6 60 4 40 10 100
Total 63 66 32 34 95 100

researches elsew here (Ellis, 2000; Takasaki e t al., 2001; Gammage 
e t al., 2002; Daniggelis, 2003; Ertug, 2003). The hypothesis th a t 
poor households are m ostly involved in forest resources collection, 
w hile the richer ones often buy them  (Ellis, 2000), is also true  in the 
case of mangroves.

In addition to econom ic status and age criteria, the involvem ent 
of people in natural resources collection also differs betw een m en 
and w om en (Howard, 2003). However, not m any studies w ere 
focused on these divisions in th e  mangrove resources exploitation, 
only w ith  som e exceptions in fishery related activities (M agalhaes 
e t al., 2007). This gender-disaggregate inform ation is also crucial 
for determ ining the im portance of mangroves for local populations. 
W hile m en are usually involved in household incom e generation, 
the w om en play an im portant role in household subsistence 
collection or food preparation (Feka e t al., 2011). Moreover, the 
female subsistence uses w ere often overlooked in research th e re ­
fore creating bias in the assessm ent of the im portance of natural 
resources (Ellis, 2000; Daniggelis, 2003; Howard, 2003; Price, 
2003; Turner, 2003). W ithin th e  30 households th a t collect 
mangrove resources in this study (Table 2), a gendered division of 
labor was noticed in w hich the m en (37%) are involved m ostly in 
fishery-related activities and w om en (43%) in edible p lant collec­
tion. It has been stated  th a t in m any societies th e  exploitation and 
use of w ild resources (e.g. fuelwood, edible/m edicinal plants, nuts 
and seeds, etc.) belongs to th e  w om en’s dom ain (Ellis, 2000; 
Howard, 2003; Price, 2003).

Yet, th e  decreasing trend  of mangrove resources usage (betw een 
past and present) in Galle-Unawatuna area is o f great concern. This 
was further analyzed by m eans of th ree household groups i.e. the 
respondents w ho never used mangrove resources before, the 
respondents w ho stopped using them  currently, and th e  respon­
den ts still using mangrove resources, bu t less than  before. The re­
ported reasons for never using mangroves w as the large 
destruction  already caused by local people, w hereas the  d is­
continued and /o r reduced use is due to im posed rules and prohi­
bition, econom ic deficit, age and health-related  factors, recent 
advancem ents (e.g. construction activities) and pollution, avail­
ability of o ther resources (e.g. kerosene, gas, etc.), and also changed 
occupation and feeding habits o f the young generation.

4.2. Mangrove fuelwood

Among th e  coastal com m unities, mangrove fuelwood is one of 
the major extractable uses (D ahdouh-Guebas e t al., 2000b; Glaser, 
2003; W alters, 2005; Lopez-Hoffman e t al., 2006; Rönnbäck e t al., 
2007; W alters e t al., 2008), bu t it is also a m ajor th rea t (along 
w ith  tim ber) for the mangroves in Asia and Africa (H ernández- 
Cornejo e t al., 2005). However, to  judge th e  consequences of fuel­
w ood collection and to m ake appropriate conservation policy, basic 
inform ation such as im portance of this activity for local people, 
different wood harvesting practices, the mangrove species affected, 
etc., should be know n (Feka e t al., 2011).

In the Galle-Unawatuna area, m any of the fuelwood users (82%) 
(Table 6) have declared the ir preference for mangrove w ood due to 
its burning efficiency, and b e tte r taste and flavor w hen cooking. 
This could validate the assum ption th a t mangrove use here m ay not 
be totally poverty-driven bu t ra ther based on preference and 
tradition. Similar results w ere reported  from India, w here govern­
m en t alternatives to mangrove fuelwood w ere rejected by the  local 
fisherfolks (Dahdouh-Guebas e t al., 2006). Principle reasons behind 
th e  reduced usage of mangrove fuelwood these days consist of 
im posed rules/prohibition and the age-related factors. The majority 
of the respondents (w ho used to collect mangrove fuelwood in the 
past i.e. 82% of the interview ed households) claim ed th a t they  can 
also collect fuelwood in their ow n gardens or buy from the nearby
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Table 5
Mangrove resources collection based on the people's economic status in Galle-Unawatuna area (n =  63).

Economic status Mangrove resources collection

Purchase Personal collection Purchase/personal collection Total

Frequency % Frequency % Frequency % Frequency %

Poor 3 33 4 44 2 22 9 ÏÖÖ
Middle 24 50 6 12.5 18 37.5 48 100
Rich 6 100 0 0 0 0 6 100
Total 33 10 -  20 63

shops, w hereas others stated th a t th e  shopkeepers are now  selling 
m ostly non-m angrove w ood (due to th e  im posed ban). Regardless 
of problem s in obtaining the  mangrove fuelwood, m any have 
show n their affinity to use it instead of kerosene and /or gas w hich 
are expensive.

Jayatissa e t al. (2002) identified 20 mangrove species and 18 
comm on mangrove associates along the south-w estern coast of Sri 
Lanka. From the discussions w ith respondents, it was learnt that the 
most abundant tree in the mangroves is R. apiculata or kadol, and the 
vernacular names sirikanda, thelakiriya and ela kadol correspond (after 
taxonomic identification) to B. gymnorrhiza, E. agallocha and 
R. mucronata, respectively (Table 7). The dense and hard nature of 
mangrove wood (with rich tannins) (e.g. Rhizophora spp.) is also 
known popularly for making charcoal or consuming directly as fire­
wood (Walters, 2005; Dahdouh-Guebas et al., 2006; Walters e t al., 
2008). In contrast, the information on mangrove fuelwood trade in 
this area is still suspicious since there is a lack of eye-witness accounts, 
disabling us from concluding w hether the goods observed originated 
from this mangrove location (i.e. Galle-Unawatuna) or a nearby area. 
However, “nearby” areas are located at least 10 km away.

4.3. Edible mangrove plants

W ild food plants are not only used by hunting  societies, bu t 
also by agricultural societies because of the ir rich contribu tion  to 
culinary and  cultural diversity  as w ell as for food security  and 
nu trition  (Cotton, 1996; Price, 2003). In the G alle-U naw atuna area, 
th e  reason for cooking the  ten d e r leaves o f A. aureum  is th a t they  
believe it is healthy, natural (no chem icals and fertilizers 
involved), enjoyable (it gives coolness to body during sum m er) 
and nutritious; w hereas th e  beverage prepared from S. caseolaris 
is healthy  as w ell as tasty. Jayatissa e t al. (2006) developed a novel 
m ethod  for using th e  pulp of S. caseolaris in m aking fruit drink  and 
ice cream s th a t has been  paten ted  in Sri Lanka. However, due to 
technical difficulties, th e  com m ercialized (in collaboration w ith  
Small Fishers Federation of Lanka - SFFL) product o f S. caseolaris 
ju ice (Fig. 4B) is tem porarily  unavailable in th e  local m arkets (L.P. 
Jayatissa, personal com m unication). The non-com m ercialized 
version, however, rem ains available and is p repared  by o rder at 
th e  U niversity o f Ruhuna (pers. obs.).

Table 6
Mode of cooking by the households in Galle-Unawatuna area (n =  95).

Availability of 
o ther stoves 
for cooking

Cooking on  w ood stoves (clay-firing kilns)

Yes No Total

Frequency % Frequency % Frequency %

Yes 21 22 11 12 32 33
No 59 62 4 4 64 67
Total 80 84 15 16 95 100

4.4. Mangrove fishery resources

The mangrove ecosystem s have been proved im portant in 
serving food and shelter for several fin and shellfish com m unities 
(Adeei and Pomeroy, 2001; Primavera e t al., 2004; Crona and 
Rönnbäck, 2005; Dahdouh-Guebas e t al., 2006; FAO, 2007; 
Dahdouh-Guebas and Koedam, 2008; W alters e t al., 2008; Cannicci 
e t al., 2008 ; Mwandya e t al., 2009). In Galle-Unawatuna area, m ost of 
the interview ed households (about 76%) are purchasing fishery 
products (i.e. fish, crabs, shrim ps and bivalves) in connection w ith 
their b e tte r econom ic status represented  by rich (11%) and m iddle 
(80%), than  th e  poor (9%). The recent survey on household income

Road

G alu G anga

Thai pe e la

C em ent factory

P a n s h a r p e n e d  IK O N O S im a g e : 20  F eb  2004 

6a01’35”

Fig. 3. Visual observation on different landmarks in and around Galle-Unawatuna, and 
the areas for fuelwood and edible plants collection shown by respondents during the 
household interviews. Landmarks: 1. main road from Galle to Akuressa, 2. road from 
Attharagoda to the main road, 3. point w here the road from Kaduruduwa to the 
mangroves meeting the river, 4. direction to Kaduruduwa, 5. fishermen houses, 6. 
bridge to Kaduruduwa, 7. bend in the road from the dam to Kaduruduwa, 8. direction 
to Dewata, 9. Moya, 10. cem ent factory junction, 11. Attharagoda junction, 12. direction 
to Yatagama, 13. seaside of the Unawatuna bridge, 14. Unawatuna bridge and, 15. 
riverside of the Unawatuna bridge. Areas of exploitation: A, C—J. edible plant and 
fuelwood collection, B. edible plant collection, K. visual observation of a big tree felled 
and, L. visual observation of a man collecting coconut leaves.
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Fig. 4. (A) Photograph showing Rhizophora apiculata trees from which the prop roots have been cut for fuelwood collection; (B) bottled drink prepared from the pulp of Sonneratia 
caseolaris; (C) sale of S. caseolaris fruits in the local market; (D) the fin and shellfish products obtained from mangrove areas for sale in the local market (the photographs B and C are 
adopted from Jayatissa e t a l, 2006).

and expenditure in Sri Lanka (DCS, 2011) also indicated 7.9% 
households as poor (households w ith  no facilities: 9.1%) in the entire 
(Galle) district. At the sam e tim e, m any people point to  lim estone 
excavation, and dom estic and industrial sewage, including w aste 
from the  illegal arrack (i.e. local liquor) distillers inside the 
mangroves, as a cause for their decreased consum ption over the 
years (overall decrease constitutes 16—19%) (Table 9) (Fig. 2).

Table 7
Mangrove and non-m angrove species used for fuelwood collection in Galle- 
Unawatuna area.

Vernacular 
nam e(s) in 
Sinhala

Vernacular 
nam e(s) in 
English

Scientific
nam e

Mangrove/
non-m angrove

No. of tim es 
m entioned by 
respondents

Sirikanda Large-leafed Bruguiera Ma 3
orange gymnorrhiza
mangrove

Thelakiriya Blind-your-eye Excoecaria Ma 9
mangrove agallocha

Kadol Red mangrove Rhizophora Ma 15
apiculata

Ela kadol Asiatic Rhizophora Ma 5
mangrove mucronata

Kirilla Mangrove Sonneratia Ma 1
apple caseolaris

Gon kaduru Sea mango Certera M-Ab 1
odollam

Diya danga Mangrove Dolichandrone M-Ab 1
trum pet-tree spathacea

Suriya Tulip tree Thespesia M-Ab 1
populnea

a Mangrove. 
b Mangrove associate.

4.5. Physical infrastructure developments and their impact on 
mangroves and mangrove dependent households

Local people generally will observe changes in the ecosystem  
w here they  live if this results in an increase o r decrease production 
of resources (W ard e t al., 2000). In Galle-Unawatuna area, many 
respondents observed ecological changes in relation to the  cem ent 
factory, dam  and road, and m ore than  half of th e  respondents w ere 
concerned about the decreased fish in mangrove w ater channels 
due to these factors (Fig. 5). They referred to  im proper exchange of 
sea and freshw ater (w hich is know n to affect fish m igration and 
breeding in scientific literature) because of dam  and road 
constructions (cf. Dahdouh-Guebas e t al., 2010), and to  the cem ent 
factory’s air pollution (affecting m angrove and coconut vegetation) 
and w ater pollution (m ass m ortality  o f fish w ith  th e  release of 
sewage). In contrast, som e have indicated low or nil pollution due

Table 8
List of mangrove 
Unawatuna area.

and non-m angrove species used as edible plants in Galle-

Vernacular Scientific Mangrove/ Frequency %
nam e nam e non-m angrove

Kirilla Sonneratia Ma 10 21.0
caseolaris

Karen Acrostichum M-Ab 19 39.5
aureum

Both 19 39.5
Total 48 100.0

a Mangrove. 
b Mangrove associate.
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Table 9
Mangrove fish products consum ption in the past (n =  55) and p resen t (n =  61) 
tim ings a t Galle-Unawatuna area.

Preferred 
mangrove 
fish product

Past Present Change

Frequency % Frequency % Frequency %

Fish 52 94 42 90.5 - 1 0 - 1 9
Shrimp 46 84 38 83.0 - 8 -1 7
Crab 37 67 31 67.0 - 6 - 1 6
Bivalves 29 53 21 52.0 - 5 -1 7

to a halt reported  in th e  cem ent production recently. This was 
how ever not supported by our in situ observation. Overall, the 
above observed im pacts o f the th ree infrastructure developm ents 
answ ered our next scientific question — w hether or not the ecolog­
ical changes have had any adverse effects on the households that 
depend on mangroves (see Section 1), appropriately. On th e  o ther 
hand, som e respondents m entioned few m erits such as prevention 
of saltw ater intrusion into paddy fields, be tter access to mangroves, 
etc., in relation to th e  th ree infrastructure developm ents (Fig. 5).

Also from the scientific point of view, these th ree physical 
infrastructure developm ents w ere considered responsible for 
mangrove degradation (Dahdouh-Guebas e t al., 2000a, 2002; 
Dahdouh-Guebas and Koedam, 2002; Dahdouh-Guebas e t al., 
2005b, 2010). Both the dam  and the road have already caused 
drastic changes in physico-chem ical conditions o f th e  w ater and 
ultim ately mangrove species’ d istribution (Verheyden e t al., 2002; 
Dahdouh-Guebas e t al., 2005b). Dahdouh-Guebas e t al. (2000a) 
reported  m ajor dynam ic shifts in this mangrove forest (betw een 
1956 and 1994), w here som e species have lost their grounds in 
benefit of others and vice versa, describing the pattern  of this

(m angrove) distribution as ‘moving m osaic’ characterized by an 
irregular topography. This was further supported by Satyanarayana 
e t al. (2011 ) w ith  their findings betw een  1994 and 2004 using very 
high resolution rem ote sensing and very high resolution ground- 
tru th  data. Because of the cem ent dust, reduced photosynthetic 
efficiency in mangroves w as previously reported  by Dahdouh- 
Guebas e t al. (2000a). Most recently, Dahdouh-Guebas e t al. 
(2010) also m ade sim ulations of the hydrological conditions tha t 
influence mangrove propagule predation and dispersion before and 
after th e  construction o f dam  and road across th e  mangroves in 
Galle-Unawatuna area. However, the stakeholders (i.e. Irrigation 
D epartm ent and Ruhunu cem ent factory authorities) w ho are 
responsible for the functioning of these th ree infrastructures w ere 
not aw are of any ecological changes o r consequences being re­
ported. The present results are also in agreem ent w ith  th e  literature 
reporting th a t different people have different perspectives on the 
environm ental changes and assum ed causes (as a result of their 
ow n interests) (Cotton, 1996; Gammage e t al., 2002; Lee and Zhang, 
2004; H ernández-Cornejo e t al., 2005). The sam e reason is also 
valid for possible know ledge-gaps betw een  th e  stakeholders w hen 
a scientific data o r relevant inform ation was transm itted  from one 
to ano ther (Oba and Kotile, 2001; Gammage e t al., 2002; Lee and 
Zhang, 2004).

4.6. Mangrove conservation and management

A lack o f accurate inform ation on the  part o f forest m anagers 
and policy m akers, together w ith  th e  fact th a t these  environm ents 
have often  been  classified as w astelands, explains poor m angrove 
m anagem ent in m any developing countries (Adeei and Pomeroy, 
2001; G ammage e t al., 2002; Lynagh and Urich, 2002). In Sri
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Fig. 5 . The local people’s perceptions on ecosystem changes in Galle-Unawatuna area in relation to the three major physical infrastructure developments.
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Lanka, th e  Forest D epartm ent (FD) and the  D epartm ent of W ildlife 
Conservation (DWC) are responsible for protection  and  m anage­
m en t o f the  forests (FAO, 2009). In th e  case of mangroves, 
a National M angrove Com m ittee (NMC) w as also established in 
1990 to adm in ister these  w etlands on th e  w est and southern  
coasts. Besides th e  trad itional fishing allow ed in m angrove areas 
sim ilar to  Galle-Unawatuna, no person shall fell, Iop, tap, burn  or 
dam age or destroy  any plant, o r collect o r rem ove any plant, or 
m ake any fresh clearings (DWC, 2009). In addition, prioritized 
participatory  approaches (e.g. absorbing local com m unities into 
planning, decision m aking and im plem entation  of forestry activ­
ities), ecotourism  developm ent, decentralization  of adm in istra­
tive and  technical activities, are som e of th e  recent m easures 
proposed for m angrove conservation and m anagem ent in Sri 
Lanka (FAO, 2009).

Although Sri Lanka has a strong traditional background in forest 
conservation (De Zoysa, 2001), th e  loss o f mangroves is still visible 
(Karunathilake, 2003). The mangrove m anagem ent strategies in 
Galle-Unawatuna area appeared to be ineffective (along w ith  w eak 
enforcem ent) and deserve adequate scientific direction. Viewing 
th e  im portance of mangrove resources for local peoples’ liveli­
hoods, it is now  possible to  recom m end th e  authorities for neces­
sary am endm ents in th e  (existing) forest conservation rules, i.e. 
perm itting sustainable resource utilization (cf. Lacerda, 2002) 
rather than  im posing a com plete ban in this ecosystem. The 
consistent and unam biguous rules should be transparently  
com m unicated to all groups of the stakeholders th a t have any 
in terest in this area. In addition, periodic opening of the dam  gate 
(taking into account the  w ater level, land elevation and extent of 
inundation, fin and shellfish m igration and breeding seasons 
characteristic to this area, etc.) is also advisable to keep this 
vulnerable habitat alive. At the sam e time, both m en and w om en 
engaged in fishery, wood harvesting and edible p lant collection 
needs to follow the (sustainable) conservation policy/regulations 
inform ed by the local irrigation and forest departm ents. Not only 
on the basis of our scientific observations, bu t also to allow  future 
generations to enjoy th e  benefits of this ecosystem, th e  mangroves 
a t Galle-Unawatuna should be protected. This is indeed an answ er 
to  th e  last scientific question — w hether or not it is im portant to 
protect this area (see Section 1).

5. Conclusions and recom m endations

The im portance of m angroves near th e  G alle-U naw atuna area 
is clear th rough  high use percentages o f fuelwood, edible plants, 
and fishery products, am ong th e  surveyed population. Of these 
th ree  salient use categories, th e  local people depend  on fishery 
resources and  edible p lants to  a g reater ex ten t (73—76%) th an  on 
fuelwood collection (35%) due to th e ir b e tte r econom ic situation. 
The reasons th a t respondents have indicated for using m angrove 
resources are de term ined  largely by th e ir preference, and  to 
a lesser extent, by lack of econom ic m eans. However, the 
decreased utilization  of m angrove resources over th e  years (i.e. 
40—60% in fuelwood, m edicinal use and, 0 —16% in edible plants, 
fishery products, construction  m aterial) w as explained by several 
in ternal and external factors such as im posed rules and prohibi­
tion, developm ental activities accom panied by destruction  and 
pollution, econom ic deficit, aging, changed occupation and 
feeding habits of the  young generation. O ther possible reasons for 
no t observing fuelw ood and /o r edible p lan t collection in situ 
(during th e  period of study) m ay be related  to th e  phenology of 
th e  species used, or th e  observed goods m ay have com e from 
o th er m angrove areas, o r people m ay have been  hiding the ir 
collection activity inside th e  m angroves. The th ree  m ajor physical 
infrastructure developm ents i.e. cem ent factory, dam  and road

have not only started  show ing th e ir negative im pacts in the 
ecosystem  in term s of w ater quality  deterioration , dynam ic 
changes in th e  m angrove vegeta tion  to biological productivity, bu t 
people also experience and report th is as negative. Priority should 
be given to  the  people depending  on th e  m angrove forest (for 
fuelwood, edible p lants and  fishery products), hence w arranting  
a careful reconsideration  of the existing rules tow ard sustainable 
resource u tilization  as w ell as efficient m anagem ent of this 
m angrove ecosystem . The p resen t study, invoking bo th  socio­
econom ic (i.e. households depend  on mangroves, m angrove 
resources and th e ir u tilization patterns) and  ecological aspects 
(i.e. im pact o f th e  physical infrastructure  developm ents on 
m angroves and m angrove d ep enden t households), has fulfilled 
th e  gap of know ledge in o rder to recom m end a b e tte r conserva­
tion  policy for G alle-Unaw atuna mangroves.

W ith a know n fact of dependence  on m angroves for tim ber and 
non-tim ber forest products by coastal com m unities (e.g. W alters 
e t al., 2008; N fotabong Atheull e t al„ 2009; Crona e t al., 2010; 
Nfotabong Atheull e t al„ 2011; Satyanarayana e t al„ 2012), the 
sim ilar studies should be undertaken  in o th e r m angrove areas and 
update, if necessary, th e  conservation and m anagem ent strategies 
prevailing an d /o r proposed. A law  in tegrating  econom ic effi­
ciency, social equity  and  environm ental sustainability  can 
generate  good society or peaceful living env ironm ent for the 
people (Boyd, 2003; H ow lett and  Ramesh, 2003).
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L GENEARAL
1. Questionnaire N° : 2. Date:
3. Result: 4. Observations:

i. complete
ii. incomplete
iii. rejected
iv. resident absent

5. Visits:
 i..................
i i.................
ii i ...............

6. Name of the household
7. Address
8. Village
9. Name of the person(s) interviewed

II. SOCIO-DEMOGRAPHIC AND ECONOMIC TRAITS
1. Sex
2. Age/age class
3. Religion: Islam /  Christian /  Buddhist /  Hindu /  Other
4. Marital status: Single /  Married /  Widowed
5. Household size:____________________________________________________________

No.____________ Name Age Sex_________ Relationship

6. Is there anyone in  the house aw ay a t the tim e o f interview?
7. Place o f birth
8. In  case  i f  b o rn  in  ano ther v illage /area

i. w hen  d id  th ey  m ove  to  th is  p lace
ii. w hat age
iii. be fo re /a fte r m arriage
iv. b efo re /a fte r cem en t fac to ry  construction
v. b efo re /a fte r dam  construction
vi. befo re /a fte r ro ad  construction

9. L iteracy  leve l an d  education
10. P rincip le  occupation  (source o f  incom e)
11. Secondary  occupation  (optional)
12. O w n assets/facilities  a t h om e

i. ag ricu ltu ral la n d  v. b o a t ix . fam ily  car
ii. house  vi. b icyc le  x. T V
iii. e lectricity  vii. m otorbike xi. refrigerato r
iv. w ater viii. th ree-w heeler xii. air-cond ition ing

13. V isits  abroad
14. H ousing m ateria l

i. w all/floor: c lay  /  w ood  /  c em en t /  o ther
ii. roof: coconu t leaves /  fiberg lass /  cem en t /  tiles  /  o ther

xiii. telephone
xiv. wooden stove 
XV. gas stove
xvi. kerosene stove

III. MAIN USES OF THE MANGROVES AS VEGEATTION/ECOSYSTEM
1. Place of birth
2. Preference in living close to mangroves: dependency /  cost of living /  healthy /  others
3. Role of mangrove in the local livelihoods
4. Mangrove resources utilization: yes /  no
5. Main usage of the mangrove products: fuelwood /  construction /  service wood /  medicinal use /  edible

plants /  fishery products /  others
6. Frequency of visiting mangroves:

i. times per week/month
ii. whenever go for fishing
iii. whenever go for fuelwood

7. Transport to go to mangroves: by foot /  boat /  bicycle /  others
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FUELWOOD
8. Source of fuel for household cooking: wood /  charcoal /  kerosene /  gas /  electricity /  others
9. Mangrove fuelwood collection: purchase /  own collection /  both purchase and own collection
10. Purpose of mangrove fuelwood: cooking /  heating /  others
11. Responsible person to collect mangrove fuelwood (including age and sex)
12. Mangrove species used for fuelwood
13. Reasons for choosing mangrove fuelwood: burning efficiency /  taste /  flavor /  easy to find /  nothing

else affordable /  others
14. Time to spend in mangroves for fuelwood collection
15. Area(s) of mangrove fuelwood collection (superimposed on study area map)
16. Mangrove fuelwood collection methods: cutting (tree/stem/branch) /  collection on ground /  others
17. Sales of mangrove fuelwood
18. Changes (if any) observed due to recent developments (dam, road, cement factory, etc.) in the vicinity 

EDIBLE PLANTS
19. Are there any edible plants in the mangrove environment?
20. Vernacular/scientific name of the plant(s) used for edible purpose
21. Edible mangrove plants collection: purchase /  own collection /  both purchase and own collection
22. Responsible person to collect edible plants (including age and sex)
23. Reasons for cooking the edible mangrove plants: taste /  healthy /  tradition /  others
24. Time to spend in mangroves for edible plants collection
25. Area(s) of edible mangrove plants collection (superimposed on study area map)
26. Sales of edible mangrove plants
27. Edible mangrove plants collection methods: cutting (tree/stem/branch) /  collection on ground /  others
28. Changes (if any) observed due to recent developments (dam, road, cement factory, etc.) in the vicinity

FISHERY RESOURCES /  RELATED ACTIVITIES
29. Frequency of mangrove fish resources collection: times per week/month
30. Mangrove fishery resources collection methods: purchase /  own collection /  both
31. Preferred mangrove fishery products: fish /  shrimp /  crab /  bivalves
32. Name of the fishing net /  traps used for collection
33. Responsible person to collect mangrove fishery products (including age and sex)
34. Vernacular/scientific name of the fish species available in mangrove environment
35. Vernacular/scientific name of the shrimp species available in mangrove environment
36. Vernacular/scientific name of the crab species available in mangrove environment
37. Area(s) preferred for mangrove fishery products collection
38. Changes (if any) observed due to recent developments (dam, road, cement factory, etc.) in the vicinity
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