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Abstract Mangroves provide ecosystem services for
local communities. However, in coastal systems it is
yet unknown how human settlements are directly
interacting with mangroves. We assessed the use of
mangroves as an ecosystem service at Malaga and
Buenaventura bays, on the Colombian Pacific coast, by
interviewing local communities and examining the
impact of mangrove harvest on the structure of the
forest, an often overlooked effect. Results showed that
mangroves are mainly harvested for their wood.
Rhizophora spp. are the main source of wood for fuel
purposes, whereas Mora oleifera (Triana ex Hemsl.)
Ducke, a mangrove associate, provides 100% of the
wood used for the construction of stilt houses. The
selective extraction of these species has altered the
composition and structure of the forest. Sample sites
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undergoing harvest have relatively low densities of
mangroves; however, one site at Quebrada Valencia
shows signs of copious regeneration (>9000 seed-
lings/ha). Due to the importance of mangroves for the
subsistence of coastal communities, and the threat that
mangroves are exposed to in Colombia, the manage-
ment of mangroves should be a priority. Managers
must address the sustainability of critical species as
part of conservation strategies in order to maintain
ecosystem services for local communities.

Keywords Building material - Colombia -
Fuel wood - Interview surveys - Mora oleifera -
Rhizophora spp.

Introduction

Mangroves are highly productive biological habitats
supporting marine and terrestrial species (Nagelkerken
etal., 2008) and local human communities. Due to their
importance to local livelihoods, mangrove natural
resources have been also considered an important
economic source as well for local communities.
Mangroves have been very important for subsistence
economies since Pre-Columbian times; there are
accounts of mangrove/human interactions for more
than 95% of the known history of the human-occupied
Neotropics (Lopez-Angarita, et al., 2016). They
provide a variety of ecosystem services related to soil
formation; the dense root systems of mangrove forests
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trap sediments flowing down rivers and off the land.
This helps stabilize the coastline and prevents erosion
from waves and storms. Breeding sites, refuge, nesting,
and feeding areas of many faunal species are provided
by mangrove forests. Mangroves are highly valuable as
breeding and nursery habitats for juvenile and migra-
tory marine fish and mammal species, and are
responsible for producing as much as 600 kg/ha of fish
in nearby coastal ecosystems (Melana et al., 2000;
Kathiresan & Bingham, 2001; Krumholz & Jadot,
2009; Valle et al., 2011). These fisheries form an
essential source of food for thousands of coastal
communities around the world.

Mangrove forests perform crucial ecological func-
tions in coastal areas, including protection of coastal
communities against natural hazards such as
cyclones, tsunamis, and shoreline erosion (Saenger,
2002; FAO, 2007). These human communities also
collect medicinal plants from mangrove ecosystems
and use mangrove leaves as animal fodder. Addi-
tionally, mangrove forests are significant oxygen
producers and CO, fixers, one of the gases that
generate the greenhouse effect contributing to global
warming (Ulloa-Delgado et al., 1998; Sanchez-Paez
et al., 2000; MMA, 2002). Mangrove ecosystem
services also include provisioning human societies
for aquaculture, agriculture, alcohol, medicines, fod-
der, and other local subsistence use (Spalding, 1998;
Hogarth, 1999; Alongi, 2002; Walters et al., 2008).
Mangroves are increasingly utilized for wood prod-
ucts such as timber, poles, posts, fuel wood, and
charcoal. The wood is resistant to rot and insects,
making it extremely valuable. Many coastal and
indigenous communities rely on this wood for
construction material as well as for fuel and charcoal
(Field, 1998; Bosire et al., 2008).

Despite the highly recognized functional impor-
tance of mangrove forests, in the last decades, there
has been a rapid degradation of the mangrove forest
resource. Kauffman & Donato (2012) estimate 14.7
million ha of mangrove forest ecosystems extend
along tropical shorelines of the world, with annual
losses of about 2% since 1990 (Valiela et al., 2001;
Alongi, 2002, Duke et al., 2007; Bosire et al., 2008).
The global decline of mangrove habitats has impaired
at least three critical ecosystem services: (1) fisheries
(33% decline); (2) nursery habitat, including effects
on associated ecosystems such as oyster reefs, sea
grass beds, and other wetland types (69% decline);
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and (3) filtering and detoxification services provided
by suspension feeders, including influences on asso-
ciated ecosystems such as submerged vegetation and
other wetland types (63% decline) (Worm et al.,
2006; Barbier et al., 2011).

The largest area of mangroves in western South
America covers the tropical coastline of the Colombian
Pacific and the northern Ecuador (Esmeraldas region)
(Spalding, et al., 2007; Spalding et al., 2010). Although
the geographic distribution of species composition and
structural characteristics of mangroves are mainly
determined by interactions between regional factors (e.
g., tides, freshwater hydrology) and geomorphology
(Krauss et al., 2008), anthropogenic exploitation has
substantially altered the biological characteristics of
individual forests. As a result, these forests are among
the most threatened ecosystems worldwide (Dahdouh-
Guebas, 2000; Alvarez—Leén, 2003; Blanco, 2009).
Polidoro et al. (2010) report that the highest proportion
of threatened mangrove species in the world occurs in
Costa Rica, Colombia, and Panama, with 25-40% of
mangrove species classified as threatened under the
IUCN Red List Categories of Critically Endangered,
Endangered and Vulnerable. The most prejudicial
human activities for mangrove forests include (a) con-
struction of dwellings, docks, and roads, and
(b) harvesting of mangrove wood to be used as fuel
or construction material for homes, boats, and aqua-
culture ponds.

Colombia holds 379,954 ha of mangrove habitat,
of which 292,724 ha extend along the Pacific coast
(INDERENA, 1991). Mangrove forests are composed
mainly of seven species: Avicennia germinans (L.),
(black mangrove), Rhizophora mangle L., (red man-
grove), Laguncularia racemosa (L.) C. F. Gaertn.,
(white mangrove), Conocarpus erectus L. (button
mangrove), Pelliciera rhizophorae Planch. & Triana,
(pifiuelo), Rhizophora racemosa G. Mey., and Mora
oleifera (Triana ex Hemsl.) Ducke (nato) (Prahl,
1989; Peia et al., 2014). The Cauca Valley Environ-
mental Corporation (CVC) regulates coastal forest
conservation, and since 1999, mangrove wood use
has been prohibited (INDERENA, 1991; CVC,
2007). Only local communities are authorized to
use mangrove wood for non-commercial purposes.

The aim of this study was to evaluate mangrove
wood use as an ecosystem service for local commu-
nities in three localities in Malaga and Buenaventura
bays of the Colombian Pacific coast. Additionally, the
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study surveyed the structure and composition of
mangrove forests, and correlated the impact of wood
use with forest composition. These data will con-
tribute to establishment of appropriate conservation
policies along the Pacific coast of Colombia. The
compilation of basic information of mangrove use,
identification of different practices of wood collec-
tion and the mangrove species affected could be
address for a wider scientific audience.

Materials and methods
Study area

The study was conducted in Buenaventura, Colombia
(Tropical Eastern Pacific), and included two Bays with
different levels of human influence: Malaga Bay, which
is a National Natural Park, and Buenaventura Bay,
which is a main port on the Colombian Pacific coast.
Maélaga Bay (3°56'-4°05'N, 77°19-7°21'W) is a tec-
tonic estuary covering 126 km?* (Cantera et al., 2013). It
has approximately 12,000 inhabitants, divided into
small human settlements, including Juanchaco, Ladril-
leros, and La Barra, among others. The economy is
based on ecotourism, especially during the whale-
watching season (between June and October) when
more than 1,100 humpback whales (Megaptera
novaeangliae, Borowski, 1781) migrate north from the
southeast Pacific (Florez-Gonzalez et al., 2007). Bue-
naventura Bay (3°54'N, 77°12'W) is a drowned valley
estuary covering 70 km? (Fig. 1), where Buenaventura is
the main cargo port on the Colombian Pacific (moving
9,500,000 Ton/Year), (Perez, 2016). The estuary is
surrounded by extensive mangrove swamps, especially
in the southern part of the bay (Sanchez-Piez &
Alvarez-Leén, 1997; Cantera & Blanco, 2001). Within
Buenaventura Bay, our research was conducted in the
area between Bazan—Bocana, which includes approx-
imately 1700 inhabitants distributed in the small towns
of Piangiiita, Vista Hermosa, La Bocana, and Changai.

Local details and interviews

In Madlaga Bay, important local details and the
number of people interviewed from La Barra,
Ladrilleros and Juanchaco were as follows:

e La Barra This is a settlement located at the lower
tide limit, with approximately 140 families. Some

of the wooden houses are used as hotels with up
to twenty rooms, with electricity, refrigeration,
stereo, TV, and gas stoves. The area is affected by
flooding during the highest tidal events or by tidal
surge, and several houses have been lost from
erosion. La Barra is connected to Ladrilleros by a
3 km beach that is emergent and accessible only
during low tide, or alternatively by a path through
the forest. We interviewed 10 people here.

e Ladrilleros This is a settlement of about 150
families, whose main source of income is eco-
tourism. Houses are used mainly for commercial
activities, restaurants, craft making, and peddling.
Most houses are built of bricks and cement.
Ladrilleros is connected to Juanchaco through a 5
km trail accessible to any motor vehicle. We
interviewed 60 people here.

e Juanchaco This is a settlement located at the
northern entrance of Malaga Bay. It historically
served as a fishermen’s village, but now is used
mainly for ecotourism. Juanchaco has a dock that
receives boats carrying tourists and products such
as food and fuel. Some hotels, cabins, and
residences are used for lodging; some are built
with bricks and mortar, and others with wood. We
interviewed 40 people here.

In Buenaventura Bay, people from Piangiiita,
Vista Hermosa, La Bocana and Changai were inter-
viewed. The region itself is often referred to as Punta
Bazan, which is a settlement with approximately
1700 people. Most of the residents are natives of the
area; afro-descendants have lived in the area for at
least three generations. Here also we identified a
small population group that depends on the mangrove
ecosystem. These individuals depend on the functions
of the mangrove as a place for the reproduction,
spawning, hatching, and nursery of several marine
species. Important local details and the number of
people interviewed from Piangiiita, Vista Hermosa,
La Bocana, and Changai were as follows:

e Piangiiita This settlement belongs to the Special
Natural Reserve of the Collective Territory. It is
located in the eastern part of Buenaventura Bay.
Buildings are used mostly for tourism, and there
are hotels with up to four floors and cabins,
mostly built with bricks and mortar. There is no
dock for the community to use. We interviewed
40 people here.
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Fig. 1 Map of the study
area on the Colombian
Pacific. Green dots indicate
human settlements where
surveys took place. White
dots indicate where
mangrove forest structure
was measured Source
Mangrove cover Giri et al.
(2011)

e Vista Hermosa This settlement comprises a group
of 30 wooden houses along a beach, which lies
between Piangiiita and La Bocana. Most of the °
villagers cater to tourists. We interviewed 10

people here.

o La Bocana This settlement has buildings for
residences, hotels, restaurants, and a variety of
stores. Access to the settlement is by boat from
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dock for the community to use. We interviewed
20 people here.

Changai This settlement has approximately 160
families, with wooden houses mostly built on

stilts (see Figure S1), with an average of five

Buenaventura City or Malaga Bay. There is a

@ Springer

family members in each. These inhabitants are
primarily fishermen and shellfish harvesters. We
interviewed 30 people here.
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Local use of mangroves

To obtain information on the use of mangroves by
local communities, we interviewed households from
Mdlaga and Buenaventura bays (Dahdouh-Guebas,
et al., 2000; Satyanarayana, et al., 2013). A detailed
list of questions posed to each person (head of
household) interviewed is provided as On-line Sup-
plementary Material. On each bay 100 interviews
were conducted by the authors and a team of five
college students, following the protocol of Martinez
(2012); One adult person per household was inter-
viewed to avoid repetition among family members. A
local guide provided guidance and facilitated com-
munications with respondents. Questions in the
interview were intended to provide general informa-
tion about local economic activities and different uses
of mangrove resources. The questions sought to
obtain information on how each inhabitant of a given
community performs activities in and around the
mangrove forests. The main topics covered in the
interview included: (1) The socio-demographic and
economic situation of the persons interviewed. (2)
Their knowledge about mangroves and their main
interaction with mangroves (e.g., as individual veg-
etation and as an ecosystem). (3) The use of
mangrove vegetation as wood (for construction or
fuel), food, medicine, or the manufacture of handi-
crafts, and (4) Their use of the mangrove ecosystem
for the extraction of fishes, mollusks, and
crustaceans.

The people who were interviewed were fishermen,
national park officials, educational institutional
employees, or members of the general public. Three
population groups were identified: Indigenous (10%),
afro-descendants (80%), and settlers (10%).

Local impact on mangroves

The anthropogenic impact on mangrove forest structure
was assessed by conducting forest surveys on three
sampling sites located within the study areas: Quebrada
Valencia (Mélaga Bay), San Pedro (midway between
Malaga and Buenaventura bays), and Piangiiita (Bue-
naventura Bay) (Fig. 1). The composition and structure
of the forests were determined following the methods
described by Cintrén & Schaeffer-Novelli (1984) and
Kauffman & Donato (2012). Transects were established
perpendicular to the coastline, on which circular plots

with a radius of 7 m were established every 25 m along
the transect (i.e., at 10, 35, 60, 85, 110, and 135 m from
the coastline). Therefore, along each transect, eighteen
plots were established (six locations with three plots
each). According to their height, individual mangroves
were classified as mature trees (>4 m), young trees (1—
4 m), and seedlings (<1 m) (Ashton & Macintosh
2002). Mature trees were identified to species level, and
values were expressed as density (number of trees/ha).
The height of the trees (m) was measured using a
clinometer and trigonometric calculations. The circum-
ference was measured at the standard point for diameter
at breast height (DBH, or 1.3 m), using a tape measure
following the methods of English et al. (1997).

Results
Local use of mangroves

The local communities at Malaga and Buenaventura
bays had different levels of knowledge in regard to
the mangrove ecosystem. The first group of people,
which we considered “experts,” could identify man-
grove species using morphological characteristics of
the leaves, flowers, and embryos. These people had
received training from environmental authorities
within the area, having been part of non-governmen-
tal organizations (NGOs) or having served as local
tour guides (Fig. 2). “Experts” in mangroves repre-
sented only 5% of the interviewees in Malaga Bay,
but 30% of the interviewees in Buenaventura Bay.
The second group, which we considered as having
“good knowledge” about the mangroves, could
usually distinguish distinct types of mangroves based

Malaga
Bay
Buenaventura

0% 20% 40% 60% 80% 100%

Any Some [l Good | Expert

L
Level of knowledge on Mangroves

Fig. 2 Levels of knowledge about mangroves among the
survey respondents
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on the characteristics of the root system and the
products they obtain from them. While locals with
“good knowledge” represented 15% of the population
sampled at Mdlaga Bay, they represented 40% of the
sampled locals from Buenaventura Bay. Results from
the interviews showed that most people with “good
knowledge” of mangroves had gained empirical
knowledge from their direct interactions and visits
to the ecosystems. Most lived in the sector of Changai
and are mainly bivalve harvesters and fishermen.

The third group, which we considered as having
“some knowledge” about the mangroves, represented
20% of the population surveyed at Madlaga and
Buenaventura bays. These people had heard of the
mangrove system, but could not distinguish among
species. This group included people who occasionally
visit the area, such as merchants, tourists, and
technicians (e.g., electricians and systems engineers).
Tourists who visit the beach for a few days typically
have no knowledge of mangroves.

Use of mangroves

Local communities used mangroves for many pur-
poses: for recreation, and to obtain fishing products,
edible plants, and medicine. Different mangrove
species are used as fuel wood and building materials
(Table 1; Fig. 3).

Fish products The interviewed population recog-
nized the importance of mangrove swamps as a
breeding ground for fish species and other organisms

Recreation

Fishing products

Edible plants
PNt m

Medicinal products -

Timber

M Malaga Bay
M Buenaventura Bay

Construction

Fuelwood

o

10 20 30 40 50

Mangrove use (%)

Fig. 3 Uses given to mangrove species found in the study area

of economic as well as subsistence importance to the
inhabitants of the area (43% in Mélaga Bay and 19%
in Buenaventura Bay). This is interesting because the
fisherman do not carry out their activity inside the
mangrove forest; rather, the fishing takes place in the
mouth of the river or in the coastal zone. Neverthe-
less, the association between mangrove forest area
and fishing success was recognized among the
interviewed population. In Changai, there is a group
of at least 30 women whose economy depends
directly on collection of bivalve mollusks. The
species commonly collected include Anadara tuber-
culosa (Sowerby) and Anadara similis (Adams),
which together are locally called “piangua.” These
species are collected in the soil under Rhizophora
spp. roots (see Figure S2). Each woman collects

Table 1 Mangrove species wood use in the study area in Malaga and Buenaventura bays, Colombian Pacific

Species Use

Part used

Mora oleifera (Triana ex
Hemsl.) Ducke

Avicennia germinans (L.)

Staircase steps

Posts, beams, pilings to protect from erosion and tides, bridges and houses. Floors. Trunk

It is used as house columns, canoes, spikes, fences, baskets, tool handles. Fuelwood and Trunk

Stearn charcoal, posts, piles, structural wood, furniture construction, tool handles, musical

instruments, craft objects

The bark contains tannins that are used to tan skins

The infusion is used in cases of diarrhea, to heal wounds and to treat hemorrhoids.

The flowers are rich in nectar and honey, and of excellent quality

Laguncularia racemosa (L.) Its wood is used as firewood, in the construction and manufacture of furniture, house Trunk
C. F. Gaertn. columns, canoes, spikes, fences, baskets, tool handles
Rhizophora spp. Charcoal, mangrove wood for construction, and fuel wood Branches
Constructions and rustic instruments, extraction of tannins, construction of fishing gear
Pelliciera rhizophorae Wood used for pitchforks, sills, fence posts, and fuel wood Trunk

Triana & Planch

@ Springer
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between 20 and 30 dozen piangua per day, with an
average size of 5 cm (Delgado et al.,, 2010a, b).
Collections are made during low tide. Piangua are
sold to an intermediary at $ 0.70 USD per dozen and
the intermediary sells the product to restaurants in the
area or in Buenaventura City at $ 5.30 USD a pound
or $ 10 USD a dozen. In some households, mollusks
or fish species without value in the market are
consumed, such as the gastropod mollusk Littoraria
zebra (Wood, 1828), which is commonly prepared
with rice.

Edible plants there is no information on the
existence of edible plants in the mangrove, either
for Malaga or for Buenaventura Bays.

Medicinal uses It is not common to find medicinal
uses of mangrove species. However, during the
interviews, native Americans of the Waunan tribe
in the Malaga Bay area reported that leaves of
Rhizophora spp. were chewed before social celebra-
tions to compensate for the consequences of alcohol
consumption. In addition, an infusion of Avicennia
germinans (L.) bark is used in cases of diarrhea and
to heal wounds and hemorrhoids.

Wood Depending on the mangrove species, part of
the mangrove plant is used to obtain building
materials or fuel wood. The trunk is the most useful
part of the mangrove tree, as it is used for construc-
tion or fuel. Mangrove wood harvesting activities
occur in different parts of the forest. Harvesting
depends on where the required species is located and
on the size and availability of timber, rather than on
accessibility. Harvesting usually occurs when planks
or logs for different uses in the home are needed;
harvest is not a recurring activity, nor is it seasonal.
Harvesting activities vary according to the level of
formality. A local level of formality in harvesting
involves the interested party approaching a profes-
sional sawyer, who is authorized by the community
council to carry out wood cutting activities in the
forest. The sawyer cuts and piles trees and sells them
to the person who requests them; this wood is sold
unpolished. Otherwise, harvested wood must be taken
to Buenaventura or purchased directly there, which
adds value to the wood.

Wood for construction Wood is the main building
material for the construction of stilt houses (also
known as pile dwellings) (Figure S1). Since man-
groves produce very hard and solid wood, the local
community uses it to build the foundations, floor,

walls, and roof of their houses. According to the
surveys, Rhizophora spp. (red mangrove), Laguncu-
laria racemosa (L.) C. F. Gaertn (white mangrove),
Avicennia germinans (L.) (black mangrove), Pel-
liciera rhizophorae Planch. & Triana (pifiuelo) and
Mora oleifera (Triana ex Hemsl.) Ducke (nato) are
the main species used for this purpose.

Ceiling beams of homes are built with mangrove
wood (48% at Malaga Bay vs. 61% at Buenaventura
Bay); the walls of dwellings of most people inter-
viewed in Malaga Bay and in Buenaventura Bay were
built with wood (40% Malaga Bay, 74% Buenaven-
tura Bay). Concrete was also used in some instances,
such as for hotel construction, where better founda-
tions are required. In most cases, houses built on stilts
(9% in Malaga Bay, 30% in Buenaventura Bay) and
floors are made of wood (38% Malaga Bay, 56%
Buenaventura Bay), whereas taller dwellings and
hotels had floors covered in concrete or ceramic tiles
(Fig. 4).

The construction of stilt houses, which are found
mainly in Changai, requires the use of wood posts
and planks. A standard house requires 216 posts of
Mora oleifera (Triana ex Hemsl.) Ducke, each >6 m
long. Each post costs $ 5 USD. The posts are buried
approximately 1.5 m deep in the mud, with >6 m
above ground, due to the high tide. The floor of the
house is built on top of these posts using wooden
planks. Each plank is about 25 x 400 cm long and
costs $ 5 USD. When buying a dozen, each unit costs
$ 3 USD. At least 36 planks are needed to build a
room. Taking into account that a standard stilt house
requires 16 posts of Mora oleifera (Triana ex Hemsl.)
Ducke at the base, and that in the town of Changai
there are about 160 houses, we can estimate that in
this sector, at least 2560 trees have been logged to
support this unique activity.

Wood for fuel The direct use of Rhizophora spp.
was recorded as fuel wood for cooking in places
where there is no electric energy or where people do
not have the money to pay for energy or gas. The
average monthly payment for energy consumption in
a dwelling where approximately five persons live is
about $10 USD. The species of mangrove most used
as fuelwood are from the taxonomic genus Rhi-
zophora, with 62% of the users in Mdlaga Bay and
45% of the users in Buenaventura Bay, followed by
Laguncularia racemosa (23% in Malaga Bay and
33% in Buenaventura Bay; Fig. 4). A low proportion

@ Springer



352

Hydrobiologia (2017) 803:345-358

Fig. 4 The relative use of 60
mangrove wood as a
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of the population used Avicennia germinans(L.) (15%
Malaga Bay and 22% in Buenaventura Bay). No
monetary value was registered for purchase or sale of
this wood, as it is taken directly from the mangrove
forest (Fig. 5).

Local impact on mangrove forests

The composition and structure of mangrove forest
were analyzed at three sites. The species present in

Cement Other

the sampling sites were Rhizophora spp., Pelliciera
rhizophorae Planch. & Triana, and Mora oleifera
(Triana ex Hemsl.) Ducke. The most common and
important species were Rhizophora spp. (including R.
mangle and R. racemosa, which are very difficult to
distinguish from each other during field surveys)
(Table 2). The density of mangrove trees in Quebrada
Valencia was 28,000 £ 413 (mean = standard devi-
ation) individuals/ha; in San Pedro, it was
15400 £ 1335 ind/ha, and in Piangiiita was
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Table 2 Importance Value Index (I.V.I) corresponding to plant species of Quebrada Valencia, Piangiiita y San Pedro, Colombian

Pacific

Species Quebrada valencia San Pedro Piangiiita
Mora oleifera 32.68 0 36.30
Pelliciera rhizophorae 0 76.00 58.00
Rhizophora spp. 168.32 125.04 106.76

8100 £+ 3,110 ind/ha (Fig. 6), with this result
attributed to forest maturity. The main height of the
canopy (5.9 &+ 2.6 to 17.5 £ 1.1 m) and the basal area
(2.03 + 2.6 to 1082.80 m?ha) were higher in
Quebrada Valencia, followed by San Pedro, and then
Piangtiita (Table 3), indicating that the trees of
Quebrada Valencia riverine forest are mature.

The total number of seedlings and juveniles up to
4 m is shown in Fig. 6. In Quebrada Valencia, there
were 10,400 £ 2.2 ind/ha, followed by San Pedro
with 4,700 4+ 932.6 ind/ha, and Piangiiita with
4,100 £ 717 ind/ha.

Discussion

This study documents the importance of mangrove
resources for local communities of the Colombian
Pacific coast. Surveys were conducted to ascertain
mangrove knowledge and local dependence on man-
grove wood for subsistence, including household
needs, fuel wood, and income. These findings con-
tribute to a greater global appreciation for identifying
what mangrove forests provide to people. Indeed, the
importance of the mangroves as an ecosystem service

Fig. 6 Total mangrove
density in three sites of the
Colombian Pacific coastal
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has been reported worldwide (Dahdouh-Guebas &
Koedam, 2006; FAO, 2007; Nagelkerken et al., 2008;
Walters et al., 2008).

The difference in knowledge about mangroves
among the respondents is very clear. The two
populations have a rather different pattern of knowl-
edge: in Malaga Bay, the majority of the respondents
do not know about mangroves, since very few people
visit the ecosystem; their relationship is based on
fishery products obtained indirectly from this ecosys-
tem. In Buenaventura Bay, most respondents have a
good or excellent knowledge about the mangrove.
Here, we found more people who work as ecotourism
guides in the mangrove area, or who use mangrove
wood directly or collect shellfish.

In the study area, the collection of mangrove
resources differs between men and women. Women
and children mostly devote their time to bivalve
harvesting,  especially  Anadara  tuberculosa
(Sowerby), Anadara similis (Adams), and in some
cases Grandiarca grandis (Broderip & Sowerby,
1829) and Striostrea prismatica (Gray, 1825). Not
many studies have focused on these gender divisions
in mangrove resource exploitation, with some excep-
tions in fishery related activities (Howard, 2003;
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Table 3 Average and
standard deviation for

density (Ind/ha), height (m),
and basal area (m*/ha) of
the mangrove trees in three
sites of Colombian Pacific
coastal zone

Sample site/species Density (Ind/ha) Total species Height (m) Basal Area (mzlha)
Quebrada Valencia
Rhizophora spp. 28000 + 414 11.3 + 89 235.1 £+ 24.8
Mora oleifera 173 £ 8.5 1082.8 + 38.9
San Pedro
Rhizophora spp. 15400 + 1335 175 £ 1.1 28.1 &+ 76.8
Pelliciera rhizophorae 6.1 =38 93.6 £ 4.1
Piangiiita
Rhizophora spp. 8100 £ 3110 6.8 £ 5.1 6.0 £ 6.0
Mora oleifera 6.8 + 3.6 2.0+ 26
Pelliciera rhizophorae 59 +26 325 + 55.6

Magalhaes et al., 2007). This also was observed by
Feka et al. (2011), where women, harvest small
mangrove tress near their homes and men, whose
harvesting practices are less frequent, practice small
scale, selective harvesting of larger trees. In this
study, men are usually involved in fishing activities;
women play an important role in subsistence collec-
tion of mollusks and food preparation. Of the 100
people interviewed in Buenaventura Bay, 30 women
are mainly involved in activities related to mollusk
collection, while men are engaged in collecting
timber or fishing.

Mangrove wood

Among coastal communities globally, fuel wood is
one of the major extractable uses of mangroves
(Dahdouh-Guebas et al., 2000; Glaser, 2003; Walters,
2005; Lopez-Hoffman et al., 2006; Ronnbéck et al.,
2007; Walters et al., 2008), but this use is also a
major threat along with timber for the mangroves in
Asia and Africa (Hernandez-Cornejo et al., 2005). In
the Philippines, it is common to make charcoal or to
use mangrove wood as fuel (Walters, 2006; Walters
et al., 2008). In the Colombian Pacific, local users
also use mangrove wood to make charcoal. The
consequences of the use of wood as fuel and for the
construction of pile dwellings in the study area should
be analyzed to establish appropriate conservation
policies, and to identify the main affected mangrove
species. The use of wood in the study area resulted in
selective cutting of mangrove trees, especially Rhi-
zophora spp., Laguncularia racemosa (L.) C.
F. Gaertn and Avicennia germinans (L.), which are
used primarily as fuel wood. Mora oleifera (Triana ex

@ Springer

Hemsl.) Ducke is used in greater proportion in the
construction of houses and as posts for basement
construction and for area-specific erosion control.

The mangrove forest of Malaga and Buenaventura
bays have low structural development compared with
other mangrove forest on the Colombian Pacific coast
in terms of height and basal area (Sanchez-Paez &
Alvarez—Le(’)n, 1997; Pena—Salamanca et al., 2014).
These data suggest the influence of selective man-
grove cutting for construction and timber resources
near local settlements. Measurements of basal area
and mean height of all mangrove individuals indi-
cated the possible influence of anthropogenic effects,
mainly due to selected extraction of mature individ-
uals, which have better wood. Similar patterns have
been shown in Brazilian mangroves (Calegario et al.,
2015). The most abundant tree in the study area was
Rhizophora spp. (red mangrove), followed by Pel-
liciera rhizophorae (pifiuelo) and Mora oleifera
(Triana ex Hemsl.) Ducke (nato). At present, Rhi-
zophora spp. is strongly dominant. This study did not
record the presence of Laguncularia racemosa (L.) C.
F. Gaertn or Avicennia germinans (L.). The number of
adult individuals and seedlings of Pelliciera rhi-
zophorae Planch. & Triana and Mora oleifera (Triana
ex Hemsl.) Ducke in the three localities is low, and
for Mora oleifera (Triana ex Hemsl.) Ducke only a
few of the oldest trees survive, indicating a low
regeneration rate of the forest. The structural prop-
erties of this mangrove forest imply that there has
been over-exploitation of Mora oleifera (Triana ex
Hemsl.) Ducke, which is the main wood resource in
the study area.

The higher proportion of seedlings and juveniles
also indicates higher growth rate of the seedlings.
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Gan (1995) recommends a density of 5000-10,000
seedlings per hectare to ensure good regeneration
potential for logged areas, while Srivastava & Bal
(1984) indicate a minimum of 2500 seedlings per
hectare to ensure natural regeneration. In this case,
the natural regeneration potential of mangroves is
low in San Pedro (4700 seedlings/ha) and Piangiiita
(4100 seedlings/ha), indicating that harvesting pres-
sures might not be sustainable in the long term.

Edible and medicinal mangrove plants

Wild food plants are used by agricultural societies
because of their rich contribution to culinary and
cultural diversity as well as for food security and
nutrition (Cotton, 1996; Price, 2003). In the study
area, Rhizophora spp. leaves are used to avoid
hangovers after excessive alcohol consumption. An
infusion of Avicennia leaves is used as medicine in
cases of diarrhea, as well as to heal wounds and
hemorrhoids. Flowers of this species are also used for
honey and nectar extraction, although local commu-
nities consider it bitter to the taste.

Mangrove fishery resources

Mangrove ecosystems have proven to be important as
food and shelter for several finfish and shellfish
communities (Adeel & Pomeroy, 2001; Primavera
et al., 2004; Crona & Ronnbick, 2005; Dahdouh-
Guebas et al., 2006; Dahdouh-Guebas & Koedam
2008, Walters et al., 2008; Cannicci et al., 2008;
Mwandya et al., 2009). In the Colombian Pacific,
fishermen sell the products to restaurants directly or
to intermediaries who transport the products to
Buenaventura and other cities.

Mangrove conservation and management

The lack of accurate information on the part of
environmental managers and policymakers, coupled
with the fact that these environments have been
classified often as uncultivated land, explains the
poor management of mangroves in many developing
countries (Sanchez-Paez et al.,, 2000; Adeel &
Pomeroy, 2001; Gammage et al., 2002; Lynagh &
Urich, 2002; Sanchez-Paez et al., 2004). In

Colombia, national and regional environmental
authorities are responsible for forest protection and
management. Artisanal uses and community-based
use of mangrove resources are permitted, such as the
integrated management Bazan—Bocana District,
which includes the natural protected areas in which
exploitation by ethnic populations is permitted. This
is an example in which local communities are
involved in environmental planning and programs
of mangrove conservation and management.

In Colombia, there have been many projects for
mangrove conservation (MMA, 2002; Alvarez-Leén,
2003; Florez & Etter, 2003), but there is evidence of
some loss caused by different human activities along
the Pacific coastline. The decrease of mangrove cover
causes a variety of problems, ranging from environ-
mental degradation and loss of diversity, to the
breakdown of socio-economic systems. Pressure on
coastal areas can exceed the carrying capacity of
these areas and cause resource and environmental
quality degradation (Valiela et al., 2001; Barbier &
Cox, 2003; Polidoro et al., 2010).

Conclusions

The results of this study show that the main uses of
mangroves in the study area are fuel wood, construc-
tion, and fishery products. Of these three categories of
use, the local population depends on fishing resources
(30%), use of wood for fuel (15-21%) and for
construction (42-75%). These data indicate that these
mangrove uses are mainly determined by the eco-
nomic situation of the local communities. Local
communities also use the mangrove creeks as fishing
areas.

Mangrove management strategies in the Colom-
bian Pacific area must be applied with adequate
scientific management. Considering the importance
of mangrove resources for the livelihoods of local
peoples, it is necessary to prioritize participatory
approaches with local communities in a planning,
decision making and implementation of forestry
activities. It is necessary to provide alternatives to
the use of mangrove species as fuel wood and the
construction of dwellings, which will permit both the
conservation of mangrove forests and the subsistence
of populations.
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