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ABSTRACT

1. The loss of marine biodiversity in tropical regions of the world is a major threat to human welfare. Multiple
anthropogenic drivers are responsible for this situation, with complex scenarios for coastal areas in third-world
countries, where economic development often competes with conservation plans.

2. The International Union for the Conservation of Nature (IUCN) Red List of Threatened Species is an
influential tool for setting conservation priorities at local and regional levels. The application of [TUCN criteria for
assessing extinction risk, however, continues to represent a major challenge in data-poor situations present in
many tropical megadiverse countries.

3. To overcome these difficulties, three different data sources on invertebrates and fishes present in an estuarine
system representative of the tropical eastern Pacific (TEP) region (Bahia Malaga, Colombia) have been used to
establish their relative local extinction risk and correlate this information with the existing IUCN Red List
categories. Data sources included (1) IUCN global and national listings, (2) traditional ecological knowledge
(TEK), and (3) grey literature, scientific and natural history observations.

4. In total, 46 threatened species were evaluated after combining the three data sources. Only 17 species were
previously identified as threatened by IUCN global and national listings, whereas the remaining 29 species were
classified under a threatened category after evaluating TEK, grey literature and scientific information. Some of
these species are seriously threatened within the estuary because of overharvesting and habitat destruction.

5. Despite most of the species identified having large geographical ranges in the TEP, they may face the same
threats throughout their ranges. The approach provides a useful tool to assess species extinction risk in tropical
regions where resource exploitation and habitat degradation advance rapidly, making the setting of conservation
priorities an urgent task.
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INTRODUCTION determining threatened and extinct marine groups at local or

global scales (Dulvy et al., 2003; 2004; Del Monte-Luna et al.,

Species’ extinction risk assessment is a current issue in 2007). These difficulties arise, in most cases, due to the paucity
conservation biology of terrestrial and marine systems. of information concerning the biology and ecology of marine
Unfortunately, there are serious difficulties in accurately species when compared with their terrestrial counterparts.
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In the tropics, this lack of information is exacerbated by the
strikingly high biodiversity and a historical scarcity of
biological research effort. As habitat destruction and human
population growth increase dramatically, species may tend to
have higher risk of extinction in these areas (Baillie et al.,
2004). The International Union for the Conservation of
Nature (IUCN) Red List of Threatened Species provides the
most comprehensive and scientifically rigorous information
about the conservation status and extinction risk of species,
being an important tool in conservation, with applications
ranging from local to global scales (Rodriguez et al., 2006;
Hoffmann ez al., 2008). However, determining the extinction
risk of marine species faces the enormous challenge of
assessing several poorly known taxa in a changing world in
order to prevent their extinction.

Few marine species were considered extinct or under certain
threat until recent times. Most of the known threatened marine
taxa are higher vertebrates (birds, mammals, and turtles), for
which information about life cycles, geographical distribution,
and exploitation trends is available (Carlton et al., 1999; Dulvy
et al., 2003), with very few under certain threatened categories
according to the World Conservation Red List criteria
(Hilton-Taylor, 2000; TUCN, 2006). The consequences of
human activity on the oceans historically have been
underestimated owing to the difficulty in detecting them
(destruction of habitats, overexploitation, introduction of
exotic species, and pollution) compared with the more
evident changes that terrestrial ecosystems have suffered
(Rabb and Lacy, 1990; Wolff, 2000; Hutchings, 2001; Dulvy
et al., 2003; Reynolds, 2003). However, it is now well known
that human activities are responsible for accelerated changes
in marine ecosystem function and structure (Jackson et al.,
2001). These changes are reflected by loss of marine
biodiversity and the worldwide decline in fishery catches
during the last century, increasing the extinction risk of target
species. Despite this, documented global extinctions of marine
organisms are still low, compared with those of terrestrial
organisms. Population-scale extinctions in several marine taxa
have started to be identified worldwide (Dulvy et al., 2003).
These local or regional extinctions shorten species’ geographical
ranges, increasing their vulnerability to extinction when
stochastic events occur, and thus may be considered as the
first step towards larger scale or complete extinctions.

Understanding the biology and population dynamics of
vulnerable species is a useful tool in preventing extinction of
species (Walters, 1991). Various methodologies have been proposed
to assess the extinction risk of species: (1) approximations based on
the life histories of species; (2) time series data examining changes
in species’ abundances; and (3) demographic approximations
based on ages or state of development of vital rates (e.g. growth,
survival) and reference points of fisheries (e.g. a ‘desirable’
fishing mortality rate; Dulvy et al., 2004). These methods,
however, need certain knowledge of local diversity and species’
population biology. In the absence of these data it is necessary to
establish precautionary management actions based on the
available scientific information and local people’s traditional
ecological knowledge (TEK), which have proven to be extremely
useful for management purposes under an ecosystem-based
approach (Johannes, 1998; Johannes et al., 2000; Drews, 2005;
Appeldoorn, 2008; Silvano and Begossi, 2010).

There is at least one categorization system of threatened
species per country in the American continent (de Grammont
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and Cuaron, 2006), but very few are dedicated to marine
species. Threatened marine species of Colombian oceans,
coasts and particularly estuaries are poorly known;
information has been compiled for only a very small number
of fish, molluscs and crustaceans in red books for marine fauna
(invertebrates and fishes) using the IUCN categorization
system (Ardila et al., 2002; Mejia and Acero, 2002). These
efforts, however, are preliminary, and a complete assessment
in the Pacific and Caribbean coasts of Colombia is urgently
needed.

The objective of the present study was to address marine
invertebrate and fish species facing elevated risks to local
extinction within an estuary of the tropical eastern Pacific
(TEP) Ocean: Bahia Malaga. This bay is located in the
Tumbes—Choco-Magdalena biogeographic hotspot and is
recognized for its conservation importance. In the present
work we examined three issues: (1) species of marine
invertebrates and fishes with high extinction risk at a local
scale; (2) past and current environmental and human
threats for coastal and marine biota in the estuary; and
(3) the relevance of establishing extinction risk categories in
areas of the world where bio-ecological information on marine
species is scarce. To answer these issues, scientific information on
the biological and ecological data available for marine species in
the area has been compiled and supplemented with TEK.

MATERIALS AND METHODS

The study area

Bahia Malaga is a tectonic estuarine system located in the
central region of the Colombian Pacific coast (3°56'—4°05'N
and 77°19-77°21'W) within the TEP region (Figure 1).
The bay is surrounded by low cliffs (200-300m high),
oriented 35° N-NE, with an area of ¢. 130km? and average
depth 15m. The coast is bordered by rocky cliffs constituted
by tertiary sediments of mudstones and shales and is strongly
modified by erosion, with groups of islands distributed within
the whole area and well-developed fringe-mangroves and
mudflats along riverbanks. The external border has extended
sandy beaches with high hydrodynamism (Cantera, 1991).
The bay is located in an area with one of the highest
precipitation rates in the lowlands of the world (6000 mm
year'!; Eslava, 1992). The forest area bordering the bay is
still pristine, with great extensions of tropical rain forests
characterized by high biodiversity (Faber-Langendoen and
Gentry, 1991). Few human settlements are found in the area.
Nevertheless, Bahia Malaga has faced over the last 25 years
accelerated changes as a consequence of the construction
of a naval base in the mid-1980s and increasing tourism
activity nearby. Mangrove loss in the whole Colombian
Pacific coast was calculated as 13.712 ha over the period
1969 to 1996 (Zambrano-Escamilla and Rubiano-Rubiano,
1996). However, no specific estimates of mangrove loss are
available for Bahia Malaga. Development plans by central and
local governments to construct a deep-water commercial
harbour threaten the marine biodiversity of the area;
nevertheless, two areas within the bay (La Plata and La
Sierpe representing 6791 ha and 25178 ha, respectively) have
recently been declared protected areas by local environmental
agencies (Figure 1).
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Figure 1. Localities and main human and environmental threats in marine zones of Malaga Bay: 1. Juanchaco; 2. Los Negritos, 3. Naval Base,
4. Curichiche Island, 5. La Plata Village; ME = manual mollusks exploitation, TNE = trawling net exploitation (Changa), PNE = pelagic net
exploitation, DF = Diving fisheries exploitation, ST =seasonal tourism, IE =induced by man coastal erosion, NB = natural bioerosion,
HP = hydrocarbon pollution, DP = domestic pollution, MR = Military reserve. Newly declared protected areas: PA1: La Sierpe and PA2: La Plata.

Methodological approach

IUCN global and local lists and scientific literature

To make a first approximation of the species that could be
threatened within the estuarine area, we consulted the on-line
IUCN Red List of Threatened Species (IUCN, 2006),
restricting the search to all the assessments made since 1996
of marine species under any category of Colombian waters of
the eastern Pacific. In the same way, the national marine red
lists (Ardila et al. 2002; Mejia and Acero, 2002) were
consulted, selecting the species cited for the Pacific coast of
the country. From these two sources marine invertebrates and
fishes were chosen, whose presence was confirmed according to
marine species lists for Bahia Malaga (see Escallon and
Cantera, 1989; Cantera, 1991; Cantera and Neira, 1998;
Castellanos-Galindo et al., 2006).

Traditional ecological knowledge—TEK

To gather information from local communities, two different
approaches were used. (1) Anecdotal information from local
inhabitants was gathered by one of the authors during 25 years
of field trips to the two largest villages within the area
(Juanchaco and La Plata) (Figure 1). In addition, during
2004-2006, semi-structured interviews took place at the same
villages where this kind of anecdotal information was
collected. (2) During 2004-2009, 16 sites within the bay were
visited, accompanied by two inhabitants of the nearest villages
involved in fishing activities. At each site informal interviews
(non-structured) took place. Both types of approaches focused
on four specific topics: common fishing practices at the site;
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main species exploited; observed decline in the capture of
certain species; and the main causes of these declines (see
Supplementary Material (Table S1) for a full list of topics).

With the information gathered, a qualitative assessment of
the main species exploited was carried out, taking into account
the fishing methods employed, the frequency of exploitation of
resources, and the observed decline of the resource by the
fishermen. The exploitation frequency of each species was
divided into three main categories: ‘regularly’, if the resource
was exploited on a year-round basis; ‘seasonally’ if the
resource was exploited every year according to a known
peak in abundance or to a special tourism demand; and
‘occasionally’, if the resource was exploited only in atypical
situations where other resources were not available. Comments
on the state of the resource were classified as ‘highly declined’,
if the respondents agreed that the species’ population had
suffered a considerable reduction over the years; ‘declined’, if
there was an observable reduction; ‘reduced mean size’, if the
species is still being harvested but the average sizes have
declined; and ‘no observed trend’ if the respondents could not
answer if the population has declined or remained the same.
This information was further used in discussions among the
authors trying to correlate the species’ threatened status given
by people with that of the IUCN categories.

Grey literature, natural history and scientific observations

A series of observations was made during 2005-2009 in the bay
to identify species that were not recognized as principal targets
by local fishermen (minor commercial value), but were thought
to be vulnerable according to the principal threats to biodiversity
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identified in Salafsky er al. (2008). The observations were
focused on surveys of intertidal and subtidal hard bottoms
where previous human perturbations had taken place (near the
naval base) and analysis of the by-catch composition of an
artisanal trawling fishing method used in the outer zones of the
bay. These observations were compared with descriptive reports
available (CENIPACIFICO, 1986 and 363 grey literature and
published references, see INVEMAR et al., 2006) and with
previous observations by one of the authors concerning the past
state of specific populations. Additionally, based on grey
literature and reports, species whose geographic range was
considered reduced (rare species confined to the area) were used
to elaborate this third list of species at risk. After a preliminary
list of species was compiled, discussions were held with experts
within each taxonomic group to determine its status.

With these three data sources, an agreement on which
populations would be assessed or reassessed (in the case of
IUCN existing national and global lists) at the regional level
was reached using the TUCN guidelines. The second step
consisted of applying the IUCN Red List criteria to the selected
regional populations, generating a preliminary estimation of
extinction risk. As a final step, the IUCN regional guidelines
were applied to these populations to obtain a regional
estimation of extinction risk (Géardenfors et al., 1999; 2001;
TUCN, 2003). In all cases, discussions were held with experts in
each taxonomic group and the data on each species evaluated in
order to make a definitive assessment of its threatened status
and extinction risk. Greater relevance was given to the
exploitation trend within the area, the habitat occupied, and
its degradation trend, when available or suspected. A final
assessment considered also life history characteristics of each

species based on the available information in similar areas of the
TEP. Species that were common between this list and the [UCN
national and global lists were reassessed in a threatened
category according to the local situation. At the end, a
consolidated list of threatened species for Bahia Malaga was
constructed following the TUCN nomenclature.

RESULTS

Identification of species with local extinction risk

Forty-six species of invertebrates and fishes were evaluated
(one sponge, five cnidarians, 10 molluscs, 10 crustaceans and
20 fish species) according to IUCN extinction risk criteria.
When considering species already listed in [UCN categories
(globally and locally), only 17 species were found. Four species
are shared among global and national listings (blacktip
shark — Carcharhinus limbatus, Pacific goliath grouper —
Epinephelus quinquefasciatus, Pacific seahorse — Hippocampus
ingens, and largetooth sawfish — Pristis pristis). Nine of them
were previously reported in Colombian TUCN red books,
corresponding mostly to commercially important species in the
Colombian Pacific (shrimps and cockles; Table 1). Nine species
correspond to Global IUCN recently assessed cartilaginous
fish. Fish form the most abundant group among this list,
representing 76% of the total species, with molluscs and
crustaceans representing the remaining 24%.

Interviews were conducted with around 40 fishermen, 10
mangrove cockle collectors and 22 key informants from the
main coastal settlements in Bahia Malaga. The interviews

Table 1. Marine fishes and invertebrates of Bahia Malaga (tropical eastern Pacific) under [IUCN Global and/or National Red List classifications

Taxa Species Common name IUCN global TUCN Year of Reference
category national assessment
category
Molluscs Grandiarca grandis Grand ark, mangrove — VU A2d 2002 MacKenzie, 2001; Ardila et al., 2002
cockle
Anadara tuberculosa Pustulose ark, mangrove — VU A2d 2002 MacKenzie 2001; Ardila et al., 2002
cockle
Crustaceans Litopenaeus occidentalis  Western white shrimp - VU Adcde 2002 Ardila et al., 2002
Litopenaeus vannamei Whiteleg shrimp - VU Adcde 2002 Ardila et al., 2002
Fish Carcharhinus limbatus Blacktip shark NT LC 2002 Burgess and Branstetter, 2005; Mejia
and Acero, 2002
Carcharhinus porosus Smalltail shark DD - 2005 Lessa et al., 2005
Galeocerdo cuvier Tiger shark NT Simpfendorfer, 2005
Pristis pristis™ Guacapa CR A2abc+ CR A2a 2000 Cook and Compagno, 2005; Mejia and
3cd Acero, 2002
Aetobatus narinari White-spotted eagle ray NT - 2005 Kyne et al., 2005
Dasyatis longa Longtail stingray DD - 2005 Smith, 2005
Rhinobatos Whitesnout guitarfish NT - 2005 Bizzarro, 2005
leucorhynchus
Urotrygon rogersi Roger’s Round Ray DD 2008 Valenti, 2008
Manta birostris Manta ray NT - 2006 Marshall ef al., 2006
Sphyrna lewini Scalloped hammerhead EN A4bd - 2000 Baum et al., 2007
Cetengraulis mysticetus ~ Pacific anchoveta VU 2002 Mejia and Acero, 2002
Hippocampus ingens Pacific seahorse VU Adcd VU A2ad 2003 Project Seahorse, 2003; Mejia and
Acero, 2002
Epinephelus itajara™™ Goliath grouper CR A2d CR A2a 2006, 2002 Mejia and Acero, 2002; Chan Tak-

Chuen and Padovani Ferrera, 2006

*Eastern Pacific and Caribbean Pristis pristis populations are thought to be different species based on genetic evidence, thus eastern Pacific
populations may be considered to be Pristis zephyreus (Colin Simpfendorfer and Vicente Faria pers. comm. 2008, Robertson and Allen, 2008).
** Epinephelus itajara has recently been considered to be a species restricted to the Atlantic Ocean and the eastern Pacific populations considered to be

a sister species Epinephelus quinquefasciatus (Craig et al., 2009).

Copyright © 2011 John Wiley & Sons, Ltd.
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indicated that at least 18 species are exploited regularly
(nine molluscs, five crustaceans and four fishes; Table 2).
Three species of mangrove cockles (Anadara tuberculosa,
A. similis and Grandiarca grandis) are the most intensively
exploited resources. They are collected year-round despite
recent efforts to establish a ban in two months of the year.
Mainly women and children undertake collection. Catches
have severely declined in the last 15 years. The people
interviewed agreed that there has been a decline in the total
community catch (c. 30 collectors) from 1200-1800 to 120-360
individuals per day. G. grandis was often regarded by
respondents as an abundant species that has seriously
declined in numbers over the years. The decline in this
species, however, was difficult to quantify for interviewees.
Respondents identified six other mollusc species as commonly
harvested. These are exploited before a religious celebration
each year (April). There is little information about exploitation
pressure on Iliochione subrugosa, but our interviews revealed
that this species as well as other molluscs (Donax spp. and
littorinids) are regularly collected for local consumption and
occasionally on a commercial basis in the local touristic village
(Juanchaco) outside the bay (Figure 1).

Based on grey literature and specialist observations,
39 species at risk of extinction in the area were identified
(10 molluscs, seven crustaceans, 16 fishes, one sponge and five
cnidarians). Apart from commercially important species that
were identified in the previous analysis, other species were
identified. Most of these species were captured accidentally in
artisanal shrimp fisheries. Three mollusc species are caught
accidentally (Northia pristis, Conus patricius and Terebra
robusta). The majority of the fish were sharks and rays
(i.e.  Carcharhinus  spp., Dasyatis longa, Rhinobatos
leucorhynchus and Sphyrna lewini); however, bony fishes
belonging to Sciaenidae were also identified within by-catch
species at risk. Five crustaceans (Alpheidae) and one mollusc

(Phenacovolva brevirostris) considered rare in the bay were
identified. Some of these species have been collected only
once and have restricted geographical ranges in the TEP
(Table 3). At least five species of Cnidaria are threatened by
sedimentation and destructive fishing practices (shrimp
trawling). Finally, one species of Porifera has been identified
as threatened due to disease that produces tissue loss and white
discoloration. This was observed regularly during the surveys.
A similar disease has been reported in the Caribbean (Wulff,
2007), but further investigation is needed to confirm the nature
of this disease in the Colombian Pacific.

Threats

Residential and commercial development and
transportation and service corridors

As the result of military and tourism development, key
habitats have been lost. These habitats include rocky shores
and subtidal rocky reefs adjacent to the tourism areas and the
naval base (Figure 1). Moreover, since the mid-1980s when
major developments (i.e. naval port construction) occurred in
the bay, the adjacent intertidal and shallow-water areas have
been affected by severe sedimentation, drastically affecting
benthic populations, principally cnidarians (octocorals) and
sponges (Cantera, 1991).

Logging and wood harvesting

Timber extraction from the mangrove forests and adjacent
forest in the inner zones of the bay has taken place over the last
50 years. This activity is probably responsible for the reduction
of mangrove forest complexity and abundances of certain
species. However, estimated mangrove loss in the Colombian
Pacific is relatively low, compared with the global trends
(Zambrano-Escamilla and Rubiano-Rubiano, 1996).

Table 2. Invertebrate and fish species identified by local inhabitants and/or fisherman as currently suffering exploitation pressure. The main habitats
occupied by the species, the harvesting method and comments on local people’s perceived population trend are shown. A correlate with [TUCN

categories is derived from local perceptions

Group Species Collection method Frequency of Abundance and population TUCN proposed
capture trends category

Molluscs Grandiarca grandis Manual Regularly Declined Vulnerable (VU)
Anadara tuberculosa Manual Regularly Declined Vulnerable (VU)
Anadara similis Manual Regularly Declined Vulnerable (VU)
Iliochione subrugosa Manual Seasonally Declined Vulnerable (VU)
Melongena patula Manual, Artisanal Bottom Occasionally No observed trend Data deficient (DD)

trawling

Underwater manual collection
Underwater manual collection
Manual
Manual

Pinctada mazatlanica
Strombus galeatus
Donax spp.
Littoraria spp.

Crustaceans Litopenaeus occidentalis  Gillnets and artisanal bottom

trawling

Litopenaeus vannamei Gillnets and artisanal bottom
trawling

Cardisoma crassum Manual

Callinectes spp.
trawling

Panulirus gracilis Harpoons, spearguns

Fish Mugil spp. Gillnets
Lutjanus spp. Gillnets, spearguns, harpoons
Centropomus nigrescens  Gillnets
Ephinephelus Spearguns, harpoons
quinquefasciatus

Pelagic gillnets, artisanal bottom Regularly

Data deficient (DD)
Data deficient (DD)
Data deficient (DD)
Data deficient (DD)

Vulnerable (VU)

Occasionally No observed trend
Occasionally No observed trend
Seasonally No observed trend
Occasionally No observed trend

Regularly Highly declined

Regularly Highly declined Vulnerable (VU)
Least concern (LC)

Least concern (LC)

Occasionally No observed trend
No observed trend

Occasionally  Declined Data deficient (DD)

Regularly Reduced mean size Data deficient (DD)
Regularly No observed trend Data deficient (DD)
Regularly Reduced mean size Data deficient (DD)
Seasonally No observed trend Critically

endangered (CR)

Copyright © 2011 John Wiley & Sons, Ltd.
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Table 3. Threatened invertebrates and fish of Bahia Malaga based on grey literature and specialist observations. Threats are classified according to

Salafsky et al. (2008)

Group Species IUCN category Threat
Sponges Aplysina cauliformis DD Invasive and other problematic species and genes (disease), climate
change and severe weather
Cnidarians Leptogorgia alba VU Residential and commercial development (military bases), climate
change and severe weather, transportation and service corridors
Pacifigorgia eximia VU Residential and commercial development (military bases), climate
change and severe weather, transportation and service corridors
Pacifigorgia agassizii VU Residential and commercial development (military bases), climate
change and severe weather, transportation and service corridors
Muricea spp. VU Residential and commercial development (military bases), climate
change and severe weather, transportation and service corridors
Pocillopora damicornis VU Residential and commercial development (military bases), climate
change and severe weather, transportation and service corridors
Molluscs Grandiarca grandis VU A2d Fishing and harvesting aquatic resources
Anadara tuberculosa VU A2d Fishing and harvesting aquatic resources
Anadara similis VU A2d Fishing and harvesting aquatic resources
Lliochione subrugosa DD Fishing and harvesting aquatic resources
Pinctada mazatlanica DD Fishing and harvesting aquatic resources
Strombus galeatus DD Fishing and harvesting aquatic resources
Northia pristis DD Fishing and harvesting aquatic resources (bycatch)
Conus patricius DD Fishing and harvesting aquatic resources (bycatch)
Terebra robusta DD Fishing and harvesting aquatic resources (bycatch)
Phenacovolva brevirostris DD Residential and commercial development (military bases),
transportation and service corridors
Crustaceans Litopenaeus occidentalis VU Adcde Fishing and harvesting aquatic resources
Litopenaeus vannamei VU Adcde Fishing and harvesting aquatic resources
Pilumnus nobili™ DD Restricted geographic range (Prahl, 1982)
Pinnotheres malaguena™* DD Restricted geographic range (Garth, 1948)
Alpheus colombiensis™* DD Restricted geographic range (Wicksten, 1988)
Alpheus wickstenae™™ DD Restricted geographic range (Christoffersen and Ramos, 1987)
Synalpheus arostris™™* DD Restricted geographic range (Wicksten, 1989)
Fish Carcharhinus limbatus NT Fishing and harvesting aquatic resources
Carcharhinus porosus DD Fishing and harvesting aquatic resources
Galeocerdo cuvier NT Fishing and harvesting aquatic resources
Pristis pristis CR A2a Fishing and harvesting aquatic resources
Aetobatus narinari NT Fishing and harvesting aquatic resources
Dasyatis longa DD Fishing and harvesting aquatic resources
Rhinobatos leucorhynchus NT Fishing and harvesting aquatic resources (bycatch)
Manta birostris NT Fishing and harvesting aquatic resources
Sphyrna lewini EN A4bd Fishing and harvesting aquatic resources
Hippocampus ingens VU A2ad Fishing and harvesting aquatic resources, residential and commercial
development (military bases), transportation and service corridors
Epinephelus quinquefasciatus VU A2a Fishing and harvesting aquatic resources
Larimus spp. DD Fishing and harvesting aquatic resources (bycatch)
Ophioscion spp. DD Fishing and harvesting aquatic resources (bycatch)
Paralonchurus spp. DD Fishing and harvesting aquatic resources (bycatch)
Stellifer spp. DD Fishing and harvesting aquatic resources (bycatch)
Urotrygon rogersi DD Fishing and harvesting aquatic resources (bycatch)

* This species is only known from a few localities in the tropical eastern Pacific.

**These species are considered to be endemics of Bahia Malaga.

Climate change and severe weather

Specific coastal zones of the bay experience continuous
terrigenous sediment deposition, transported by freshwater
run-off or by currents originating in the northern part of the
bay (San Juan Delta; Restrepo and Kjerfve, 2002). Sediments
are deposited or removed by spring tides and are also
transported when heavy rains occur (annual rainfall can
reach up to 8§m). In some areas, the amount of sediments
deposited has increased in recent years as a consequence of
deforestation in river basins.

Fishing and harvesting aquatic resources

Four major fisheries occur in the area. Manual collection of
molluscs from mudflats, sandy beaches, and mangroves, with

Copyright © 2011 John Wiley & Sons, Ltd.

four main species being exploited (Anadara tuberculosa,
A. similis, Grandiarca grandis and Iliochione subrugosa).
These activities take place mainly in the inner bay, where
mangrove forests are widely distributed.

The second major fishery is based on shrimp species
(Farfantepenaeus  brevirostris,  Litopenaeus  occidentalis,
L. vannamei, Rimapenaeus byrdi and Xiphopenaeus kroyeri).
The gear used in this fishery is a ‘mini-trawling shi-device’
called ‘changa’ comprising a small boat with two nets ¢. 2m
long on each side of the boat. This gear is extremely invasive,
disturbing the substrate and capturing a variety of non-target
species (by-catch) ranging from epifaunal, benthic and pelagic
invertebrates to small fishes. These species are usually not
retained for consumption and discarded in poor condition
or dead to the sea. By-catch marine invertebrates include
sea stars (Luidia spp. and Astropecten spp.), molluscs
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(Melongena patula, Northia pristis, Conus patricius and Terebra
robusta), crustaceans (Hepatus kossmanni, Callinectes spp. and
Squilla spp.), and cnidarians.

By-catch fish are dominated by drums or croakers
(Sciaenidae). Other families commonly captured are Ariidae
(Notarius planiceps, N. troschelli and Arius spp.), Batrachoididae
(Batrachoides pacifici and Porichthys spp.), and Engraulidae
(Anchovia macrolepidota and Anchoa spp.). Cartilaginous fishes
are also captured and are represented by different species of
sharks and rays. Tongue fishes (Cynoglossidae), large-tooth
flounders (Paralichthydae), and American soles (Achiridae) are
also important by-catch components in this fishery. In most
cases, all these species are caught before they have reached
maturity.

A third fishery uses monofilament nylon nets often with
mesh size <2 inches. To-date the effect that these artisanal
fisheries have on local resources is unknown. Fishermen’s
perceptions revealed a decline in the capture-per-unit-effort
(CPUE), and some species have not been captured in the zone
for the past 20 years (i.e. sawfish Pristis pristis). Fishermen
agreed that catches of previously important and abundant
species are now less abundant (i.e. snappers — Lutjanidae,
snooks —Centropomidae, and catfish — Ariidae). A common
view of fishermen is that the fishery is today principally based
on mullet (Mugilidae). Interviews indicate that previously
other species were frequently captured along with mullet.
It is not known if this current tendency reveals a possible
change in composition of the fish community, or if it is simply
the result of the selectivity of the fishing gear.

A recreational speargun fishery was identified in the outer
zones of the bay (Los Negritos, Figure 1) and in certain rocky
areas where it is possible to use scuba or snorkeling gears.
During surveys in the last 4 years, an increasing group of
local fishermen were observed to exploit these resources.
Target species include the Pacific goliath grouper, Epinephelus
quinquefasciatus, which is considered to be critically endangered
by the IUCN. There is also strong pressure on large snappers.
Besides fish, in these areas there are populations of the Cortez
conch (Strombus galeatus) and the pearl oyster (Pinctada
mazatlanica), which are also collected by divers.

Blast fishing in the area has been practised for at least
30 years (J.R.C.K, personal observation). This illegal activity
takes place near rock banks inside and outside the bay. Despite
it being considered rare in recent times, the use of dynamite by
fishermen in a rocky bank in the inner part of the bay occurred
during one field trip in 2009.

DISCUSSION

The TUCN Red Lists are one of the most reliable and useful
tools in the study of endangered species and conservation
planning (Hoffmann ez al., 2008). However, additional rapid
methods to identify threatened species need to be developed.
It is also imperative that [IUCN Red Lists and other methods
incorporate non-charismatic organisms, increasing the taxonomic
coverage of such classifications. A major constraint of regional
and local listings was that the original target of the [TUCN Red
List system was an assessment at the global level of entire species,
subspecies, or other taxonomic units below the level of species
(Mace et al., 2008). To overcome this problem, a series of
discussions led to new guidelines aimed at synchronizing regional

Copyright © 2011 John Wiley & Sons, Ltd.

and global assessments (Gardenfors er al.,, 1999; Gérdenfors,
2001; Miller et al., 2006, 2007). This process presents a major
challenge, in which TUCN global assessors must assist the
increasing number of people at the national level willing to use
TUCN criteria. Only in this manner will it be possible to integrate
and synchronize both assessment processes (Rodriguez, 2008).

In the TEP few studies have tried to identify threatened
marine species. The few known threatened species correspond to
widely distributed and charismatic species (i.e. mammals,
turtles, and birds). The tectonic estuary of Bahia Malaga
harbours a number of representative marine habitats and
species within the Colombian Pacific and the whole TEP region.
Mangrove habitats within the region have recently been
identified as of particular concern due to the high proportion
of threatened mangrove species (Polidoro et al., 2010). If habitat
degradation continues, many of the mangrove-associated
species will face the same threat of extinction. Most of the
endangered species identified in the present study are distributed
throughout the whole region, with very few endemic species
(see Table 4). This may be considered as a signal of low risk at
the global level. However, there is evidence that the same species
are experiencing the same threats and reductions at different
localities within the region (Saenz-Arroyo et al., 2005a; Cipriani
et al., 2008). Ultimately, global extinctions may result from the
accumulation of local extinctions within the geographical range
of a species. This picture may be similar to other areas of the
world where little is known about local resource exploitation
and habitat degradation.

Strombus galeatus and Pinctada mazatlanica populations
have suffered dramatic depletions over the past centuries in
Mexico, Costa Rica and Panama (Arroyo-Mora and Mena,
1998; Saenz-Arroyo et al., 2005a; Cipriani et al., 2008), with
their current populations facing a serious risk of extinction.
Both species are exploited in Mexico by divers in shallow water
areas in the same way that they are harvested in Bahia Malaga.
Similarly, Anadara spp. populations have been seriously
over-harvested in various areas from Mexico to Peru
(MacKenzie, 2001). Some reports draw attention to the
drastic reduction of Anadara tuberculosa and Anadara similis
populations on the Pacific coast of Colombia. For example,
near the border with Ecuador, populations of A. tuberculosa
have been seriously affected by overexploitation (Borda and
Cruz, 2004). Few reports in the past have expressed concern
for Grandiarca grandis populations. Observations in Bahia
Malaga suggest that this species has been subjected to strong
exploitation pressure in the past with several sites identified
where there were considerable accumulations of empty shells
that had built up over time. Both G. grandis and Anadara spp.
typically have low growth rates (Rodriguez, 1985). The
demand for these resources in Ecuador has dramatically
increased the pressure on them in the southern part of
Colombia. Other species, not included in the national Red
Lists that are an important part of the local economies and are
exploited for human consumption with no regulations in
the area were identified. These species include the molluscs
A. similis, Illiochione subrugosa, Melongena patula, Pinctada
mazatlanica and Strombus galeatus, and the crustaceans
Callinectes spp., Cardisoma crassum and Panulirus gracilis.

The driving forces that could increase fishing pressure and
the use of damaging fishing gears in Bahia Malaga are
associated with the increase of human population and tourism
activities. This may cause a higher pressure to supply the local
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markets and the demand for animal protein locally. Fish
catches in Bahia Malaga are mainly marketed locally with part
of the catches being sent to the main port on the Colombian
Pacific (Buenaventura). No international markets exist for
fishing products harvested in the area yet. However, some
products, such as mangrove cockles, can be marketed in
Ecuador, as they command substantially higher prices there.

The most common genera of croakers and drums caught as
by-catch in Bahia Malaga are Larimus, Paralonchurus,
Ophioscion and Stellifer. Although these species do not reach
large sizes (<45cm; Fischer et al., 1995), they are important
protein sources for local communities in the Colombian Pacific
and they are commonly found in local markets. The massive
discard of juveniles by the commercial and artisanal trawling
fisheries can lead to population depletions of these species,
which are mostly endemic to the eastern Pacific region.
Unfortunately, no data on population trends and/or biology
exist for these species. Therefore, we have categorized this
group of species as data deficient in Bahia Malaga and
recommend further monitoring in order to assess the state of
these populations.

Probability of local extinction tends to be higher in species
with restricted geographical ranges, yet the simple measure of a
species’ geographical range may not be sufficient to determine
its vulnerability to extinction. A group of endemic species have
been reported for Bahia Malaga (see Table 3). These species,
although rare, may have wider geographic ranges if
appropriate sampling effort is put into adjacent areas of the
region, and may be threatened by habitat destruction, caused
by sedimentation and pollution. Rarity is a possible criterion
to establish the vulnerability of some species, mainly in areas
such as Bahia Malaga, which has variable climatic cycles and
strong sedimentation processes. Very small populations may
be susceptible to demographic stochasticity.

Three species may have disappeared from Bahia Malaga in
recent years: the sawfish Pristis pristis and the corals
Pocillopora damicornis and Pocillopora capitata. Pristis pristis
is extremely vulnerable to by-catch in virtually all fisheries
throughout its Atlantic and Eastern Pacific range. The
remaining populations are critically endangered in the whole
region. In Bahia Malaga it has not been caught in the last
20 years. Pieces of Pocillopora spp. accumulated as debris are
found around rocky areas in the inner part of the bay; this may
be indicative of an ancient presence of this species in the area.
A single report of live colonies of one of these species was
made in the 1990s in the outer part of the bay (Escobar and
Neira, 1992). Small colonies have been found in several rocky
areas outside the bay, but not in the inner part. Increasing
sedimentation from the adjacent San Juan Delta and from the
dredging activities associated with the port at Buenaventura
are the most important threats for Pocillopora species in Bahia
Malaga. Other threats known to affect coral reefs along the
Pacific coast of Colombia such as ENSO, and periodic
exposure to air during extreme low tides, do not affect corals
in Bahia Malaga. Human threats, such as tourism and
domestic pollution, although present, do not affect the areas
were coral colonies are found.

Despite the limited biological information about most marine
populations in the area, it is necessary to design strategies that
allow species extinction risk assessments. Together with other
biological and socio-economic considerations, these assessments
are the best way to assign conservation priorities to species
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(Miller et al., 2006; 2007). In this context, the present effort is
one of many useful approaches to be implemented in areas
where habitat destruction and marine resource exploitation are
increasing rapidly and conservation resources need to be
efficiently targeted. The use of TEK plays a fundamental role
in assessing the extinction vulnerability of species in these areas.
This knowledge is also extremely useful to detect ‘shifting
baselines’ syndromes (Saenz-Arroyo et al., 2005b), which
may prevent accurate species extinction risk assessments.
Nevertheless, the interpretation of TEK must be accompanied,
when possible, by biological studies (Silvano and Begossi, 2010),
or by verification of specialists in the field (Huntington, 2000).
The present analysis sets a baseline for further biological studies
with more quantitative approaches that could reinforce the
findings for the species identified as threatened within this
estuary. The increase of human activities in the area in the future
is likely to affect environment conditions and will probably
accelerate habitat loss, pollution, and increase the pressure on
the marine species currently exploited. The creation of this
regional red list may stimulate more biological data collection in
Bahia Malaga to fully understand the population trends of the
species identified as threatened and will further encourage the
generation of new regional red lists elsewhere in the tropical
eastern Pacific region.
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