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Figure 4 (a) Distribution of coral and
octocoral species richness in coral reefs and
coral communities of the Las Perlas
Archipelago marine protected area (black
polygon), based on the species richness
categories: high (> 38), moderate (19–38)
and low (< 19). Watersheds, rivers and the
El Rey Hydrological Reserve (red polygon)
are shown. (b) Distribution of live coral
cover in coral communities in Las Perlas
Archipelago, in categories: high (> 40%),
moderate (20–40%) and low (< 20%).
Numbers indicate sites (Appendix 2, see
Supplementary material at URL
http://www.ncl.ac.uk/icef/EC_
Supplement.htm).
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In the Las Perlas Archipelago, we did not find the positive
relationship between coral cover and species richness found
around Isla Coiba in the neighbouring Gulf of Chiriquı́
(Guzman et al. 2004). In fact, we found the reverse for coral
communities, suggesting there is no standard conservation
‘formula’ for the maintenance of biological diversity associated
with reefs in the region, but that a surveying landscape
approach may help to define priority areas or, in some cases,
a species-specific approach could be taken (Beger et al. 2003).
It is expected that the bigger the area the more variable will be
the mosaic of habitats, and the greater the species diversity.
Some areas (such as Isla Galera, Isla San Telmo, Isla Camote,
Isla Monte, Bajo Trollope, the south and west coast of Isla
San Jose, the south-west shore of Pedro Gonzalez, Pacheca
and Pachequilla islands) had high species richness but in most
cases low coral cover (Fig. 4). Where live coral cover was
highest (for example on the north and east shores of Isla
Contadora, southern Isla Chapera, Isla Mogo Mogo, north
shore of Isla Pedro Gonzalez, west San Jose, San Pedro and
San Pablo islands), coral species richness tended to be lower.
These were coral reef sites; thus the typical coral reef structure
of this region, which forms almost monospecific swaths of reef
(mainly built up Pocillopora damicornis), does not appear to be
conducive to diverse species assemblages. This has important
ramifications for planning priority areas for protection in the
archipelago and elsewhere across the TEP because the areas
with most live coral cover (i.e. the coral reefs) alter from those
with high species diversity (generally coral communities for
the TEP). Pocillopora damicornis reefs in Las Perlas and the
rest of the TEP do not provide suitable environment for the
growth of different species because ‘structural species’ do not
create an adequate substrate and resource that can then be used
by other species (‘interstitial species’), and therefore may not
contribute to maintenance of coral diversity (sensu Reyers et al.
2002). Subtidal rocky habitats dominate at the landscape level
and are important for marine reserve selection.

The coral communities of the archipelago differed in
species composition and had higher species richness than
typical Pacific Panama coral reefs (Guzman et al. 2004). Coral
communities also differed in benthic composition, with a
higher cover of octocorals, which occur less frequently on coral
reefs. The MSMZ management plan should therefore include
a significant proportion of coral communities (for example
Bajo Trollope, the whole of San Jose Island, southern coast of
Pedro Gonzalez Island, and San Telmo, Galera, Mogo-Mogo
and Pachequilla islands) in fully protected marine reserves.
Clearly conserving the maximal species richness within a
minimum area does not necessarily ensure the maintenance
of biodiversity as a whole and the inclusion of species
assemblages with associated environmental gradients should
ensure conservation of biodiversity patterns and processes at
a larger scale (sensu Reyers et al. 2002).

We found several species previously thought to be rare
during our survey, including Gardinoseris planulata (Glynn &
Ault 2000; but see Guzman et al. 2004), Pocillopora eydouxi,
Pocillopora inflata (Mate 2003; but see Guzman et al. 2004) and

Pavona cf. duerdeni (Guzman et al. 2004). We also identified
areas with recently described new octocoral species, such as
Pacifigorgia smithsoniana (Breedy & Guzman 2004). Excluding
ahermatypic coral species, we found 56 coral species, 17 less
than in the Gulf of Chiriquı́ (Panama’s hot spot; Guzman &
Breedy 2007) and 14 more than Caño Island (Costa Rica’s
hot spot; H.M. Guzman unpublished data 2008). Review of
regional coral diversity representativeness is desirable with
a view to better designing small-scale reserves across the
TEP (Kati et al. 2004) and beyond sites currently considered
priority along the biological corridor. In order to design this
TEP reef network, recent biogeographical analysis (Glynn
et al. 2007), understanding of short-distance larval dispersal
and self-recruitment (Levin 2006) must be considered, and
comparable survey methodologies used to identify potential
areas.

Conserving Panamanian and offshore Costa Rican
reefs (Guzman & Cortes 2007) is essential to restoring
natural processes elsewhere along the biological corridor.
Connectivity across the TEP biological corridor and its marine
ecoregions is possible (Wellington & Victor 1992; Lessios
& Robertson 2006), however even if population sources are
identified, regional recruitment may depend on anomalous
or occasional hydrographic events (Salomon et al. 2006). For
instance, based on observed recovery Panamanian Pacific reefs
have the potential for self-recruitment (Guzman et al. 2004;
this study). Reefs may serve as a coral and fish larvae source
restoring downstream northern reef areas bathed year-round
by the prevailing Costa Rican coastal current as far as the
Gulf of Tehuantepec (Guzman & Cortes 1993; Kessler 2006),
or southward during the interannual flow of the ‘Panama
Current’ that reaches as far as the Galapagos Islands (Glynn
et al. 1991; Glynn & Mate 1996; Glynn 2003; Kessler 2006;
but see Cowen et al. 2002; Levin 2006).

We designed this comprehensive survey to evaluate and
describe the types, species composition and distribution of
coral habitats of the Las Perlas Archipelago. The number of
islands and islets and the complexity of the coastline required
increased effort and the large sampling scale adopted in this
study. The survey methods increased the chance of finding
the majority of coral and octocoral species, provided a more
comprehensive assessment of the archipelago’s coral reefs and
coral communities and their diversity than previous studies
(reviews in Glynn & Mate 1996; Mate 2003) and should be
extended to other areas across the TEP. This study is vital
to the process of designating this area as a MSMZ and,
as it provides information about the locations of areas with
high coral species richness and cover, may prove useful in
determining future no-take marine reserves zoning.

Finally, we consider the main anthropogenic threats to the
coral reefs and communities of the islands are overfishing,
sedimentation and tourism. Several fish species (such as
snapper, grouper and anchovy) were fished in the waters of the
archipelago, as were shellfish species (such as spiny lobsters
and prawns). We expect that the new fishing regulations
implemented within the MSMZ will reduce or control
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this impact on the ongoing recovery of reefs. Thus, the
proposed no-take areas may enhance altered trophic cascades
in other areas within the MSMZ and outside its border
where existing regulations permit artisanal fishing (sensu
Lubchenco et al. 2003; Mumby et al. 2006). Sedimentation
and run-off from land can cause localized smothering of
corals, hence tourism and associated coastal development
arguably poses the greatest current threat to the coral reefs and
communities of the archipelago. If not effectively managed,
such development could result in increased sedimentation
during the construction phase, chronically polluting the coral
habitats.
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and A. Lam for logistical field support, and J. M. Guevara for
the maps. The project was partially funded by the DEFRA
Darwin Initiative Fund, Heriot-Watt University (UK), and
the Smithsonian Tropical Research Institute. We thank the
Government of Panama for providing the permits to collect
and work in the country and in marine protected areas.

References

Allen, G.R. & Robertson, D.R. (1994) Fishes of the Tropical Eastern
Pacific. Honolulu, Hawaii, USA: University of Hawaii Press.

Beger, M., Jones, G.P. & Munday, P.L. (2003) Conservation of coral
reef biodiversity: a comparison of reserve selection procedures for
corals and fishes. Biological Conservation 111: 53–62.

Benfield, S.L. (2005) Mapping coral reefs and associated sublittoral
habitats: a comparison of optical remote sensors and image
classifiers and a study of the community structure of reef-
associated fish. Ph.D. thesis, Heriot-Watt University, Edinburgh,
UK.

Benfield, S., Baxter, L., Guzman, H.M. & Mair, J.M. (2008) A
comparison of coral reef and coral community fish assemblages
in Pacific Panama and environmental factors governing their
structure. Environmental Biology Fishes (in press).

Breedy, O. & Guzman, H.M. (2004) New species of the gorgoniian
genus Pacifigorgia (Coelenterata: Octocorallia: Gorgoniidae) from
the Pacific of Panamá. Zootaxa 541: 1–15.
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