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IV. NARRATIVE STATEMENT

1. Introduction

Marine ecosystems have been subject to unprecedented levels of anthropogenic
disturbance over the past century. Today’s oceans face formidable, chronic threats such
as coastal development, overfishing, habitat alteration, pollution, and the introduction of
exotic species (PEW Ocean Commission, 2003). Conservation and management
programs seek to reverse the ecological declines associated with these threats. An
essential first step for such management is the establishment of ecological and economic
baselines against which any future variation in the system can be measured. At present,
such time series or baselines are nonexistent for most marine systems (Jackson 1997,
2001; Dayton et al. 2000).  Understanding anthropogenic impacts and predictions of
future change are limited without a baseline, and rigorous evaluation of management
actions is rendered impossible.

The Revillagigedo Archipelago is a group of four volcanic islands that lie
approximately 400 miles southwest of Baja California (Figure 1). Although relatively
unstudied, the marine ecosystems of the archipelago are known to be largely undisturbed
and harbor abundant populations of sharks, rays, and large pelagic fish that attract
recreational divers from around the world. Current evidence suggests that these islands-
Socorro, Clarion, San Benedicto, and Isla Roca Partida- can provide essential information
on the community structure and function of healthy marine ecosystems in the Eastern
Tropical Pacific.

Human activity is largely absent from the Revillagigedo Islands due both to their
isolation from the mainland and the use of Socorro as a military base. However, the
islands support a small dive tourism industry. Tourism operations are based out of Cabo
San Lucas and La Paz. An estimated 1,200 to 1,500 tourists visit the archipelago each
year between November and May on approximately 70 to 80 diving cruises.  There are no
data about the catch of the almost entirely illegal sport fishery, which targets primarily
billfish, tuna, groupers and snappers.   The limited legal catch-and-release fishery pay
fishing permit fees to Mexico, although none of these fees are currently allocated to the
support of the marine reserve (CONANP, unpublished data).

The islands of the Revillagigedo Archipelago present a unique and invaluable
opportunity for marine conservation and research in Mexico. The diversity and health of
Revillagigedo Archipelago ecosystems have already attracted national and international
notice; conservation efforts are underway to mitigate the threats to both the terrestrial and
marine communities. Realizing the unique ecological resources of the archipelago,
Mexico has taken steps in the last decade to ensure that the ecosystems are protected and
improved.  A Biosphere Reserve was established around the islands in 1994 (Ortega et al,
1995), and in 1996 the Comité Cientifico para la Conservacion y Restauracion del
Archipielago Revillagigedo was formed for the express purpose of protecting
Revillagigedo. In 2002, Mexico declared a 12-mile area around the Revillagigedo Islands
a no-take marine reserve.
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Figure 1.1. The islands of the Revillagigedo Archipelago, Mexico. Images obtained
from Google Earth.
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2. Project Objectives

The objective of the project was to establish an economic and ecological baseline
for the marine system of the Revillagigedo Archipelago, México. The baseline provides
the first quantitative data for the marine fish and macroinvertebrate communities,
including information about distribution, abundance, biomass and value to the tourism
trade. Comparisons between Revillagigedo and similar regions in the Gulf of California
contrast the structure and the economic value of the relatively pristine Revillagigedo
marine systems and relatively degraded Gulf systems. Combined, the economic and
ecological date from this project could serve as a basis for the monitoring and research
program proposed in the management strategy plan (Ortega et al., 1995) of the Biosphere
Reserve.

3. Results

3.1.  Marine Baseline

3.1.1 Introduction

Marine ecosystems include complex networks of organisms spanning expansive
phylogenetic, morphological, and physiological spectra: from bacteria to plankton to
pelagic sharks. Nevertheless, significant insight on the function, as a whole, of a
particular ecosystem can be gained by focusing on species or groups of primary
importance. In this study, we quantitatively examine three groups of organisms
fundamental to the Revillagigedo ecosystem: macroalgae, macroinvertebrates, and
benthic fishes. We also qualitatively examine large pelagic species such as mantas,
sharks, and jacks. These groups span multiple trophic levels, from primary producers at
the base of the food web to top carnivores.

The biological surveys that serve as the foundation of our marine baseline were
performed on a series of cruises onboard the Nautilus Explorer (Feb-Mar 2006) during
which we visited sites around all four islands of the archipelago (Figure 1).  As the
Nautilus Explorer is a dive tourism vessel, our sampling sites were restricted to areas
chosen for recreational dives. Thus, our spatial coverage of those smaller of the four
islands is more comprehensive than that of the larger. However, collaboration with a
recreational dive vessel such as the Nautilus allowed us to sample the very areas
frequented by divers, and to study the interactions between the divers and the biological
environment (see Section 2.3). Furthermore, our analysis of community structure within
given habitat types (i.e. boulder fields or seamounts) shows agreement between large and
small islands, suggesting that differential sampling extent did not largely bias the
resulting ecological patterns observed.

As the physical structure of a given habitat (relief, rugosity, availability of shelter
or crevices) often influences the associated biological communities, we analyze
community structure within particular habitats in addition to comparisons between habitat
types. The habitats examined in this study include boulder fields (small and regular),
vertical walls, lava flows, seamounts and flat reefs, and represent the full spectrum of
habitat types found in Revillagigedo benthic communities.  The island of Roca Partida is
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treated as a distinct habitat type. As the neck of an old volcano, Roca Partida is a tiny
island (less than 300 m in circumference) composed entirely of steep wall habitats.  This,
in combination with strong currents, allows for an entirely different community structure
to flourish around the island.

Finally, the data on biological assemblage composition and structure obtained
during this study for the Revillagigedo Archipelago were compared with similar data
from the Sea of Cortez collected by SIO researchers and collaborators during the fall of
2005.  The areas surveyed in the Sea of Cortez have experienced consistent and growing
fishing pressure far exceeding that placed on Revillagigedo assemblages. By comparing
these analogous data sets, we can begin to understand how the effects of island
biogeography and protection from fishing pressure interact to structure offshore
communities.  Additionally, our data from Revillagigedo lend insight to how the marine
communities of the Gulf of California my have been structured before being subject to
intense fishing pressure.

3.1.2  Algae

Methods

Algal assemblages were surveyed by sampling along transects at 10 to 30 m
depth, with transect length varying between 5 and 30 m. Presence/absence and relative
abundance of algal species were estimated using quadrate surveys, recording all algal
species in a 20 cm x 20 cm frame placed haphazardly at multiple points along the
transect. Percent cover was estimated visually over the entire transect length, and
included sponges, coral and other dominant substrate types. Regulations associated with
the Revillagigedo Biosphere Reserve prohibited us from collecting algal samples for
further taxonomic identification or biomass approximation, and algal transect surveys
were conducted on only three of the four islands (Socorro, Clarion, and San Benedicto).
The area surveyed comprised approximately the same area covered by the fish transects
(see sections below).

Results

The algal communities found in the Revillagigedo Islands are in general very similar
between sites. The main genera / species of algae found are reported below in Table 1.

Description of the sites visited

San Benedicto: The Canyon
The general algal seascape was quite homogeneous from 10 to 30 m depth. The

rock was dominated (ca. 95% cover) by algal turf (1 – 2 cm height) and some coralline
encrusting algae (rare); no large algae were present. The main turf-forming species were
Asparagopsis taxiformis (Falkenbergia stage), Polysiphonia spp and Cladophora spp, as
well as red coralline algae of the genera Jania and Amphiroa. The green algae Neomeris
vanbosseae was also very abundant, though patchy in distribution. Several erect brown
fleshy algae of the genera Padina and Dictyota were present, although the only erect
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fleshy algae which achieved more than 2cm height was the red algae Laurencia cf.
pacifica, which was typically between 5 and 10cm high.

Table 1.1 Dominate Marine Algae of the Subtidal Communities of Revillagigedo

CHLOROPHYTA RODOPHYTA PHAEOPHYTA
Caulerpa racemesa Amphiroa dimorpha Dictyopteris spp
Cladophora spp Amphiroa spp Dictyota spp
Dictyosphaeria versluysii Asparagopsis taxiformis Lobophora variegata
Neomeris vanbosseae Gelidiella spp Padina spp

Gracilaria spp Ralfsia spp
Hildenbrandia sp Rosenvingea intricata
Jania spp
Laurencia cf. pacifica
Lithophyllum spp
Lithothamnion spp
Peyssonnelia spp
Polysiphonia spp

San Benedicto: The Boiler
This site is characterized by a turf-dominated landscape, with some erect algae

(not higher than 2 – 3 cm) and abundant sponges (Aplysina cf. fistularis). We also
observed the presence of cyanobacteria mats. From 10 to 15 m the dominant species of
algae were encrusting red algae of the genera Peyssonnelia and Hildenbrandia cf, turf
algae of the genera Gelidiella and Cladophora, as well as the green algae Dictyosphaeria
versluysii, the erect green algae Caulerpa racemosa and the erect brown algae
Dictypoteris spp, which was often 10 – 15 cm tall.

Between 25 and 30 m, the main algae present were encrusting red coralline algae
(Lithophyllum spp, Lithothamnion spp) as well as the brown encrusting algae Ralfsia, and
turfs. The main erect algae found were erect coralline algae of the genera Jania and
Amphiroa, turf-forming algae of the genera Polysiphonia and Cladophora, brown erect
fleshy algae (Padina spp, Dictyota spp, Dictyopteris spp), and red fleshy algae of the
genera Laurencia. Clumps of the green algae Neomeris vanbosseae were also abundant.

Socorro: Naval Base
Two different areas with distinct algal communities were observed in this area.

On the one hand, there was an area along the edge of a lava flow which was a complete
barren (0-15m depth) dominated by bare rock, barnacles, and some encrusting red
coralline algae. Sea urchins (Diadema mexicanum) and small sea stars (Acanthaster, ca
3cm diameter) were very abundant. In addition, some patches were covered in
cyanobacteria. The presence of cyanobacteria and of echinoderms could be indicative of
a local influence of nutrients and organic matter.  On the other hand, boulders at (5m)
were dominated by erect algae and turf (e.g. Dictyota spp, Padina spp) (85%) alternating
with some barrens (15%). Most of the time (75%) erect algae (Dyctiota spp) covered
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100% of the rock. The green algae Nemoeris vanbosseae and the erect red algae
Asparagopsis taxiformis presented a very patchy distribution.

Socorro: Cabo Pierce
The general algal seascape was quite homogeneous. The rock was dominated (ca.

90% cover) by turf-forming algae (1 – 2 cm height), coralline encrusting algae (ca. 30%)
and some red encrusting algae (Peyssonelia spp, ca 6%); some erect algae of the genera
Dictyota were present (ca. 13%), although they were not very developed (ca. 1- 4 cm
height). The main turf-forming species were Asparagopsis taxiformis (Falkenbergia
stage) and Polysiphonia. The green algae Neomeris vanbosseae was present but rare. On
the contrary, the sponge Aplysina cf. fistularis was fairly abundant (ranging from ca 15 to
65% cover).

Roca Partida
This site exhibited some peculiarities, which were not observed on the other sites

examined, presenting the lowest diversity and abundance of algal species. Barnacles
dominated the substrate down to 12-15 m, while high densities of the sea urchin Diadema
mexicanum created barrens below that depth. Where urchins were absent, the landscape
was characterized by a full dominance of encrusting brown (Ralfsia sp) and red
(Peyssonnelia spp and Hildenbrandia sp) algae and encrusting bryozoans (unknown
species) on the shallow area (12 – 22 m depth). In deeper waters (ca. 24 m), turf-forming
species (e.g. Polysiphonia sp) as well as some Dictyosphaeria versluysii were also found.
No large macroalgae were present on this island within the depth range studied (ca. 10-30
m).

Discussion

The algal communities found in the Revillagigedo Islands sampled are
characterized by turf-forming and encrusting algae, comprising very low biomass, but
covering most of the substrate, except when high densities of the sea urchin Diadema
mexicanum are present (e.g. Roca Partida and the site ‘Navy Base’ on Socorro). The
species composition of the algal communities is very similar to those found on shallow
rocky reefs in the Sea of Cortez (Tomas unpublished data), except for the absence of
large macroalgae such as Sargassum spp. The lack of conspicuous macroalgae in the
sampled sites may be due to several factors. On the one hand, the sampling took place at
the beginning of spring, when algal development has not been fully achieved, which may
explain why most of the erect fleshy algae (e.g. Dictyota spp, Dictyopteris sp, Laurencia
cf pacifica) were very small. The high abundance of herbivores in some sites (mostly sea
urchins), may also be contributing to the maintenance of low-biomass turf-dominated
algal communities, not allowing the development of large canopies. Although forest-
forming algae such as Macrocystis pyrifera and Sargassum spp have been reported in this
archipelago (Appendix 1) we did not record them on the sites sampled. One possibility is
that the other studies were conducted in other areas / habitats. In any case, the
hydrographic conditions of this archipelago, which is on the border between the
oligotrophic North Equatorial current and the nutrient-rich California current (Lluch-
Costa et al. 1995), would probably not allow the development of kelp forests, which do
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not survive in warm nutrient-poor waters (Witman & Dayton 2000). In addition, Roca
Partida, a unique site in comparison to the other islands studied as it is much smaller (ca
100 m long per 20 wide), isolated (Ortega et al. 1995), and consists mostly of exposed
vertical walls from the shallows to the ocean floor, is generally not suitable for forest-
forming macroalgae such as Sargassum spp or Macrocystis pyrifera, which need flat
substrates to develop on (Witman & Dayton 2000).

3.1.3  Macroinvertebrates

Methods

For the purposes of this study, only benthic macroinvertebrates larger than 1 cm
were surveyed. The groups included in these surveys were: Porifera (sponges), Cnidaria
(hydroids, corals and sea fans), Mollusca (sea snails, clams and octopus), Crustacea
(crabs and lobsters), Echinodermata (sea stars, sea urchins and sea cucumbers), and
Urochordata (sea squirts). We surveyed four habitat types: big boulders (> 1m), small
boulders (< 1m), walls and flat reefs. In each habitat we estimated the species richness,
abundance and size structure of macroinvertebrates. SCUBA transects were conducted
along isobaths at 10, 20, 30 and 40 m depth. Surveyed areas were 30 m long by 1 m wide
at 10 and 20 m depths but shortened to 15 m x 1 m at 30 and 40 m depth to reduce diver
bottom time. Every depth, habitat and site was surveyed by a minimum of 3 transects
(Appendix 1). Total length of invertebrates was estimated to the nearest 2 cm with the
help of a graduated PVC tube. Additionally, habitat characteristics and relative species
distribution were noted on each transect.

Results

Species Richness
A total of 60 species of rocky benthic macroinvertebrates were recorded. Fifty-six

species were counted within strip transects and four species were seen during
supplemental dives conducted to identify rare species (Appendix 2).  Corals and sea fans
were the most species-rich groups with 23 species, followed by echinoderms with 7
species of sea cucumber, 5 species of sea urchin, and 3 species of sea stars (Figure 1.2).
Within the >1cm macroinvertebrates, only the gastropod Latirus socorrensis has been
declared as endemic to the Revillagigedo. However, distinct morphological
characteristics in seven additional organisms indicate that they should be elevated to the
level of endemic species (Carlos Sanchez, personal observations). This is true for the
sponge Aplysina cf. fistularis, the mollusk Spondylus spp, and five sea fans (one
Eugorgia, two Pacifigorgia and three Muricea species).

The total number of macroinvertebrate species sampled varied between islands as
well as between habitat types. Forty-one species were recorded on Socorro, followed by
San Benedicto with 36 species, Clarion with 33 species and Roca Partida with 26 species.
Grouping by habitat type across islands, 40 species were recorded in vertical wall
habitats, 32 in boulder fields and 31 in flat reefs. Groupings within trophic group across
all species sampled, suspension feeders are the most specious group (32 spp), followed
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by carnivores (16 spp), detritivores (6 spp) and herbivores (5 spp). The distribution of
species richness per trophic group is similar in all habitats.

Figure 1.2. Number of macroinvertebrate species by Phylum.

Density
The sixteen species most common across the four islands represent 90% of all

individuals recorded, with more than 50% of frequency of occurrence in all transects.
These species are the sea urchins Eucidaris thouarsii, Tripneustes depressus, and
Diadema mexicanum, the sponge Aplysina cf. fistularis, the cup coral Tubastrea
coccinea, the hard corals Pocillopora eydouxi, P. effusus, P. verrucosa, P. elegans,
Porites lobata , Psammocora profundacella and Pavona gigantea , the sea fan
Leptogorgia sp., the sea cucumber Isostichopus fuscus, the clam Spondylus sp. and the
endemic gastropod Latirus socorrensis. Although not listed above, the sea fan Muricea
apressa and Muricea spp 1, are very common in Roca Partida especially at greater
depths.

Roca Partida, the smallest of the four islands, had the highest number of
individuals per square meter both when compared to the other islands (Figure 1.3a) and
when compared to the other habitats (Figure 1.3b). The number of individuals per square
meter on Roca Partida increased with depth (Figure 1.5). Following Roca Partida, vertical
walls had the second greatest density of invertebrates, more than twice that of small
boulder habitats (Figure 1.3b).



13

Figure 1.3. Density of macroinvertebrate species in Revillagigedo and
the Gulf of California.

Trophic Structure
Planktivory and herbivory are clearly dominant feeding modes among

invertebrate assemblages in the Revillagigedo Archipelago, these two groups comprise at
least three times the density of carnivores and detritivores (Figure 1.3c and d). Herbivory
and planktivory also dominate over carnivory and detritivory in the Gulf of Mexico,
though the relative density of herbivorous invertebrates in comparison to planktivorous
invertebrates is less than _ in unprotected sites (Figure 1.3e) compared to a ratio close to
one for protected sites and sites in Revillagigedo (Figure 1.3c,f).  The density of trophic
groups has a distinctive pattern between habitat types. Walls are dominated by
planktivores and herbivores, and flat reefs by planktivores and detritivores.  Density of
individuals is most equitable between the four trophic groups in small boulder habitats.
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Figure 1.4. Density of macroinvertebrate species in Revillagigedo islands and habitats.

The distributions of trophic groups described above can be further elucidated by
consideration for patterns of within-group species composition between sites and
habitats. The most abundant planktivores (suspension feeders) on the four Revillagigedo
islands were the sponge Aplysina cf. fistularis (not including Roca Partida), the cup coral
Tubastrea coccinea, the hard corals Pocillopora eydouxi and P. effusus, the sea fan
Leptogorgia spp and the oyster Spondylus spp. Carnivores were typified by the sea urchin
Eucidaris thouarsii, the crown-of-thorn sea star Acanthaster planci, the lobster Panulirus
penicillatus and the endemic gastropod Latirus socorrensis. The sea urchins Diadema
mexicanum (except for Socorro) and Tripneustes depressus dominated the herbivores
while the sea cucumbers Isosticophus fuscus and Holothuria leucospidota (excluding
Roca Partida) dominated the detritivores.

The abundance of species within trophic groups in the Sea of Cortez was
investigated to contrast with Revillagigedo. While the Sea of Cortez shares some of the
dominant species of the Revillagigedo, also present among the most abundant
planktivores (suspension feeders) were the hydroids (Aglaophenia spp. and Lytocarpus
nuttingi), the sponges Aplysina fistularis  and A. gerardogreeni, the cup coral Tubastrea
coccinea, the sea fans Muricea apressa and Leptogorgia rigida, the hard coral Porites
panamensis and the ascidian Archidistoma pachecae.  Carnivores were dominated by the
sea urchin Hesperocidaris asteriscus, the gastropods Hexaples princeps, Conus spp. and
Thais sp, and the sea stars Pentaceraster cumingi, Pharia pyramidatus and Phataria
unifascialis . Herbivores were predominantly composed of the sea urchins
Centrostephanus coronatum and Tripneustes depressus, Diadema mexicanum and the sea
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star Phataria unifascialis. Detritivores were poorly represented, though typified by the
sea cucumbers Isosticophus fuscus and Holothuria impatiens.

Figure 1.5. Density of macroinvertebrate species between islands and depth.

Size Frequency Distribution
The size distribution of trophic groups was comparable on all four islands.

However, size distributions differed dramatically between different trophic groups. The
majority of planktivores and carnivores were less than 15 cm in length, while the median
length of herbivores and detritivores was greater than 15 cm with most individuals falling
between 15 and 30 cm. The size range of planktivores (2-50 cm) was much larger than
that of other groups. These patterns hold true across habitat types (Figure 1.6).

The size distribution of each trophic group in the protected and unprotected sites
follows a similar pattern as in Revillagigedo. The distributions are skewed to the right,
with trophic groups dominated by small individuals. Again, plankitvores have individuals
across a wide size spectra (2 – 40 cm), whereas the other three groups span a narrower
span of size classes.  In contrast to Revillagigedo, the majority of carnivorous and
planktivorous invertebrates are smaller than 10 cm in length. Lengths between 5 and 20
cm typified both herbivores and detritivores.
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Figure 1.6. Macroinvertebrate length distribution by habitat.


