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ABSTRACT. From the beginning of the 19th century on, several small sampling trips as well as large national
and international scientific expeditions have been carried out to Easter Island (El) and Salas y Gémez Island
(SGI). The objective of this study is to compile, synthesize and analyze published information about the
biodiversity of macroalgae, macroinvertebrates and fishes associated with EI-SGI, updating the state of
knowledge and making it available for the development of conservation plans. We searched all the available
sources of information, such as scientific publications, scientific expeditions, fisheries data, technical reports,
books, databases and online sources. We found 964 species reported within EI-SGI (143 species of macroalgae,
605 macroinvertebrates and 216 fishes), the majority for EI (923); for SGI 171 species have been reported.
Species richness has increased over time, without leveling off, as sampling effort increases. However, seamounts
and hydrothermal vents have been poorly studied in Chile’s Exclusive Economic Zone (EEZ). A high percentage
of endemism has been determined for the majority of the taxonomic groups, with mollusks and poriferans
exhibiting the highest levels of endemism (33-34%). Thus, the Rapanuian biogeographic province can be clearly
identified, but information to differentiate between El and SGI, and direct island-specific conservation efforts,
is lacking. Nevertheless, the most vulnerable yet unprotected habitats (hydrothermal vents, higher diversity of
seamounts size) are located towards the western limit of the EEZ.

Keywords: biodiversity, biogeography, endemism, oceanic islands, seamounts, hydrothermal vents, Chile.

Sintesis del estado del conocimiento sobre la riqueza de especies de macroalgas,
macroinvertebrados y peces en aguas costeras y oceanicas de Isla de Pascua e

Isla Salas y Gomez

RESUMEN. Desde el comienzo del siglo XIX varios muestreos y expediciones cientificas nacionales e
internacionales se han realizado en las islas de Pascua (IP) y Salas y Gdmez (ISG). El objetivo de este estudio
es compilar, sintetizar y analizar la informacién publicada sobre biodiversidad de macroalgas, macro-
invertebrados y peces asociados a IP-1SG, actualizando el estado del conocimiento y haciéndolo disponible para
planes de conservacion. Se realizaron blsquedas de diferentes fuentes de informacién (publicaciones,
expediciones, datos pesqueros, reportes técnicos, libros y bases de datos online). Se han reportado 964 especies
(143 especies de macroalgas, 605 de macroinvertebrados y 216 de peces), la mayoria para IP (923); para ISG se
reportaron 171 especies. La riqueza de especies continlia aumentando en el tiempo, a medida que aumenta el
esfuerzo de muestreo. Sin embargo, montes submarinos y fuentes hidrotermales han sido escasamente
estudiados en la Zona Econémica Exclusiva de Chile (ZEE). El alto porcentaje de endemismo estimado para la
mayoria de los grupos taxonémicos permite identificar claramente la provincia biogeografica Rapanuiana. El
mayor nivel de endemismo lo exhiben moluscos y poriferos (33-34%). La informacién disponible no permite
identificar diferencias entre la fauna y flora marina de IP e ISG, ni definir esfuerzos de conservacion hacia
objetos particulares de cada isla. No obstante, es posible sugerir que los esfuerzos de conservacion deberian
enfocarse en los habitat mas vulnerables aln no protegidos, ubicados hacia el limite oeste de la ZEE (fuentes
hidrotermales y diversidad de tamafios de montes submarinos).
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INTRODUCTION

Easter Island and Salas y Gomez Island are located on
the Nazca Plate in the southeast subtropical Pacific and
are the only visible peaks in a chain of now submerged
seamounts in the Salas y Gémez Ridge (DiSalvo et al.,
1988). This ridge extends more than 2900 km from east
to west with its western limit coinciding with the
Exclusive Economic Zone (EEZ) of Easter Island. At
its eastern limit, the Salas y Gémez Ridge merges with
the western edge of the Nazca Ridge (Gélvez-Larach,
2009). The Salas y GOmez Ridge is 200 km wide on
average and includes seamounts of different sizes and
elevations, the tallest of which are over 4000 m above
the ocean floor (Rodrigo et al., 2014). It is important to
emphasize that Easter Island and Salas y Gomez Island
are 3700 and 3400 km apart from the South American
continent, respectively, in a context of extreme
isolation since the nearest islands are Pitcairn Island
2,250 km to the west, Juan Ferndndez Island 3140 km
to the east, and the Galapagos Islands 3872 km to the
northeast. Furthermore, these islands are very young
(2.5 and 2 million years old respectively) and very
small (Easter Island: 164 km? and Salas y Gomez
Island: 2.5 km? Newman & Foster, 1983) in
comparison with other Pacific Islands (i.e., Hawaii:
16,760 km? Galapagos: 7,845 km?; Boyko, 2003).
Together, these factors affect the characteristics of the
marine ecosystems associated with Easter Island and
Salas y Gomez Island (Newman & Foster, 1983), which
have been studied for almost 200 years.

From the beginning of the 19th century on, several
small sampling trips as well as large national and
international scientific expeditions have been carried
out, mainly focused on Easter Island (Table 1). The first
reported species is from 1833 [the mollusk Nerita
(Heminerita) morio], collected by the "Discoverer"
during a brief stay at Easter Island. The first crustacean
reported from Easter Island was collected by the first
Chilean Expedition conducted in the island, and it was
the lobster we know now as Panulirus pascuensis. The
Albatross Expedition from 1904 to 1905 is the first
registered expedition, which obtained corals, crusta-
ceans, echinoderms, mollusks and polychaetes (Table
1). Shortly after, a Chilean Expedition (1911) collected
a few specimens of cnidarians, crustaceans, echino-
derms, mollusks and polychaetes. In 1917 the Swedish

Pacific Expedition arrived at the island and collected
holothurians, mollusks and polychaetes. The French-
Belgian Archaeological Expedition arrived in 1934 and
also collected biological material such as crustaceans,
mollusks and polychaetes. At the end of that year, the
ship "Mercator" arrived and contributed to the
collection of specimens of crustaceans and mollusks
that later allowed taxonomic revisions (Holthuis, 1972;
Rehder, 1980). In 1958 the Downwind Expedition
visited Easter Island obtaining small collections of
cnidarians (corals), echinoderms and crustaceans.
Concurrently, the Soviet investigation ship "Ob"
collected mollusks on Easter Island. One of the most
important expeditions was the METEI, which stayed on
Easter Island from 1964 to 1965 and obtained numerous
specimens of cnidarians (corals), crustaceans, echino-
derms, mollusks and polychaetes. Between 1968 and
1972 the investigator Maria Codoceo, from the Museo
Nacional de Historia Natural of Santiago de Chile,
contributed to the knowledge of the marine diversity of
Easter Island collecting and studying echinoderms. An
expedition sponsored by the National Geographic
Society also collected echinoderms, besides crusta-
ceans, fish, mollusks and polychaetes. Furthermore, the
Universidad de Concepcién carried out an expedition
collecting bryozoans and crustaceans during those
years. In 1982 the Pontificia Universidad Catélica de
Chile carried out the Expedicion Sala de Sistematica,
collecting invertebrates and fish (Castilla & Rozbaczylo,
1987). Afterwards, the CIMAR 5 expedition obtained a
large number of specimens of invertebrates and fish not
only from Easter Island but also from Salas y Gomez
Island and its surroundings. More recently, in 2011, the
National Geographic Society together with Oceana and
the Armada de Chile carried out an expedition with the
goal of censusing the coastal marine life of both islands
and their neighboring seamounts (Friedlander et al.,
2013). It is important to emphasize that in addition to
these expeditions, numerous projects were carried out
registering the marine biodiversity associated with
these islands (e.g., Santelices & Abbot, 1987,
Wellington et al., 2001). However, critical habitats
remain largely unexplored (e.g., hydrothermal vents) or
poorly studied (e.g., seamounts, total surveyed area of
seamounts: 60 m?; Friedlander et al., 2013) within the
EEZ of Chile. By contrast, the seamounts along the
Salas y GAmez Ridge outside the EEZ have been
broadly explored (Parin et al., 1997; Stocks, 2009).
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Table 1. Summary of the scientific expeditions conducted to the Exclusive Economic Zone of Chile surrounding Easter
and Salas y GOmez islands.

Type Scientific expedition Year  Observation
International  Discoverer 1827  Collection of the first specie of mollusks reported for Easter
Island
National Expedition to Easter Island (O"Higgins) 1870  Description of the first crustacean reported for the island
(Panulirus pascuensis)
International ~ Albatross 1904  Cnidarians, crustaceans, echinoderms, mollusks and
polychaetes were collected
National Expedition to Easter Island (Baquedano) 1911  Description of species of cnidarians, crustaceans, echinoderms,
mollusks and polychaetes
International ~ Swedish Pacific Expedition 1917  Reports on natural history of Easter Island, and descriptions of
holothurians, mollusks and polychaetes were published
International ~ French Belgium Expedition to Easter Island 1934  Archeological expedition that collected zoological material.
(Rigauld de Genouilly) Studies on crustaceans, mollusks and polychaetes have been
published.
International ~ Mercator 1934  Published studies on mollusks and crustaceans
National N. Bahomonde and J. Langerich 1953  Collection of animals, but no report has been published
(Angamos)
International  Downwind 1958  Reports cnidarians, crustaceans and echinoderms
International  Ob 1958  Collection of mollusks
International  Metei 1964  Collection of cnidarians (corals), crustaceans, echinoderms,
mollusks and polychaetes
National M. Codoceo 1968  Echinoderms
International  National Geographic Society 1969  Collection of crustacean, echinoderms, fish, mollusks and
polychaetes.
National Expedition to Easter Island (Universidad de 1972  Collection of briozoans and crustaceans
Concepcién)
National Expedition Sala de Sistematica (Pontificia 1982  Collection of fish and several groups of invertebrates
Universidad Catdlica de Chile)
National CIMAR Islas Oceénicas 1999  Collection of fish and invertebrates in Easter and Salas y G6mez
islands
Both Oceana and National Geographic 2010  Collection of algae, fish and invertebrates in Easter and Salas y

Gomez islands

The growing number of expeditions to Easter and

Salas y Gémez islands is correlated with an increasing
number of publications and reviews for different
taxonomic groups (Table 2). Some of these reviews
were analyzed in a compilation of studies about oceanic
islands (Castilla, 1987). Nevertheless, in the last 25
years, 13 taxonomic reviews and more than 35 studies
of biodiversity of macroinvertebrate and fish ecology
of Easter and Salas y Gémez islands have been
published. The objective of the present study is to
compile, synthesize and analyze the published
information about the biodiversity of macroalgae,
macroinvertebrates and fishes associated with the
biogeographic province of Easter and Salas y Gémez
islands (Sullivan-Sealy & Bustamante, 1999), thereby
updating the state of knowledge and making it available
for the development of conservation plans. Besides
biodiversity data, for some taxonomic groups we

compiled information on bathy-metric distribution,
conservation status and level of endemism for species
present within the biogeographic province of Easter and
Salas y G6mez islands.

METHODS

Database

In order to compile a database of species richness for
marine invertebrates, algae and fishes reported within
the study area, we searched all the available sources of
information, such as scientific publications, scientific
expeditions, fisheries data, technical reports, books,
databases and online sources. The information gathered
was used to create a database of marine biodiversity for
the province of Easter and Salas y Gémez islands. This
database includes taxonomic information for the
species present as well as synonyms. The list of species
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included in the database was compiled based on key
scientific publications for each taxonomic group
written by taxonomic experts and recent reports of the
presence of new species in the study area. The
taxonomic information for each species was also
verified in the web database World Register of Marine
Species (WoRMS Editorial Board 2012). AlgaeBase
(Guiry & Guiry, 2014), FishBase, SealifeBase
(Palomares & Pauly, 2014), and Encyclopedia of Life
were used to obtain information about geographic
distribution, depth and conservation status (IUCN) for
the reported species. Given the heterogeneity of
available information for taxonomic groups, some
analyses were only carried out for subsets of the
taxonomic groups.

Data analysis

All species of invertebrates, algae, and marine fishes in
the study area were considered in the calculation of
species richness. Species identified to the species level
(including affinity, indicated aff, or cf, or question mark
(?) by the taxonomists) were quantified. Additionally,
species described to the level of genus were included if
the genus was not previously recorded in this region,
and similarly for unidentified species within a family or
order not previously described for the area. To evaluate
the evolution of species richness as a function of time
(using time as a proxy of accumulated sampling effort),
saturation curves were created for the main taxonomic
groups of macroinvertebrates (mollusks, crustaceans,
and corals), for fishes and for the total number of
species. The evolution of species richness over time
was also evaluated for the areas accumulating the
greatest sampling effort in Easter Island (Hanga Roa,
Anakena, the Motus: Iti, Nui and Kao Kao, and Vaihu).

For the analyses of bathymetric distribution, the
species (only for crustaceans, mollusks, and fishes)
were classified by the range of depths they inhabit as:
intertidal (intertidal and tide pools), shallow subtidal (O
to 30 m), subtidal (30 to 200 m), deep sea (200 to 1000
m), and abyssal (>1000 m). This classification refers to
the depths at which the species range of distribution has
been reported, not necessarily based on direct
information from the study area. Finally, the conservation
status was only considered for fish (no information was
found for other groups) and the following categories were
used: Endangered, Vulnerable, Near Threatened, Least
Concern, and Data Deficient (from the IUCN red list;
www.redlist.org). In all cases, the percent of species in
each category was estimated.

To calculate endemism, only species identified to
the species level (with assigned genus and species)
were used. The presence of these species was classified
into the following categories based on their distri-

bution: Cosmopolitan (broadly distributed), Indo-
Pacific (in the Indian or Pacific oceans), Pacific (only
present in the Pacific Ocean), Polynesian (only present
in Polynesian islands), and Easter-Salas y Gomez
islands (only reported within the study area). Finally,
the percent of endemism was calculated for each
category and taxonomic group.

Information from studies of seamounts in the Salas
y Gomez Ridge outside of Chile’s EEZ was collected
in order to: (a) evaluate the biodiversity of seamounts
in areas adjacent to the EEZ, (b) evaluate the similarity
of seamounts that are physically alike, and (c) compare
studies from inside and outside of the EEZ. Information
on species richness in seamounts from Parin et al.
(1997) was complemented with the online database
http://seamounts.sdsc.edu (Stocks, 2009) to compile a
database of marine biodiversity associated with
seamounts in the Salas y Gémez Ridge. Each seamount
was characterized by its geographic position, summit
depth, and species richness/composition. Since summit
depth can affect food availability (Genin & Dower,
2007) and summit depth is positively correlated with
species richness (Pitcher et al., 2007), we classified the
seamounts in three general categories (a) summit depth
between 200 and 300 m, (b) summit depth between 300
and 500 m, and (c) summit depth >500 m. Within each
summit depth category, we compared number of shared
species as a function of geographic distance between
seamounts. We also compared species richness in the
seamounts studied in Easter and Salas y Gdmez islands
with the three closest seamounts outside the EEZ. We
ran the analysis using the R software (R Core Team,
2013), constructing the matrix of geographic distance
using the function rdist.earth in the R package fields
(Furrer et al., 2012) and the matrix of similarity using
the function distance in the R package ecodist (Goslee
& Urban, 2007).

Furthermore, since the hydrothermal vents within
the EEZ have not yet been studied, information about
the studied hydrothermal vents closest to the EEZ was
compiled in order to report the species richness
characteristic of the hydrothermal vents in this
biogeographic province (Van Dover et al., 2012).

RESULTS

We consulted 88 publications and 10 online databases
that report information about macroalgae, macro-
invertebrates and fishes in the biogeographic province
of Easter and Salas y Gomez islands. Of these, 52
contained georeferenced information for 2,287 collection
sites, which allowed us to map the distribution of
sampling effort in this subset of studies. Sampling sites
were concentrated around Easter Island; 92.5% of the
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species collected around the EEZ of Easter Island were
located within 12 nm (nautica miles) of the island
(1.5% between 12 and 50 nm, and 6% between 50 and
200 nm). The opposite pattern was found in Salas y
Gobmez Island, where coastal areas were less explored
(only 13.5% of species collected around the EEZ of
Salas and Gémez Island were found within 12 nm from
the island). Most samples were collected between 12
and 50 nm (42.8%) and between 50 and 200 nm
(43.7%). These results highlight vast unexplored areas,
mostly located toward the north of both islands. Twelve
publications reported information about samples
collected in Salas y Gémez Island (mainly from the
CIMAR 5 Expedition) or its surroundings, while
approximately 59 publica-tions reported species
collected on Easter Island. Within the Easter Island
area, the most sampled sites were Hanga Roa and
Anakena.

The number of species found within the study area
reached 964, including macroalgae (143 species),
marine invertebrates (605 species), and fishes (216
species). However, collection points have only been
reported for 570 species. Our study includes more
species than previous reviews for each taxonomic
group (e.g., Castilla & Rozbaczylo, 1987; Santelices &
Abbot, 1987; Boyko, 2003; Randall & Cea, 2011),
showing the contribution of recent publications (Fig. 1).
Thus, globally this review includes 341 more species
than previous reviews (35% more species) although the
proportion of new species varies among taxa. Thirteen
percent of the species reported remain unidentified,
some of which could potentially represent new species
for science. The gaps in species identification are very
large in some groups such as bryozoans (69.2%),
polychaetes (28.6%), poriferans (18.2%), and crusta-
ceans (17.5%). Appendix I includes a list of all of the
species reported within the study area.

Among the invertebrates, mollusks and crustaceans
show the highest number of species, totaling almost 400
species (Fig. 1). Among mollusks, the highest number
of species was reported for gastropods (138 species)
and bivalves (70 species; Table 2). Only three
cephalopods, three chitons and one scaphopod were
reported for the study area. The majority of the
crustacean species are decapods (121 species). Besides,
29 species of peracarids, 19 copepods and five barnacle
species have been reported (Table 2). Other groups of
invertebrates studied include Polychaeta, with 70
species, Bryozoa with 39 species, Cnidaria with 47
species (only 18 species of scleractinian corals),
Echinodermata with 34 species, and Porifera with 22
species (Table 2). Only one species of Nemertea has
been reported (Table 2).

Fish species richness in the study area is mostly
explained by bony fishes (201; Fig. 1). Only 14 species

of cartilaginous fishes and one species of chimera
(Chimaeridae) have been reported (Table 2). There are
143 species of macroalgae reported, with red algae
showing the highest number of species (56.6%).
Eighty-one species of Rodophyta, 35 species of
Chlorophyta, and 27 species of Ochrophyta have been
reported (Table 2).

The majority of all the taxonomic groups included
in this review have been reported for the marine zone
of Easter Island (923 species), 14.4% of the species are
shared with the Salas y Gomez Island marine zone. For
Salas y Gomez Island, 171 species were reported, 78%
are species that have also been reported for Easter
Island. The species richness for the study area has been
continually increasing over time, with a 38% increase
in the number of new species reported in the last 25
years, without leveling off (Fig. 2a). This is explained
by new studies and reviews that have identified new
species as well as the incorporation of new taxonomic
groups into the analysis of total species richness. Two
large jumps in the number of species are shown (Fig.
2): one in the 1980’s, influenced by the works of
Redher (1980) and DiSalvo et al. (1988), and a more
recent jump associated with the studies of Poupin
(2003), Randall & Cea (2011), and Raines & Huber
(2012). Even in the most common and conspicuous
groups of species, significant changes in the number of
reported species are observed (31% increase in the last
25 years in mollusks, Fig. 2b; 43% in crustaceans, Fig.
2¢; 30% in fishes, Fig. 2d).

The general pattern of increasing species richness
over time is also observed in the most studied sites in
Easter Island (Fig. 3). Hanga Roa is the site with the
highest species richness (Fig. 3a); however, it is also
the most sampled site. Based on the best-studied sites,
a significant positive correlation was observed between
time (proxy for sampling effort) and species richness (r
= 0.97, n = 24, P < 0.0001) as well as between the
number of publications and species richness (r = 0.87,
n=24,P =0.001).

A high percentage of endemism has been
determined for the majority of the groups studied (Fig.
4). The highest level of endemism was found within
mollusks and poriferans with 33% and 34% of endemic
species, respectively. Crustaceans, fishes, cnidarians,
and bryozoans showed over 10% of endemic species
(10% indicated by dashed line in Fig. 4). Although few
available studies allow the comparison of endemism
between Easter and Salas y Gomez islands, the
comparative study conducted by Friedlander et al.
(2013) using the same method and applying similar
sampling effort in both islands show higher numbers of
species with limited distribution in Easter Island (19
species) than in Salas y Gomez Island (5 species).
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Figure 1. Species richness for taxonomic groups: macroalgae (Rodophyta, Chlorophyta and Ochrophyta), macroin-
vertebrates (polychaetes, bryozoans, cnidarians, crustaceans, echinoderms, molluscs and poriferans) and fishes reported in
the most recent studies and reviews for each taxonomic group. The bars consider only identified species, while the numbers
above the bars indicate the number of species that remain unidentified and are new for the study area.
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Figure 2. Patterns of species richness over time in the study area: a) total number of species of macroalgae (Rodophyta,
Chlorophyta and Ochrophyta), macroinvertebrates (polychaetes, bryozoans, cnidarians, crustaceans, echinoderms,
mollusks, and poriferans) and fishes, b) mollusks only, c) crustaceans only, d) fishes only.
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Figure 3. Patterns of species richness over time for coastal areas of a) Hanga Roa, b) Anakena, ¢) the Motus, d) Vaihu.

We found published information of bathymetric
distribution for 70.9% of mollusks and 81.1% of
crustaceans included in our database. The majority of
mollusks have been registered as intertidal (32%) or
subtidal species (33%, from 30 to 200 m), while 16%
are reported as shallow subtidal species (from 0 to 30
m). Only two species of abyssal mollusks have been
reported (obtained at depths around 2000 m near Salas
y Gomez Island). On the other hand, most crustaceans
are subtidal (30 to 200 m; 45.8%), and deep-sea species
(200 to 1000 m; 20.6%). Only a few species of
crustaceans have been registered deeper than 1000 m (8
species; 7%; Seal ifeBase; Palomares & Pauly, 2014).
For the 93% of the species of fish for which bathymetric
distribution information has been reported, only 41
species inhabit shallow subtidal zones (<30 m), while
the majority of species are found between 30 and 200
m (33%; 69 species) and in the deep ocean (38%; 78
species).

Of the cartilaginous fishes, five shark species are
listed under the following conservation statuses: (a)

Endangered: the hammerhead shark (Sphyrna lewini),
(b) Vulnerable: the shortfin mako shark (lsurus
oxyrinchus), the porbeagle shark (Lamna nasusa) and
the bigeye thresher shark (Alopias superciliosus), and
(c) Near Threatened: the blue shark (Prionace glauca)
and the Galapagos shark (Carcharhinus galapagensis).
Various bony fish species are also listed in categories
of conservation, from Critically Endangered (Thunnus
maccoyii, the southern bluefin tuna) to Least Concern
(Katsuwonus pelamis, the skipback tuna and Xiphias
gladius, the swordfish). Two species have been
classified as Vulnerable (Thunnus obesus, bigeye tuna,
and Makaira indica, the black marlin) and three as Near
Threatened (Thunnus albacares, yellow-fin tuna;
Thunnus alalunga, albacore and Tetrapturus audax,
striped marlin).

The various gaps in available information highlight
the lack of sampling on seamounts in Easter and Salas
y Gomez islands, in hydrothermal vents, and a biass
toward some taxonomic groups such as brachiopods,
poriferans or bryozoans.
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Gaps in knowledge: seamounts and hydrothermal
vents

The marine area surrounding Easter and Salas y Gomez
islands is characterized by the dominance of seamounts
that occupy 27% of the seabed (Rappaport et al., 1997).
The 383 seamounts identified are not distributed homo-
genously; the mounts nearest to the two islands are the
largest (Rodrigo, 1994). It is also important to note that
the largest seamounts are the tallest (the basal area of
seamounts is positively related with their height), and
that the number of seamounts increases as the size
decreases (Rodrigo, 1994; Rappaport et al., 1997).
Considering these relationships, it has been estimated
that 50% of the total seamounts volume (equal to 61,000
km?) is made up of the 14 largest seamounts (Rappaport
et al., 1997). These seamounts are found in the Salas y
Gbmez zone while the greatest diversity of sizes is found
in the Easter Island zone (Rodrigo et al., 2014).

Although the seamounts within the biogeographic
province of Easter and Salas y Gomez islands have
been physically described (Rappaport et al., 1997
Yanez et al., 2008), biological information is scarce.
Only one study analyzed biodiversity in this
environment using a dropcam that sampled to a
maximum depth of 1850 m (Friedlander et al., 2013).
However, the available information is insufficient to
either characterize this type of environment or reveal
sites of greatest importance for conservation. Twenty-
six species of fishes and 16 invertebrates associated
with seamounts were found inside de EEZ ina surveyed
area of 60 m? (Friedlander et al., 2013); however, only
11 species were identified to the species level. A total
of 568 species have been reported associated to

Algae
Polychaetes
Echinoderms
Crustaceans

Fishes

Cnidarians

Taxonomic group

Bryozoans
Poriferans

Mollusks

seamounts in the Salas y Gomez (outside the EEZ) and
Nazca ridges (Stocks, 2009). Of the 213 species of fish
reported for the seamounts in the Nazca and Salas y
Gobmez ridges (Parin et al., 1997; Stocks, 2009), only 6
were found within the EEZ (Friedlander et al., 2013).
Similarly, only a small percentage of the crustaceans
reported for the EEZ (7%) are also associated with
seamounts outside the EEZ (reported by Parin et al.,
1997).

In our comparisons of species richness between
seamounts in the Nazca and Salas y Gémez ridges, we
found that the number of species shared tends to
decrease as the geographic distance between the
seamounts increases. This trend was observed in
seamounts with shallow (200-300 m) or intermediate
(300-500 m) summit depth (Fig. 5). However, the
relationship was significant only for fishes for the
shallow summit depth range (200-300 m; r?=0.77, P <
0.0001). Similarity indices show great variability for
invertebrates, oscillating between 0.1 and 0.5,
independent of the distance between mounts (Fig. 5).

A series of hydrothermal vents associated with the
Pacific Ridge (between 28°-33°S and 112°-113°W)
have been identified southeast of the province of Easter
and Salas y Gomez islands. Most remarkably, these
hydrothermal vents are situated over a very dynamic
system of fault lines, which have the highest rate of
plate separation in the world (Rappaport et al., 1997;
Hey et al., 2006). The base of primary production in
these zones is the upwelling of high temperature metal
enriched water at the bottom of the ocean providing an
energy source that is used by chemosynthetic bacteria.

I
I
. ® Endemic
Polynesia
u Pacific
Indopacific

® Cosmopolitan
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Figure 4. Percentage of endemic species in the study area and in different regions for the most relevant taxonomic groups.
The broken line indicates Briggs * criteria (1974)of 10%endemism to be considered a biogeographic zone.
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This energy source supports highly diverse commu-
nities, which are ephemeral (decades). Only two
thermal vents have been studied in this region and
neither is found within the EEZ of Chile (vents 31° and
32°S; Hey et al., 2006). The fauna described in these
two vents, located at the southwest of the Chilean EEZ,
is quite varied, represented by 45 species from 6 phyla
(Annelida, Cnidaria, Echinodermata, Hemichordata,
Mollusca, and Porifera), with mollusks and annelids
(polychaetes) as the most numerous groups (Hey et al.,
2006). Although communities associated with
hydrothermal vents are characterized by species with
short larval development, facilitating dispersion
between vents (Tyler & Young, 2003; VVan Dover et al.,
2012), this region is relevant because it has been
proposed that the Easter Microplate acts as a barrier for
various species, particularly for species with
planktotrophic larvae (i.e., bivalves, decapods; Won et
al., 2003).

DISCUSSION

The compilation and analysis of the information on
marine ecosystems in the waters adjacent to Easter and
Salas y GAmez islands reveals not only a constant
increase in sampling effort and species identification

over time but also important gaps in knowledge,
especially for vulnerable habitats. This review further
describes and discusses recent contributions to the
biogeographic characterization of this zone as well as
the importance of this area for conservation, mostly due
to its high level of endemism.

The sustained increase in sampling effort, reflected
in the number of publications in the last decades, is
translated into a substantial increase in the number of
species reported here when compared with previous
reviews. In total, the number of invertebrate, fish and
algae species that have been identified as of yet reaches
964. When comparing the groups with most species,
such as mollusks (215 species in Easter and Salas y
GOmez islands), we estimated that these small islands
concentrate almost 50% (45.9%) as many species of
mollusks as continental Chile (Pappalardo &
Fernandez, 2014). It is important to highlight, however,
that the study area and continental Chile only share one
mollusk species (Hiatella arctica) and 19 genera, and
that in general, a small fraction of the marine species
are shared with continental Chile or other oceanic
islands (Table 3). If we compare the species diversity
estimated in Easter and Salas y Gémez islands with that
reported for the Juan Fernandez Archipelago, a much
higher species richness is observed in our study area
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Table 3. Number of species reported in the Exclusive Economic Zone surrounding Easter and Salas y Gémez islands that
are shared with Juan Fernandez Archipelago and mainland Chile (% species shared reported between parentheses).

Number of species reported

Taxonomic group in the study area

Species shared with Juan
Fernandez Archipelago

Species shared with
mainland Chile

Algae 143 20 (12.8 %)

Bryozoos 39 2 (4.7%)
Cnidarians 47 9 (18.8%) 2 (4.2%)
Crustaceans 177 8 (4.5 %) 4 (2.4%)
Echinoderms 34

Fishes 216 25 (11.1%) 3(1.3%)
Mollusks 215 1 (0.4%)
Polychaetes 70 8 (11.1%)
Poriferans 22 2 (8.3%)
Nemerteans 1

Total 964 62 (6.4%) 22 (2.3%)

(735 species reported for the same taxa in Juan
Fernandez; Fernandez et al., 2012), a pattern that is also
observed within taxa (Table 4). Mollusk species
richness is four times higher in Easter Island than in the
Juan Fernandez Archipelago (Table 4). Three times
more fish and two times more echinoderm species were
reported in Easter Island than in Juan Fernandez
Archipelago. The percent of shared species between the
study area and Juan Fernandez Archipelago is only
6.4% (Table 3).

The most revealing characteristic of coastal fishes
in Easter Island is the low number of species in
comparison with other oceanic islands such as Hawaii
or Indonesia, which house from 1000 to 3000 species
(Randall & Cea, 2011). The low number of species is
explained by a combination of factors, including the
geological age of the island (relatively young), the
small diversity of habitats, its isolation, and its
intermediate latitude, which makes it very cold for
many reef species but also very hot for subtropical
species (Randall & Cea, 2011).

Even though the total number of reported species
has increased 30% in the last 25 years, recent studies
only contributed 15% of the new species (32 species
from CIMAR Expedition; Sielfeld & Kawaguchi,
2004). Furthermore, the contribution of the most recent
studies to total species richness is particularly low for
the most numerous groups compared above. For
example, the CIMAR expedition did not contribute new
records of mollusks (Coloma et al., 2004). Thus,
significant increases in species richness should only
result from studying in further detail the least studied
groups (i.e., polychaetes, poriferans) and poorly studied
habitats (i.e., hydrothermal vents, seamounts). Given
the positive correlation between sampling effort and

species richness as well as between the number of
publications and species richness for the study area,
species richness for Salas y Gémez Island could change
substantially if sampling effort were to increase. This
zone has been scarcely studied. Thus, we suggest that
the differences in species richness for the two islands
could be explained by differential sampling efforts.

Following the criteria from Briggs (1974), a
percentage of endemism higher than 10% allows the
identification of a biogeographic zone. For the study
area, this criterion is met for the majority of the most
species rich groups, with the exception of algae (Table
4). The level of endemism of fishes is 16% higher than
that reported for the Galdpagos Islands. In terms of
coastal fishes, the level of endemism is greater than
(22%) or similar to other oceanic islands (Hawaii: 25%;
DeMartini & Friedlander, 2004, 2006). However, the
level of endemism of cnidarians, and specifically of
corals (16.3% and 11%, respectively), is lower than that
reported for other Pacific islands (21.2%). Echinoderms
and polychaetes also show a low percentage of endemic
species in comparison with other Pacific islands (Table
3). Comparison of endemism between the two islands
is not possible given the enormous difference in
sampling effort observed between them. Nevertheless,
based on studies with similar sampling effort
(Friedlander et al., 2013), 30% of endemic fishes were
estimated for Easter Island while only 8% for Salas y
GoOmez Island.

Unstudied environments

The percent of ocean floor covered by seamounts
(27%) is substantially greater than that observed in
comparable areas in the Eastern Pacific (6% cover) and
can be explained by the hotspot of volcanic activity,
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Table 4. Comparison of the number of species and the percentage of endemic species between Easter Island and other
Pacific oceanic islands; groups included were macroinvertebrates and fish. For most taxonomic groups, information for
Hawaii and the Galapagos was modified from the work of Boyko (2003). The question mark (?) indicates a lack of available
information. We only included species identified to the species level.

Easter Island Hawaii Galapagos Juan Fernandez

Group Number of % Number of % Number of % Number of %
species endemism species endemism species endemism species endemism

Mollusks 194 34 787 24 666 18 50 66
Poriferans 18 33 84 29 ? ? 11 9
Bryozoans 12 17 150 ? 184 18 43
Cnidarians 42 14 339 22 44 20 30 13
Echinoderms 31 10 278+ 54 198 17 16 23
Crustaceans 146 12 ? 215+ 18 128 8
Polychaetes 50 4 281 28 192 31 48 89
Coastal Fish 139 22 25 447+ 11.4 46 25
Fish 213 15 1250 192 10

characterized by a large number of volcanic fields, in
which our study area is situated. It is important to note
that, in this area, more than 3000 volcanic structures
and 383 seamounts of different sizes and depths have
been identified (Rodrigo et al., 2014). The protected
area generated by the Motu Motiro Hiva Marine Park
principally covers large seamounts, thereby underre-
presenting smaller mounts, which are found at deeper
depths (Fig. 2; Rappaport et al., 1997), and other
geological features with their associated fauna, such as
hydrothermal vents.

The low sampling effort directed towards biological
studies in seamounts surrounding Easter and Salas y
Gbmez islands, and the low number of species
associated to seamounts (Friedlander et al., 2013), in
comparison with the reported species richness in the
nearby seamounts of the Salas y Gémez and Nazca
ridges (Stocks, 2009), reveals the lack of knowledge
about the important and vulnerable habitat that
occupies a large fraction of the seafloor of the EEZ of
the biogeographic province of Easter and Salas y
Goémez islands (Rodrigo et al., 2014). Based on the
significant positive correlation between the number of
species in seamounts and number of publications in the
area outside the EEZ (r = 0.73; P < 0.001; Fernandez et
al., 2013) and considering the sampling effort in the
EEZ (Friedlander et al., 2013), species richness in this
area could be ten times higher than what has been
currently reported. However, it is impossible to
establish if the same group of species reported in the
broadly studied seamounts in the Nazca and Salas y
Goémez ridges would be also observed in seamounts in
the biogeographic province of Easter and Salas y
Goémez islands. Particularly considering the differences
in physical conditions and summit depth (Parin et al.,

1997) and that indices of similarity for invertebrates
and fish can vary by orders of magnitude over distances
smaller than 100 km (Fig. 5). These preliminary
analyses suggest that the current level of protection of
seamounts in Salas y Goémez Island, focusing
fundamentally on large and shallow seamounts, might
not sufficiently represent the variation in species
richness expected for more distant seamounts of diverse
sizes.

Biogeographic characterization

Almost all of the taxonomic groups reported in the
studied area seem to have originated in the Indo-Pacific:
mollusks (Rehder, 1980), polychaetes (Rozbaczylo &
Simonetti, 2000), fishes (Randall & Cea, 2011),
echinoderms (Fell, 1974; Massin, 1996), poriferans
(Desqueyroux-Faindez, 1990), crustaceans (Poupin,
2008) and algae (Santelices & Abbott, 1987). The
affinity of the rest of the fauna present with that of the
Indo-Pacific (Massin, 1996; Parin et al., 1997) is
explained by the chain of seamounts that connect the
French Polynesian Islands with Easter Island, which
could favor stepping-stone dispersal for some species,
particularly during the late Pliocene when the
separation between islands was smaller (Parin et al.,
1997). The only exception is corals, with a low number
of species and a higher affinity with the East Pacific
(Hubbard & Garcia, 2003; Glynn et al., 2007). For
corals, it has been proposed that there is an important
barrier to the west of the study area, and that the species
could have dispersed from the northeast, similarly
through stepping-stone dispersal mechanisms along the
seamounts of the Nazca and Salas y Gdmez ridges.

The Indo-Pacific colonization of seamounts in the
Nazca and Salas y Gomez Ridge, in addition to the high
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levels of endemism from fish to invertebrates, were key
elements in the characterization of the Nazca Plate
province. Nevertheless, for both groups a break
between the Nazca and the Salas y Gomez ridges has
been suggested (Parin etal., 1997). In the case of fishes,
the fauna associated to the Nazca Ridge exhibits fewer
species with larger range of distribution than that
inhabiting the Salas y Gdmez Ridge. On the other hand,
the invertebrate fauna of the Nazca Ridge has a higher
affinity with the East Pacific (Parin et al., 1997).
Additionally, given the high level on endemism of
shallow waters fishes and invertebrates in Easter Island,
a Rapanuian biogeographic province has been proposed.

This is also supported by conclusions drawn from
different taxonomic groups (crustaceans: Retamal &
Moyano, 2010; mollusks: Redher, 1980). The studies
carried out on mollusks suggest that the high levels on
endemism would justify an independent Rapanuian
biogeographic province. However, the data are
principally from Easter Island (only three species have
been reported exclusively in Salas y Gomez Island;
Rehder, 1980; Osorio & Cantuarias, 1989; Coloma et
al., 2004). The crustaceans of Easter Island also show a
high biogeographic affinity with other Pacific islands,
with Pitcairn and Rapa islands to the northeast, with the
Kermadec Islands to the west, and with Hawaii to the
north (Boyko, 2003; Poupin, 2008). Nevertheless, for
mollusks and crustaceans, there is a higher affinity with
Pitcairn and Rapa islands (Boyko, 2003; Poupin, 2008).
Based on this pattern, Poupin (2008) established that
the Rapanuian province would include a larger area that
also covers Rapa Island. Retamal & Moyano (2010)
also conclude that Easter Island constitutes a province
(Rapanuian province), but that the decapod fauna from
Salas y Gdmez Island is more similar to that of the
Nazca Ridge. However, this conclusion is based on
deep-sea reports and we must note that samples of
decapods from shallow waters in Salas y Gémez Island
could be more associated with Easter Island.

Based on the available information, a Rapanuian
biogeographic province can be identified, but infor-
mation to differentiate between Easter Island and Salas
y Gomez islands is still lacking since the studies of flora
and fauna are not from comparable habitats and depths.
This information is critical to develop science-based
conservation plans. Nonetheless, the patterns of
distribution of vulnerable habitats (hydrothermal vents,
diversity of seamounts size) reveals gaps in conser-
vation towards the western limit of the EEZ of Chile
and in the areas surrounding Easter Island (seamounts
of different sizes and depths) where important seasonal
concentrations of chlorophyll are observed in comparison
with Salas y Gomez Island and the oligotrophic
environment characteristic of the Eastern Pacific Gyre

(Andrade et al., 2014; Von Dassow & Collado-Fabbri,
2014).
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