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ABSTRACT

Spatial analysis and modeling tools were employedoredict suitable habitat distribution for
threatened marine invertebrates and estimate thdapvbetween highly suitable areas for these
species and the Brazilian marine protected are@A8)1 Records of the occurrence of species were
obtained from the collections included in the Oc&iageographic Information System (OBIS-
Brazil), with additional records culled from theeliature. The distribution data of 16 out of 33
threatened species, with at least ten occurremctieeiavailable records, were selected for modeling
by Maxent algorithm (Maximum Entropy Modeling) bdsen environmental variables (temperature,
salinity, bathymetry and their derivatives). Theulting maps were filtered with a fixed threshofd o
0.5 (to distinguish only the highly suitable areasd superimposed on MPA digital maps. The
algorithm produced reasonable predictions of thexigs’ potential distributions, showing that the
patterns predicted by the model are largely coesiswith current knowledge of the species. The
distribution of the highly suitable areas showetlelioverlapping with Brazilian MPAs. This study
showed how the habitat suitability for threatenpelcges can be assessed using GIS applications and
modeling tools.

Resumo

Neste estudo foram utilizadas analises espacidisrramentas de modelagem para predizer a
distribuicdo dos habitats adequados aos invertebradhrinhos ameagados e estimar a sobreposi¢éo
destas areas em relacéo as areas marinhas prestegisigentes. Registros de ocorréncia das espécies
foram obtidos das colecdes incluidas no Ocean Bgrgphic Information System (OBIS-Brasil) e
de dados provenientes da literatura. Dados ddhdigifio de 16 das 33 espécies ameacadas, com
pelo menos 10 registros de ocorréncia, foram seladios para modelagem utilizando o algoritmo
Maxent (Maximum Entropy Modeling) e varidveis anmiés (temperatura, salinidade, batimetria e
derivados). Os mapas resultantes foram filtrados ptencéo de areas altamente adequadas, através
de um limiar de corte de 0.5, e sobrepostos comapantigital de areas protegidas. O algoritmo
apresentou modelos de predicédo satisfatérios, armiirque os padrdes previstos no modelo sdo
coerentes com o conhecimento atual sobre as espécilistribuicdo das areas altamente adequadas
mostrou baixa sobreposicdo com as éareas protedigesileiras. Este estudo indicou como a
adequabilidade de habitats para espécies ameguadiaser realizada, utilizando aplicagcdes em SIG
e ferramentas de modelagem.

Descriptors: Threatened species, Marine protesesaMaxent, Conservation.
Descritores: Espécies ameacadas, Areas marinhzgipias, Maxent, Conservagao.

INTRODUCTION conservation managers and donor organizations
require increasingly sophisticated tools for derisi

The marine system is subject to a |argénaking; and, above all, ways to prioritize consdora
number of anthropogenic threats associated with tictions that are efficient, accountable and tramsyia
development of the coastal zone, discharge of toxiDGAR et al., 2008). The conservation of important
substances, overexploitation of commerciallySites with associated habitats as protected argas i
harvested fishes, mariculture, maritime trade andyn therefore generally seen as the best strategy to
other activities. As threats to biodiversitgrease, Maintain biodiversity and ecosystem services

(BERTZKY; STOLL-KLEEMANN, 2009; Bruner et

(*) Paper presented at th&"Brazilian Congress of Marine Biology, al., 2001; MILLENNIUM ECOSYSTEM
on 24-28 May. Buzios, RJ, Brazil. 2009.
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ASSESSMENT, 2005) because theg, the protected conservation sites, and the conservation and
areas)protect species from the greatest threat: habitabanagement of their native habitats (GASTON, 1996).
loss. Furthermore, in terrestrial ecosystems, these tuals

At the 2002 Sixth Conference of the Partiedbbeen used to estimate the protected ranges for
to the Convention on Biological Diversity (CBD), a endangered species through the intersection of a
set of 18 indicators were defined for achieving, byspecies distribution with a digital map of protecte
2010, a significant reduction of the current rafe oareas (ANDERSON; MARTINEZ-MEYER, 2004).
biodiversity loss at global, regional and natioleakls The Brazilian red list was published by the
(UNEP, 2002). One of these indicators is théMinistry of the Environment in 2004 (MMA, 2008)
percentage of total national land surface legafigjar and contains 83 marine species, being the group of
protection. The establishment of a 10% target foinvertebrates which presented the highest number of
protected areas has become deeply entrenched in 8pecies (33). The main threats to these organisens a
thinking of many conservationists and incorporatedheir accidental capture in little selective fishigear,
into the national legislation of many countries fortheir capture for ornamental aquaria, overfishing a
establishing protected areas (LANGHAMMER et al.the destruction of habitats. Furthermore, extensive
2007). A large number of marine protected areascosystems of the Brazilian shelf are subject tanfro
(MPAs) have, therefore, been established around tmeedium to very high impacts in a multiscale spatial
world, in an attempt to halt further deterioratioh model which synthesizes 17 global data sets of
sensitive habitats and populations, or to serve amthropogenic drivers of ecological change
fisheries management tools (PEREZ-RUZAFA et al.(HALPERN et al., 2008).
2008). The spatial extent of MPAs globally has grow The objective of the current study was to
at an annual rate of 5.2% over the last two decadespply techniques of spatial analysis and modeling
and approximately 2.2 million Kmequivalent to 0.6% tools to predict the distribution of suitable hakstfor
of the world’'s oceans, are currently protectedhreatened marine invertebrates and, tentativaly, t
(OJEDA-MARTINEZ et al., 2009). estimate, for conservation purposes, their ovenlgp

However, in order to achieve their goals,the network of Brazilian MPAs.
MPAs should be ecologically representative.

According to Harris and Whiteway (2009), to be MATERIAL AND METHODS
“representative” the MPA should contain areasttha

reasonably reflect the biotic diversity of the mari Biological data

ecosystems from which they derive. In addition, &dg . .

et al. (2008) highlighted the need to maximize The analysis was performed using 933

istributional records (occurrence points) obtained
rom the collections included in the Ocean
iogeographic Information System OBIS-Brazil
‘?ROBIS, http://obissa.cria.org.br) as well as data

representation and persistence of biodiversity i
comprehensive protected areas, focusing especially
threatened and under-protected ecosystems a

species threatened with extinction. However,f he i OBIS has b d
knowledge of Brazilian marine biodiversity is rom the literature. as been reported as eceou

unsatisfactory and uneven, especially for benthi@f Marine biodiversity information by several steli
invertebrates (AMARAL; JABLONSKI, 2005). In With distinct purposes (BEST ET AL., 2007; FABRI
order to avoid that the lack of data’s undermirtimg €t @, 2006; FLEISCHER et al., 2007).

integrated management of biodiversity and the Distribution data were compiled for twenty-
implementation of effective policies, techniques of€Ven Species of threatened invertebrates, but only
modeling can be used to infer the potential digtitn ~ SXt€€n Of them were selected, on the basis izt |

: - ; ten available records of occurrence per specias, fo
of species and fill the gaps resulting from thekla
biolggiclal surveyls gap wHing predictive modeling (Table 1). The records of speci

Ecological “niche modeling”  using occurrence were imported into the Geographic

presence-only locality data and Iarge-scalénformatir?n | S(jystgtr)n . (GIS.) Arggis h 9.1 ng‘le

environmental variables provides a powerful toal fo geographical - distribution given by the available
identifying and mapping suitable habitats for speci recof‘.’s of threqtened marine invertebrates alpeg th
over large areas (ROTENBERRY et al., 2006). Thes@raz'IIan 'coast is uneven (Fig. 1). The Species not
models establish relationships between the occclxeren'ncmdeOI in the present study due tq _the _Iack 04 da

of species and biophysical and environmentszlS were Cerianthomorphe brasiliensi€arlgren,

P ; . 1931; Eunice sebastianNonato, 1965;Gecarcinus
conditions in the study area. For threatened spgci ' > y ’ . .
the prediction and mapping of potential suitabl agostomaH. Milne Edwards, 1835Percnon gibbesii

habitats are critical for the monitoring and reatimn (T)' l\/llilne Edwards, 185$Pet§\llg1foncr}us myrakeenae
of their declining native populations in their natu ~\Psaldo & Rios, 1987; antvilleya loya Petersen,

habitats, artificial introductions, or selection of1965'
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Table 1. Geographic distribution, sample size, baithymetric range of threatened invertebrate speniuded in this study.
Sources of number of records for each speciesrawded.

Bathymetric range*
. Geographic range of the southwestern Number of
Species Atlantic* records Source
Minimum Maximum
depth (m) depth (m)
Cnidaria
Cerianthus brasiliensis . . %
Mello-Leitdo, 1919 Brazil (from Ceara to S&o Paulo State) 2 _ _ OBIS
Condylactis gigantea Brazil (Maranh&o, Bahia, Espirito Santo and 10 o 30 OBIS
(Weinland, 1860) Rio de Janeiro States)
Millepora alcicornis Brazil (from Maranh&o to Rio de Janeiro
Linnaeus, 1758 State) 120 = = OBIS
Phyllogorgia dilatata Brazil (from Maranh&o to Rio de Janeiro
(Esper, 1806) State) 29 0 28 OBIS
Polychaeta
Diopatra cuprea .
Bosc, 1802 Brazil 8 _ _ OBIS
Eurythoe complanata "
(Pallas, 1778) Brazil 10 0 30 OBIS
Mollusca
Natica micra . .
Haas, 1953 Brazil (Rio de Janeiro State) 3 _ _ OBIS
Crustacea
Minyocerus angustus Venezuela, Suriname and Brazil (from Para > 0 59 OBIS
(Dana, 1852) to Santa Catarina State)
Echinodermata
Asterina stellifera Brazil (from Rio de Janeiro to Rio Grande
(Mébius, 1859) do Sul State) and Uruguay 18 0 50 OBIS
Astropecten braziliensis . . OBIS, Leo and Pires-Vanin
Muller & Troschel, 1842 Brazil, Uruguay and Argentina 14 7 360 (2006)
A. cingulatusSladen, . . OBIS, Leo and Pires-Vanin
1889 Brazil, Uruguay and Argentina 1 0 1350 (2006)
A. marginatusGray, 1840 Brazil and Uruguay 190 6 130 OBIS, Ct();(t)e(l)g)nd Nalesso
Cassidulus mitirau, Brazil (Rio de Janeiro State) 1 _ _ OBIS
1954
Coscinasterias tenuispina Brazil (from Bahia to S&o Paulo State) 11 0 165 1DB
Lamarck, 1816
Echinaster (Othilia) e .
brasiliensis Brazil, Uruguay and Argentina 68 0 60 OBIS, Le((’Z%r(')dG)P"ES Vanin
Muiller & Troschel, 1842
E. (Othilia) echinophorus ~ Guyanas and Brazil (from Amapa to Rio de > 0 55 oBIS
Lamarck, 1816 Janeiro State)
E. (Othilia) guyanensis Guyanas and Brazil (from Amapa to Rio de
Clarck, 1987 Janeiro State) 2 13 106 OBIS
Eucidaris tribuloides . . =
Lamarck, 1816 Brazil (from Amapa to Séo Paulo State) 72 0 800 19DB
Isostichopus badionotus Colombia, Venezuela and Brazil (from Rio > o 65 OBIS
(Selenka, 1867) Grande do Norte to Santa Catarina State)
Iigfgla guildingiGray, Brazil (from Amapa to Séo Paulo State) 37 0 300 OBl
Luidia clathrata(Say, . OBIS, Leo and Pires-Vanin
1825) Venezuela, Guyanas and Brazil 35 0 130 (2006)
L. ludwigi scottiBell, - OBIS, Leo and Pires-Vanin
1017 From Venezuela to Argentina 95 30 130 (20086)
L. senegalensid.amarck, From Venezuela to Brazil (from Amapa to
1816) Santa Catarina State) 117 0 64 OBIS
Narcissia trigonaria .
Sladen, 1889 Guyana, Brazil and Uruguay 6 37 91 OBIS
Oreaster reticulatus . . .
(Linnaeus, 1758) Brazil (from Amapa to Santa Catarina State) 48 0 07 OBIS
Paracentrotus gaimardi Brazil (from Rio de Janeiro to Santa Catarina 29 oBIS
(Blainville, 1825) State) - -
Synaptula secreta Brazil (Sao Paulo State) 1 B B oBIS

Ancona Lopez, 1957

* Geographical and bathymetric ranges were obtaimétiorld Register of Marine Species (availablevinw.marinespecies.org) and MMA (2008).
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Fig. 1. Occurrence records for threatened marinertabrates (circles; 933 records).

Environmental Layers was derived from data made available by the Databas
Our area of study was the southwesterrff Exploration and Production of the National Aggnc

Atlantic region, along the whole Brazilian coasbfr or Petroleum, Natural Gas and Biofuels. The raster

4°30'N — 51°37'W to 35°30'S — 24°38'W), including plataset ‘was produced using topo to raster
the entire oceanic area under national jurisdiction  Interpolation. Seafloor slope was derived from the

The environmental variables fall into three S8M€ bathymetry model. Rugosity and bef‘thic zone
categories: temperature, salinity and bathymetry a ea:jurles WBe'IEI?/I prodluce_dh ubsmr? the Bgnthlc Terrain
their derivatives. Other variables, such as type odeler ( ) tool wit athymetry data sets to
substrate (i.e., rock, sand, mud), could be chosére examine the deepwater benth_lc environment. Benthic
light of their biological relevance for invertebeat zone features (flats, depressions, crests _and sél_o_pe
species, but no precise data on them are avaifable were created by means of a Bathyme@rlc Position
the Brazilian coast. All variables are recorded at de).< (BPI) that utilizes a focal or neighborhood
pixel size of 2 000 m by 2 000 m. This resultecain runction.
grid comprising 2 194 rows and 2 656 columns.
ArcGIS 9.1 was used for the analyses and processing
of all rasters.

Maximum Entropy Modeling

T d salini bsurf Maxent (Maximum entropy modeling) is a
emperature and salinity mean subsur aC%eneral-purpose machine learning method with a

(for both) were derived from data provided by theSim . - . ;
. X ple and precise mathematical formulation, having
National Oceanographic Database (BNDO) of th arious aspects well suited for species distrilbutio

Hydrography and Navigation Head (DHN) of themodeling. Based on environmental conditions, this

Br‘?‘z”isf? _Nav_y. Thel r_asteL datéisets w((je_re prOdUC('}éigorithm infers an approximation of ecologicallhés
using xnging .|nterp0. ation, based on readings iaite of the species from presence-only data (PHILLIPS et
oceaqographlc stations throughout the southwestegr_’ 2006), having previously been applied to nerin
Atlantic  between 1994 and  2000. Althoughg,ganisms (BIGG et al., 2008; TITTENSOR et al.,
measurements taken near the surface may N9H09: VERBRUGGEN et al 2009)

represent environmental conditions in the benthic ' Although a niche-based model describes the
zone, they may be used with reasonable cautio ity of an ecological space, it is typically

especially for shallow-water species (TITTENSOR e roiected into a ageoaraphical space. vieldina a
al., 2009: VERBRUGGEN et al., 2009). BathymetryID J ! geographical space, yielding
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geographical area for the predicted presence of thesuitable - and 1 — highest suitability). Therefoa
species. Areas that satisfy the conditions of @ispe fixed threshold of 0.5 was used to convert all the
fundamental niche represent its potential distidoyt predicted suitable habitats into a map of an oy h
whereas the geographical areas it actually inhabisuitability class. Although subjective, we consater
constitute its realized distribution. The realizgidhe that this threshold was conservative, adequatehior
may be smaller than the fundamental niche (witltase of threatened species, but that the resultdcha
respect to the environmental variables being maljele be interpreted with caution, due to the other
in which case the predicted distribution will beadler ~ environmental variables that had been omitted. Thus
than the full potential distribution. However, tbhet we superimposed the geographical extent of theljigh
extent that the model accurately portrays the gséci suitable areas on the digital map of the Brazilian
fundamental niche, the projection of the model intgovernmental system of MPAs. Digital maps of the
geographical space will represent the speciesipiale MPAs were compiled from the IBAMA data set
distribution. Thus, the Maxent modeling approach ca(available in http://www.ibama.gov.br/zoneamento-
be used in its present form for many applicatioith w ambiental/ucs/), with the use of the ArcGIS 9.1.
presence-only datasets (PHILLIPS et al., 2006). Currently, MPAs cover an area of approximately 10
300 knf. This dataset, continuously updated, contains
MPAs at the three administrative levels — fedestte
and county. In this estimate, we separated the MPAs
We used the Maxent software version 3.3.1nto two categories with different levels of praten:
(http:/Awww.cs. princeton.edu/~schapire/maxent) ito f Strict protection and sustainable use.
the Maxent model, using default model parameters (a RESULTS
convergence threshold of "$0a maximum iteration
value of 1000 and automatic regularization with a Algorithms consistently produced
value 10%; these default settings have been shown tpredictions that were better than random (Tablé&@).
achieve good performance (PHILLIPS; DUDIK, all partitions of the occurrence data, the AUC value
2008). The model output consists of a spatiallylietp were greater than 0.5, i.e. models ran better than
probability surface that represents an ecologi@@ien random. The jackknifing of variables suggested that
(habitat suitability) translated from macroecol@gic bathymetry was the most influential environmental
space into geographical space (VERBRUGGEN et alariable in determining habitat suitability, though

Model Processing and Interpretation

2009). temperature and salinity were also important fanso
For evaluating the performance of ourspecies (Fig. 2).
model, we used a cross-validation procedure. Fain ea Predicted suitable habitats for the maximum

species, we made 10 random partitions of thentropy model are depicted in Figure 3. Highly
occurrence points. Each partition was created byguitable habitats for threatened marine invertelsrat
randomly selecting 70% of the occurrence points agere predicted to occur especially along the Braaili
training data and 30% of the occurrence points aspast at lesser depths (< 200 meters). In general,
testing data (PHILLIPS et al., 2006). The algorithmhabitat suitability for all species followed the
was run with all environmental variables (tempemtu configuration of the continental shelf, showing ttha
salinity, bathymetry, slope, benthic zones andhese species are typically neritic forms. Mostly
rugosity). A jackknife procedure was used to examinoffshore, the algorithm indicated suitable conditio
the importance of each variable by comparing théor some species on the Abrolhos Bank and the range
model without that variable against that with iteW of submarine banks Vitéria-Trindade (e.oC.
used a threshold-independent measure, the AUC (argsnuispina M. alcicornis andE. tribuloides. The role
under the curve), to assess our model. AUC isf the submarine banks close to Rocas Atoll and
calculated by summing up the area under a receiv€ernando de Noronha Island, and Rio Grande Rise,
operating characteristic (ROC) curve, which is a ploproviding highly suitable areas, can also be oleskrv
of sensitivity (also known as the true positiveerand (e.g. for E. complanata E. tribuloides and L.
representing absence of omission error) against 1 guildingi). Other species, such @& marginatus E.
specificity (also known as the false positive ratel companataand E. (Othilia) brasiliensis showed low
representing commission error) for all possiblenabitat suitability on the north coast close to the
thresholds (PHILLIPS et al., 2006). The value of atAmazon River. With few exceptions (e.ésterina
AUC index varies between 0 (performance worse thastellifera, Coscinasterias tenuispina Luidia
random) and 1 (perfect discrimination), with 0.5nge  senegalensis and Paracentrotus gaimardli the
indistinguishable from random. majority of the species occurred in accordance with

To estimate the overlap with the Brazilianthe pattern of geographical distribution shown &blE
MPAs, we first created a filter in the map presdrae 1. These four species had their geographical
the full-rank habitat suitability (that varies besn 0 — distributions or bathymetric ranges enlarged.
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The distribution of highly suitable areas for
Table 2. Mean (+ SD) of AUC (area under the cumadles threatened marine invertebrate species showeé littl
for each species (n=10). Models were calibratechgusi gverlapping with the government’s protected areas
training data (70% of occurrence points, randoreleated),  (Taple 3). Overall, our results showed that species

and AUC values were calculated from test data (3% ,qqqciated with soft-bottom substrata presentes les
occurrence data).

Species

AUC (mean £ SD)

overlapping than did species typical of reef habita
This was evident for Condylactis gigantea

&ﬁ&%ﬂfgtgslc?é%?gitsea é:gggig:ggg Phillogorgia dilatata and Millepora alcico.rnis that .
Phyllogorgia dilatata 0.997 + 0.001 had 30.01%, 15.36% and 9.24%, respectively, of high
Eurythoe complanata 0.987 + 0.006 suitability habitats covered by Brazilian MPAs. In
Asterina stellifera 0.999 + 0.001 general, restricted-range species also presented
Astropecten braziliensis 0.993 £ 0.002 proportionately more highly suitable areas which
A. marginatus o 1.000 +0.000 overlapped the MPAs than did those species
Coscinasterias tenuispina 0.990 + 0.006 distributed throughout the Brazilian coast, such as
Ech!gaster .(t?tr'.'('ja) brasiliensis 8'823f8'88}1 Condylactis gigantea with distribution almost
Litéilki:rgutilrliiggoil es 0.987 + 0.006 exclusively restricted to the Abrolhos Bank, and
Luidia clathrata 0.995 + 0.003 Paracentrotus gaimardiwith distribution restricted to

L. ludwigi scoti 0.997 +0.003 the southeastern coast. For all species, the agwera
L. senegalensis 0.998 + 0.001 provided by MPAs of strict conservation (more
Oreaster reticulatus 0.969 +0.014 adequate in the case of threatened species) was
Paracentrotus gaimardi 0.999 £ 0.001 extremely small.

Condylactis gigantea

Millepora alcicornis

Phyllogorgia dilatata

Eurythoe complanata

Asterina stellifera
Astropacten braziliensis

A marginarus

Coscinasierias fenuisping

Echinaster (Othilia) brasiliensis

Eucidaris tribuloides

Linckia guildingi

Luidia clathraia

L. ludwigt scotti

L. senegalensis

Oreaster reticulatus
Paracentrotus gaimardi

|

||
.,\

I|

|

o

M bathymetry

50 1

(]

0

slope W rugosity Obenthiczone M temperature M salinity

Fig. 2. Selected environmental variables and tlpeircent contribution in Maxent model for threatenedrine
invertebrate species in Brazilian coast.
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Fig. 3. Predicted potential suitable habitats fureatened marine invertebrate species along theiliBra coast, using a

Maximum Entropy (Maxent) model. Higher values irmd&more suitable habitat (cont.).
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Fig. 3: Predicted potential suitable habitats foreatened marine invertebrate species along theili@ra coast, using a
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Table 3. Estimated percentage of the highly sigtaveas for threatened marine invertebrate spewvisapped
with Brazilian MPAs.

Species Sustainable use (%) Strict conservation (%) Total (%)
Condylactis gigantea 23.70 6.31 30.01
Millepora alcicornis 7.83 1.41 9.24
Phyllogorgia dilatata 12.20 3.16 15.36
Eurythoe complanata 4.90 0.58 5.48
Asterina stellifera 3.56 0.73 4.29
Astropecten braziliensis 1.77 0.52 2.29
A. marginatus 0.13 0.37 0.50
Coscinasterias tenuispina 5.01 0.47 5.48
Echinaster (Othilia) brasiliensis 0.00 0.24 0.24
Eucidaris tribuloides 3.38 0.55 3.93
Linckia guildingi 2.63 0.58 3.22
Luidia clathrata 5.34 1.93 7.27
L. ludwigi scotti 0.02 0.31 0.33
L. senegalensis 0.04 0.38 0.42
Oreaster reticulatus 2.53 0.32 2.85

Paracentrotus gaimardi 10.91 3.38 14.29
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Discussion the original resolution of the climatic and bathyrite
data (and the latter's derivatives) is somewhat too
The algorithm  produced  reasonablecoarse adequately to represent patches of the hard-

predictions of the species’ potential distributionsPottom substrata. _

(areas of suitable environmental conditions). The The role played by the submarine banks
models perform digital compilations of the specieg!ose to Rocas Atoll and Fernando de Noronha Island
range designed for use in conservation biology an@s Well as that of the Vitéria-Trindade submarine
macro-ecological studies (PHILLIPS et al., 2006)Ridge, which provide conditions suitable for the
Most strikingly, the models correctly indicated theestablishment of populations of echinoderm and
suitable habitats for most of the species, as may tgnidarian assemblages, has already been demodstrate
observed by comparing Table 1 with Figure 3for other taxonomic groups (GASPARINL;
showing that the patterns predicted by the model aFLOETER, 2001; JOYEUX et al., 2001; NEUMANN-
largely consistent with current knowledge of theLEITAO et al., 2008). These environments present
species. Unsurprisingly, most of the species had glatively shallower waters, with summits coming
larger range size than expected for tropical benthiclose to the surface (10-100m), and greater trophic
taxa. Macpherson (2003) corroborated this statemeR@Mplexity, influenced by topographic upwelling
by demonstrating that the ranges for the benthitGASPARINI; FLOETER, 2001; STRAMMA et al.,
species inhabiting the tropical provinces of thesteen ~ 1990), than the surrounding regions. In contrdss, t
Atlantic are comparatively larger than those for€gion near the mouth of the Amazon River has an
species living at higher latitudes. Moreover, it is€normous terrigenous input frc_)m the freshwater flow
important to emphasize that species with enlarge@cting to separate the marine assemblage fauna
geographical distributions or extended bathymetri€AMARAL; JABLONSKI, 2005; JOYEUX et al.

ranges need to be validated by field surveys or th€001). This probably accounts for the low habitat
judgment of specialists. suitability in shallow waters for some species.

Furthermore, the potential habitat The spatial distribution of marine organisms
distributon map has been used to discover ne®an be explained by a variety of factors from srtell
populations and identify top-priority survey siteslarger-scale. Entrambasaguas et al. (2008) shaveed t
(ANDERSON; MARTINEZ-MEYER, 2004). Thus, echinoderm assemblages are patchy on spatial scales
our models may provide predictions of suitabldfom hundreds of meters to hundreds of kilometers,
regions in areas not yet well sampled, mainly ia th but Fhat variability seems to be greater on therfin
case of the benthic marine organisms that are amofgatial scale. Those authors suggest that smdk sca
the least known taxonomic groups on the northeth arpatchiness is to be associated with variationsalitht
northeastern  Brazilian coast, due both tdtructure (spatial heterogeneity and complexitydl an
inconspicuousness and the absence of populati®oth are more closely correlated with species
studies (Amaral; Jablonski, 2005). belonging to the Asteroidea class. Thus, to impmve

We have shown that the habitat distributionthe mapping of the current study, habitat suitgpili
patterns for threatened marine invertebrate spegies Modeling should include other information on seaflo
be modeled on the basis of a small number dgharacteristics such as rocky substrata, coralatgal
occurrence records and environmental variablesgusirfOvers, numbers of different sized boulders, etc.
Maxent, even though distribution data on threatened Analysis of the environmental variables
species are often sparse (Engler et al., 2004) asfowed that the influence of bathymetry on the
clustered, making commonly used habitat modelin§iIStrIbUtlon of species was larger than that aheliic
approaches difficult. actors (temperature and salinity). Water depth is

The habitat suitability mapping can estimate€ither directly or indirectly related to severafiaales
the extent of occurrence (EOO) of the species, ad/iCh as temperature, pressure, light availability,
defined by IUCN (2001). This parameter measures @resence and abundance of predator or prey species
particular taxon’s geographical distribution - wiic and food supply, and therefore exerts a first order
may contain unsuitable or unoccupied habitats, i.€ontrol over the occurrence of species in the azean
discontinuities or disjunctions within the overall However, some authors have discussed whether water
distributions of taxa. The habitat suitability mafthe ~ depth is in fact the most important factor or wieeth
present study should, therefore, be interpretedh witiS an indirect surrogate for the distribution ohtréc
caution because it does not represent a detailpdofna SPecies  (ENTRAMBASAGUAS et al., 2008;
actually occupied habitats (i.e. areas of occupancyHARRIS; WHITEWAY, 2009). Furthermore, there
This fact is particularly true for species with miped ~Was a strong correlation between many of the
distributions or with irregularly shape ranges,tsas €nvironmental variables used in the analyses, and
those associated with hard-bottom substrata [@.g. although the model is robust in this regard, the
tenuispinaand E. (Othilia) brasiliensis Moreover,
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jackknife results from the Maxent may only be takempotential priority sites for the conservation of

as a guide. threatened marine invertebrates.
Our results demonstrate that the few suitable
areas for threatened species overlap Brazilian MPAs. ACKNOWLEDGEMENTS
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