Figure 163. Paradiplogrammus bairdj, 29.8 mm SL, dorsal view of
a smaller adult male, photo by JT Williams.
doi:10.1371/journal.pone.0010676.9163

Figure 164. Coryphopterus dicrus, 31.8 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9164

Figure 165. Coryphopterus eidolon, 18.3 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9165

Figure 166. Coryphopterus glaucofraenum, 33.7 mm SL, photo by
JT Williams.
doi:10.1371/journal.pone.0010676.9166

Figure 167. Coryphopterus personatus, 19.0 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9167
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Figure 168. Coryphopterus thrix, 26.8 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9168

Figure 169. Elacatinus chancei, 28.1 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9169

Figure 170. Flacatinus evelynae, 27.7 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g170

Figure 171. Evermannichthys metzelaari, 21.0 mm SL, photo by
JT Williams.
doi:10.1371/journal.pone.0010676.9171

Figure 172. Gnatholepis thompsoni, 31.5 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.g172
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Figure 173. Lythrypnus elasson, 9.2 mm SL, adult male, photo by
JT Williams.
doi:10.1371/journal.pone.0010676.9173

Figure 174. Lythrypnus minimus, 10.6 mm SL, adult male, photo
by JT Williams.
doi:10.1371/journal.pone.0010676.9174

Figure 175. Lythrypnus nesiotes, 11.9 mm SL, adult male, photo
by JT Williams.
doi:10.1371/journal.pone.0010676.9175

Figure 176. Priolepis hipoliti 12.2 mm SL, female, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g176

Figure 177. Priolepis hipoliti, 18.7 mm SL, adult male, photo by
JT Williams.
doi:10.1371/journal.pone.0010676.9177
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Figure 178. Psilotris batrachodes, 13.3 mm SL, adult, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g178

Figure 179. Psilotris boehlkei, 26.5 mm SL, adult, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g179

The fresh colors of P. boehlke: are presented (Figure 179) for the
first time. This very rare species was previously known from only
five specimens taken at St. Barthelemey in 1965. The single
specimen we collected extends the known distribution of P. boehlke
to Saba Bank. We have named this species the yellowspot goby in
reference to the yellow spots on the head and body.

Pycnomma roosevelti Ginsburg, 1939 —Roosevelt’s goby; USNM,
I; Figure 180

Although P. roosevelts has previously been taken from a several
scattered localities around the Caribbean (Isla Providencia,
Guadeloupe, Belize and Puerto Rico), there are fewer than 10
specimens known and its fresh colors (Figure 180) have not been
published previously.

Risor ruber (Rosén, 1911) —tusked goby; USNM, I; Figure 181

Acanthuridae—surgeonfishes

Acanthurus bahianus Castelnau, 1855—ocean surgeon; USNM, I,
0, V; Figure 182

Acanthurus chirurgus (Bloch, 1787)—doctorfish; USNM, I, O, V;
Figure 183

Acanthurus  coeruleus Bloch & Schneider,
USNM, I, O, V,; Figure 184

1801—blue tang;

Sphyraenidae—barracudas
Sphyraena barracuda (Walbaum, 1792)—great barracuda; O, V

Scombridae—mackerels

Acanthocybium solandri (Cuvier, 1832)—wahoo; F

Euthynnus alletteratus (Rafinesque, 1810)—little tunny; USNM;
Figure 185

Figure 180. Pycnomma roosevelti, 14.6 mm SL, adult, photo by
JT Williams.
doi:10.1371/journal.pone.0010676.9180
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Figure 181. Risor ruber, 18.7 mm SL, adult, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9181

Figure 182. Acanthurus bahianus, 128.2 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9182

Scomberomorus regalis (Bloch, 1793)—cero; USNM
Thunnus atlanticus (Lesson 1831)—blackfin tuna; F; Figure 186

Caproidae—boarfishes

Antigonia capros Lowe, 1843—deepbody boarfish; USNM, F;
Figure 187

Antigonia combatia Berry & Rathjen 1959—shortspine boarfish;
UF, T

The shortspine boarfish record from Saba Bank is based on a
trawl collection with vouchered museum specimens at UF.

Bothidae—lefteye flounders

Bothus lunatus (Linnaeus, 1758)—peacock flounder; O

Bothus ocellatus (Agassiz, 1831)—eyed flounder; UF, USNM, I;
Figure 188

Figure 183. Acanthurus chirurgus, 168.0 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9183
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Figure 184. Acanthurus coeruleus, 146.2 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9184

Figure 185. Euthynnus alletteratus, 355.1 mm FL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9185

Trichopsetta ventralis (Goode & Bean, 1885)—sash flounder; UF,
T

Paralichthyidae—sand flounders
Citharicthys ~ dinoceros Goode & Bean,
USNM, T

1886—spined whiff;

Cynoglossidae—tonguefishes
Symphurus arawak Robins & Randall, 1965—Caribbean tongue-
fish; USNM, I, Figure 189
Symphurus — ommaspilus  Bohlke,
USNM, I; Figure 190

1961—ocellated tonguefish;

Balistidae—triggerfishes
Balistes vetula Linnaeus, 1758—queen triggerfish; USNM, O, V
Canthidermus sufflamen (Mitchill, 1815)—ocean triggerfish; O, V
Melichthys niger (Bloch, 1786)—black durgon; USNM, O, V
Xanthichthys ~ ringens (Linnaeus, 1758)—sargassum triggerfish;
USNM, I; Figure 191

Figure 186. Thunnus atlanticus, 516 mm FL, photo by W Toller.
doi:10.1371/journal.pone.0010676.9186
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Figure 189. Symphurus arawak, 30.7 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9189

Figure 190. Symphurus ommaspilus, 42.9 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g190

Figure 187. Antigonia capros, 37 mm SL, close-up of head, photo
by W Toller.
doi:10.1371/journal.pone.0010676.9187

Monacanthidae—filefishes
Aluterus seriptus (Osbeck, 1765)—scrawled filefish; USNM, F, V
Cantherhines macrocerus (Hollard, 1853)—whitespotted filefish;
USNM, F; Figure 192

Cantherhines pullus (Ranzani, 1842)—orangespotted filefish; O, V Figure 191. Xanthichthys ringens, 87.3 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9191

Figure 192. Cantherhines macrocerus, 273 mm SL, image flipped
Figure 188. Bothus ocellatus, 95.8 mm SL, photo by JT Williams. horizontally - right side is shown, photo by W Toller.
doi:10.1371/journal.pone.0010676.9188 doi:10.1371/journal.pone.0010676.9192
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Monacanthus cihiatus (Mitchill, 1818)—fringed filefish; USNM, I,
V; Figure 193

Monacanthus tucker: Bean, 1906—slender filefish; USNM, I,
Figure 194

Ostraciidae—boxfishes

Acanthostracion  polygonia  Poey,
USNM, F, O, V

Acanthostracion quadricornis (Linnaeus, 1758)—scrawled cowfish;
USNM, F, O

Lactophrys bicaudalis (Linnaeus, 1758)—spotted trunkfish; F

Lactophrys trigonus (Linnaeus, 1758)—trunkfish; USNM, I, V;
Figure 195

Lactophrys triqueter (Linnaeus, 1758)—smooth trunkfish; USNM,
F, OBS, VIS; Figure 196

1876—honeycomb cowfish;

Tetraodontidae—puffers

Canthigaster rostrata (Bloch, 1786)—sharpnose puffer; USNM, I,
0, V; Figure 197

Sphoeroudes spengleri (Bloch, 1785)—bandtail puffer; USNM, I, O;
Figure 198

Diodontidae—porcupinefishes

Chlalomycterus antillarum Jordan & Rutter, 1897—web burrfish;
USNM, F; Figure 199

Diodon holocanthus Linnaeus, 1758—balloonfish; USNM, 1, V;
Figure 200

Diodon hystrix Linnaeus, 1758—porcupinefish; O

Discussion

We document the occurrence of 270 species of fishes at Saba
Bank. The diversity of fishes at Saba Bank is comparable (Table 1)
to that of the oceanic atolls of Colombia (273 species), the islands
in the Mona Passage of Puerto Rico (261 species) and Buck Island
Reef National Monument (BIRNM; 262 species). The relatively
high diversity of fishes at Saba Bank exists despite the lack of
emergent land at the bank. There is no shallow-water shore-fish
fauna represented on the bank due to the absence of a high-energy
shoreline. These habitats typically add significantly to the fish
diversity of Caribbean habitats. For example, the tube blennies
(family Chaenopsidae) are a group of shorefishes typically found in
fairly shallow coastal waters. According to Williams [4], there are
approximately 22 recognized species of tube blennies known to

Fishes of Saba Bank

Figure 194. Monacanthus tuckeri, 32.3 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g194

Figure 195. Lactophrys trigonus, 293.1 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g195

Figure 196. Lactophrys triqueter, 111.7 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g196

Figure 193. Monacanthus ciliatus, 33.4 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g193

@ PLoS ONE | www.plosone.org

Figure 197. Canthigaster rostrata, 50.9 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9197
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Figure 198. Sphoeroides spengleri, 73.1 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g198

occur in the central Caribbean, but only three of these species
were found on Saba Bank. In addition, the absence of mangrove
vegetation and apparent lack of sea-grass beds also limits the fish
fauna of Saba Bank. In their quantitative study of a number of
Saba Bank habitats, Toller et al. [5] attribute the apparent lack or
rarity of a number of fish species found on Saba Bank to the
absence of those habitats as nurseries for the juvenile stages of
these fish species. Nevertheless, diverse habitat types exist on Saba
Bank ranging from coral reefs and algal flats to soft-bottom lagoon
areas and scoured hard, flat, pavement-like zones. These diverse
habitats support a highly diverse, fish fauna and include a number
of undescribed, new species along with species rarely encountered
elsewhere in the Caribbean.

The highly diverse, fish fauna so far reported appears to
substantially under represent the species richness of fishes for Saba
Bank. The actual species-accumulation curve of rotenone
collections and visual surveys combined do not reach an asymptote
(Figure 201). The expected species-accumulation curves (Chao2
and Jackl estimators in EstimateS) predict total fish-species
richness somewhere between 320 and 411 species.

Of the 270 species we report (Table 1) from Saba Bank, 132
(49%) were observed during visual surveys. This result is
comparable to the findings for Navassa Island where 41% of the
fish species were detected by visual surveys [6], for the Mona
Passage islands with 43% of the fish species detected visually [7],
and for BIRNM with 44% of the fish species detected visually [8].
A higher percentage of fish species was detected visually at Saba
Bank than at Navassa, Mona, or BIRNM. This could possibly be a
result of the higher number of visual surveys carried out at Saba
Bank than at Navassa or Mona. Although the BIRNM results are
based on a higher number of visual surveys (70), a comparable
percentage of the fauna was detected visually at BIRNM. BIRNM
ichthyocide surveys (58) appear to demonstrate the ability of
ichthyocide collections to more thoroughly sample the fauna (see
below). Visual censuses have numerous biases as discussed in the
methods for the Pelican Cays study [9]. Despite the slight
differences in methods and sampling designs between the
published fish species-richness studies in different parts of the

Figure 199. Chilomycterus antillarum, 180.0 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9199
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Figure 200. Diodon holocanthus, 104.9 mm SL, photo by JT
Williams.
doi:10.1371/journal.pone.0010676.9g200

Caribbean, the methods utilized produce consistent and compa-
rable results.

Ichthyocide collections at Saba Bank yielded specimens
representing 155 fish species (57% of the total fish fauna). At
Navassa Island where there were fewer visual surveys than at Saba
Bank, over 70% of the fish species were collected with ichthyocide
[6], at the Mona Passage islands, 61% of the fish species were
collected with ichthyocide [7], and at BIRNM, 87% of the fish
species were collected with ichthyocide despite their being more
visual surveys in the BIRNM study [8]. By occupying 58 (27 at
Saba Bank) ichthyocide stations covering a broader diversity of
ecological habitats, the BIRNM study appears to have obtained a
more thorough sampling of the resident species. The lower
number of species taken at Saba Bank with ichthyocide is at least
partially due to the absence of shallow habitat. Shallow habitat is
required by many of the small cryptic fish species that are normally
detected only with the use of ichthyocide and these species have
not been found at Saba Bank. The prevalence of strong currents
across Saba Bank further limits the effectiveness of ichthyocide,
which is only effective when relatively high concentrations of
ichthyocide remain in one place (preferably in a confined area) for
more than 15 to 20 minutes. The ichthyocide-collecting methods
employed at Saba Bank were the same as those used at Navassa
Island and Belize. The BIRNM ichthyocide collecting methods
differed from ours only in that the BIRNM study used a block net
in addition to collecting outside the net. Nevertheless, the BIRNM
methods were comparable to ours because the BIRNM study
included those species collected outside the block nets in their
results. There are inherent biases in ichthyocide collecting due to
unpredictability of environmental parameters, such as currents,
temperature, degree of confinement of the sampling area, ability of
larger species to swim away, and variable assays of active rotenone
in the powdered Derris root (batches often vary from 5% to over
11% active rotenone due to natural variation in rotenone
concentration among the roots of different plants). Despite these
biases, ichthyocide collections vyield comparable results as
described above.

Neither visual surveying nor ichthyocide collecting alone are
capable of providing a comprehensive survey of coastal (or
submerged atoll in the case of Saba Bank) fish species. A
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Source

Starck [12]

Longley & Hildebrand [13]
Smith-Vaniz et al [14]
Clavijo et al [15]

C.L. Smith et al [9]

C.L. Smith et al [9]

Mejia et al [16]

This paper

Smith-Vaniz et al [8]
Dennis et al [7]

E. Hickerson, NOAA, pers. comm., Dec. 2009
Collette et al [6]

C.L. Smith et al [9]

C.L. Smith et al [9]

C.L. Smith et al [9]

combination of visual surveys, ichthyocide sampling using
SCUBA, and various fishing techniques must be employed to
effectively assess fish-species richness in marine habitats shallow
enough to be accessible to SCUBA divers.

The number of fish species living on Saba Bank is undoubtedly
higher than 270 as indicated by Chao2 and Jackl estimators. As
most parts of Saba Bank are deeper than 25 m, sampling with
ichthyocides using SCUBA is limited by the reduced bottom time
at these depths. As a result we focused primarily on the rim
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Figure 201. Actual species-accrual curve (black dots) for 38
dives collecting and identifying fish species on Saba Bank. Sobs
(Mao Tau) 95% confidence intervals [8] are shown as light blue dashed
lines.

doi:10.1371/journal.pone.0010676.9201
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Table 1. Number of fishes recorded at well sampled sites in the Greater Caribbean.
Site No. fish species
Alligator Reef, FL 517

Dry Tortugas, FL 442

Bermuda 433

St. Croix 400

Barrier Reef, Belize 339

Offshore Banks, Belize 293

Oceanic Atolls, Colombia 273

Saba Bank 270

Buck Island Reef 262

Mona Passage Islands, Puerto Rico 261

Flower Garden Bank Nat. Mar. Sanctuary, Texas, USA 240

Navassa Island, USA 237

Rhomboidal Cays, Belize 193

Core Pelican Cays, Belize 168

Peripheral Rhomboidal Cays, Belize 123
doi:10.1371/journal.pone.0010676.t001

(shallowest parts) of the submerged atoll to maximize bottom time
for collecting. Future sampling with ichthyocides applied by divers
utilizing rebreathers, supplemented with trawl and dredge
sampling would allow collecting from the outer slopes and would
certainly yield additional new and interesting species of fishes from
this submerged atoll.

Methods

The NMNH/SI Animal Care and Use Committee approved
the methods and procedures utilized during the course of this
biodiversity assessment project. All Saba Bank projects had
collecting permits through the Convention on Trade in Endan-
gered Species (CITES, where necessary) and the Saba Conserva-
tion Foundation (where CITES was not required).

Roving surveys were completed using SCUBA and lasted 60
minutes, bottom time permitting. All species encountered were
listed on a slate while swimming in a haphazard pattern covering
all bottom depths possible down to a maximum of 38 m. Other
visual surveys are described in Toller et al [5]. Collecting methods
follow Collette et al [6]. Species were photographed in aquaria
after the fins were pinned out and brushed with formaldehyde
solution. Tissue samples were taken from fresh specimens and the
voucher specimens were preserved in a formaldehyde solution
diluted with water to 3.75% formaldehyde. Large specimens were
also injected with 37.5% formaldehyde before being soaked in the
3.75% formaldehyde solution.

After arrival at the Museum Support Center (MSC), National
Museum of Natural History, specimens were transferred sequen-
tially through water-diluted solutions of 25% ethanol, 50%
ethanol, and finally into 75% ethanol for permanent archival
storage. Specimens were then processed and cataloged into the
USNM at the MSC in Suitland, MD.

To generate species-accumulation curves, a data matrix of
presence/absence was constructed from 38 combined roving
surveys, rotenone collections, and fish-habitat transects using
species as variables and dives as observations (Table 2 provides
details for each survey and collecting station). The matrix was
employed for actual and expected species-accumulation curves
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Table 2. Collecting stations occupied on Saba Bank, 2006-2007.
Roving &
Station number Rotenone Coordinates Date Depth (m) Local name Description of habitat
Saba-06-01 RRO1 17028.778N; 04 Jan 2006 30 North East Reef N.E. reefs, just S of Poison Bank. Spur
63013.663W and groove reef, low relief, many
algae (Dictyota)-rotenoned a groove
in reef with sand at bottom, walls of
groove with low corals
Saba-06-02 RRO2 17026.883N; 05 Jan 2006 38 Small Bank South Small Bank South. Scattered corals,
63054.055W many Xestospongia. Nassau grouper,
yellowfin grouper, and black grouper
sighted. Nurse shark-rotenoned area
with encrusting corals
Saba-06-03 RRO3 17025.778N; 05 Jan 2006 35 Rhodolith Reef Western patch reef, many rodoliths-
63041.037W rotenoned a flat area with sponges
and rubble bottom
Saba-06-04 17018.557N; 05 Jan 2006 35 Fish Trap- Local Fishermen
63022.019W
Saba-06-05 RRO4 17024.602N; 06 Jan 2006 27 Redman Bulge Eastern reef, spur and groove,
63011.748W medium height, many algae (dictyota)
Saba-06-06 RRO5 17026.028N; 06 Jan 2006 22 Seaweed city pavement covered with ca. 10 cm
63016.536W sand layer, Pseudopterogorgia, many
algae species
Saba-06-07 17033.697N; 0-1 Caught on hook and line while trolling
63046.949W over Saba Bank
Saba-06-08 RRO6 17033.092N; 07 Jan 2006 37 Grouper Bank bare pavement, occasional solution
63028.758W holes, Manicinias, many conch (old)
Saba-06-09 RRO7 17034.893N; 07 Jan 2006 30 Rendezvous Hill pavement with corals, low relief-
63024.400W rotenoned a low-relief coral reef with
soft and hard corals, and sponges
Saba-06-10 17025.883N; 08 Jan 2006 0-1 Caught on hook and line while trolling
63021.874W over Saba Bank
Saba-06-11 RRO8 17014.070N; 08 Jan 2006 25 Butterfly Reef Southern outer reef. Spur and groove,
63026.915W medium height (2-3 ft)
Saba-06-12 RR0O9 17014.380N; 08 Jan 2006 18 Brain coral reef Southern inner reef, rock pavement,
63026.915W scattered corals
Saba-06-13 RR10 17033.801N; 09 Jan 2006 32 Fishpot surprise sloping pavement with ledges, sand
63017.806W patches and large rubble, algae,
scattered corals-rotenoned an area with
sand and loose rock at base of rocky
slope with brown algae abundant.
Saba-06-14 17033.970N; 09 Jan 2006 40 Fish Trap
63017.227W
Saba-06-15 17033.897N; 09 Jan 2006 40 Fish Trap
63017.730W
Saba-06-16 17033.878N; 10 Jan 2006 40 Fish Trap
63017.168W
Saba-06-17 RR11 17033.849N; 10 Jan 2006 26 Lost anchor Sloping pavement, patches of large
63017.872W rubble, algae, scattered corals; red
hind spawning area
Saba-06-18 17033.837N; 10 Jan 2006 30 Fish Trap
63017.962W
Saba-06-19 RR12 17033.686N; 10 Jan 2006 26 Moonfish Bank Sloping pavement, sand patches,
63017.629W large rubble, algae, scattered corals;
red hind spawning area
Saba-06-20 17030.751N; 12 Jan 2006 29 Poison Bank Rotenone
63013.632W
Saba-06-21 17028.046N; 12 Jan 2006 19 Rotenone-northeastern shallow flats
63014.978W
Saba-06-22 17026.390N; 13 Jan 2006 26 Rotenone-flat bottom in central area
63027.776W of bank
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(Mao Tau) in EstimateS v.8.0 software [10]. Total expected
richness was estimated using Chao2 and Jackl estimators.

A Bray-Curtis resemblance matrix was generated from a matrix
of presence/absence data from 12 combined roving surveys and
rotenone collections in order to produce a non-metric multidi-
mensional scaling (MDS) ordination and group averaged hierar-
chical clustering dendrogram in PRIMER v. 6.1 software [11].
The ANOSIM statistic was employed to test for a prior: differences
between habitat types and depth classes. A dendrogram based on

Saba Bank Fish Surveys

Depth

Table 2. Cont.
Roving &
Station number Rotenone Coordinates Date Depth (m) Local name Description of habitat
Saba-06-23 17030.580N; 13 Jan 2006 28 Rotenone-flat bottom in central area
63027.595W of bank
Saba-06-24 17020.766N; 14 Jan 2006 31 Coral Garden Rotenone-coral groove at top of steep
63015.008W outer dropoff on SE side of Saba Bank,
rock, coral, and sponges, sand at
bottom of groove.
Saba-06-25 17021.162N; 14 Jan 2006 18 Rotenone-near Coral Garden at SE
63015.138W edge of Saba Bank, small ledge on
edge of sand and rubble flat,
gorgonians, coral and rock
Saba-06-26 No label with these-specimens taken
at one or more of the other stations,
but their locality labels were lost
Saba 2007-01 17.51206 N; 20 Jun 2007 29-38 Poison Bank- rotenone-dead and live
63.2332 W coral channel with rubble on deep
reef.
Saba 2007-02 17.46028 N; 20 Jun 2007 15-19 Twin Peaks- rotenone-algae covering
63.2517 W rock and some sand on a low ridge
doi:10.1371/journal.pone.0010676.t002

group averaged hierarchical cluster techniques was used to
illustrate the differences among depth classes (Figure 202). Color
codes are derived from the similarity profile (SIMPROY) statistic
in Primer 6.1. SIMPROF is less powerful than ANOSIM,
intended for a posterior tests of structure in the data. The test
was employed here for representational purposes. A second data
matrix of species presence and absence was introduced for an a
posteriort test of genuine data structure among Caribbean localities,
using the Bray-Curtis resemblance measure to determine the level
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Figure 202. Hierarchical clustering dendrogram of stations showing significant differences (black bars) among fish assemblages at
deep stations versus middle-depth and shallow stations (SIMPROF, P<0.05).

doi:10.1371/journal.pone.0010676.9g202
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of similarity among localities. Principal Components Analysis
(PCA) was also conducted in PRIMER 6.1 in order to determine
the fish species primarily responsible for differences among
habitats.
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