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ABSTRACT. Within the Brazilian province, rocky reefs and submerged outcrops are among the most important
habitats for reef fishes, providing suitable habitats for the development of reef fish communities and
consequently sheltering a high ecological diversity. Rocky reef fish assemblages were sampled in seven coastal
islands in South Brazil by strip transects of 40 m? by the underwater visual census to obtain density (fish 40 m?)
and biomass (g 40 m). Fish species were also categorized according to trophic category and geographical
distribution. In total, 526 strip transects were performed, covering an area of 21,040 m?, providing 19,377 fish,
distributed among 73 species of 34 families. Itacolomis Island presented the highest density, followed by Veado
Island. Regarding biomass, Itacolomis Island and Pedra da Baleia were the most representative rocky reefs.
Mobile invertebrate predator was the trophic category with the highest density and biomass. A total of 60% of
the species occur in the Western Atlantic, 20% are Transatlantic and 9.6% are endemic to the Brazilian Province.
Our results indicate that despite the similarity in the taxonomic composition among islands, the observed
differences in densities and biomass, highlight singular assemblage structures, whether by environmental and/or

anthropogenic factors, and dominated by few species, both in density and biomass.
Keywords: rocky reef fish, taxonomic distinctness, trophic category, geographical distribution.

INTRODUCTION

The reef is a term used by the scientific community to
describe environments with a predominance of the hard
substratum and is usually associated with coral reef
barriers. However, it should be assumed that they are
not the only ones featuring a reef environment, once the
hard substratum comprising the reef environment may
have been originated not only from colonial polyploid
organisms (i.e., corals), but also from calcareous algae,
sponges, bryozoans, rocks, artificial structures or even
combinations of them (Hostim-Silva et al., 2006), also
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including sandy/muddy, gravel bottom areas adjacent
to the reef. These highly rich and complex environ-
ments allow fish communities to reach their highest
level of diversity within the marine ecosystem (Sale,
1991), although this diversity varies according to
geographical regions, being home for about 6300
species (Kulbicki et al., 2013).

Any fish species that use or come nearby reefs’
vicinity for refuge, feeding, breeding or just for
displacement, can be characterized as a reef fish. In
Brazil, at least 547 species (Freire & Carvalho-Filho,
2009) are assigned as reef fishes. They exhibit a wide
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variety of colors, shapes, feeding and reproductive
strategies, and several intra- and interspecific
associations (Monteiro-Neto et al., 2013). With such
richness and diversity, reef fish makes up complex
communities on rocky shores. Despite the lower
topographic complexity when compared to coral reefs,
rocky reefs may house a diverse fauna and flora
associated (Bertoncini et al., 2013).

Within the Brazilian province, rocky shore
environments can be considered as one of the main
habitats for reef biota is mainly present in the south-
southeast region of the country (Ferreira et al., 2001).
According to Floeter et al. (2001), rocky shores of the
states of Parana and Santa Catarina are part of
southeastern Brazil, which covers the states from
Espirito Santo to Santa Catarina.

There is an extensive literature on rocky shore fish
communities for the south-southeast coast of Brazil
(e.g., Hostim-Silva et al., 2006; Gibran & Mora, 2012;
Simon et al., 2013), but only a few address the rock
reefs of the coast of Parana and north Santa Catarina
states (Godoy et al., 2007; Hackradt & Felix-Hackradt,
2009; Daros et al., 2012). Sites with hard substrates
such as coastal islands, rocky reefs, submerged
outcrops, and limestone bottoms are scarce and barely
mapped in this southern Brazilian continental platform.
Thus, the study of these environments is of high
ecological importance, once they provide suitable
habitats for the development of communities with reef
characteristics. The present study aimed to i) classify
the species observed according to trophic category and
geographical distribution, and ii) evaluate the rocky
shore fish community structure of coastal islands of
southern Brazil, by comparing the density, biomass and
taxonomic distinctness among sampled islands.

MATERIALS AND METHODS

Study area

The study was performed along the islands in the
southern coast of Brazil in the states of Parand and
Santa Catarina (Fig. 1). In Parana, the study was
conducted at two sites: Currais Archipelago (25°44°S,
48°22°W) comprised of three islands, about 11 km off
the coast, with depths between 1.5 and 16.0 m; and
Itacolomis Island (25°50°S, 48°24°W), located 13 km
off the coast, with depths ranging from 3.0 to 17.0 m.
In Santa Catarina, about 3.5 km off the coast and about
37 km from Itacolomis Island, Gragas Archipelago
(26°10’S, 48°29°W) consists of five islands and six
outcrops. Within the archipelago, the study was
conducted in the islands of Paz, Pirata, VVeado and
Velha and at Baleia outcrop. The depth around the

archipelago varies from 1.5 to 18.0 m. Rocky shores of
islands have a moderate slope, between 45° and 60°,
mainly formed by blocks and boulders (<1 m diameter).
Only Baleia outcrop has a larger area and boulders
larger than 1 m covered mainly by macroalgae,
Palythoa sp. and Zoanthus sp.

Data collection

Data were obtained by underwater visual census
(UVC), using the strip transect technique (ST) of 40 m?
(20x2 m) (see also Floeter et al., 2007), adopted as a
sampling unit. Censuses were performed by SCUBA
divers between October 2008 and January 2010, in the
period from 07:00 to 15:00 h to avoid behavioral
variation of species (Willis & Anderson, 2003). Strip
transects were performed at an average depth of 6 m.

Species were identified based on the identification
keys and descriptions from Figueiredo & Menezes
(1980); Menezes & Figueiredo (1980, 1985); Randall
(1996); Humann & Deloach (2002); Hostim-Silva et al.
(2006) and Craig & Hastings (2007). During besides
species identification of species, divers obtained
density (fish 40 m) and estimated total length in four
size-classes (smaller than 10 cm; between 11 and 20
cm; between 21 and 30 cm; larger than 30 cm). Biomass
(9 40 m) was calculated using reference length-weight
curves of each species, where coefficients were
obtained from Froese & Pauly (2014), or when non-
existent, for the species closest to the genus. For the
conversion, we used mean values of each length class
(e.g., class 21-30 = 25 cm).

Trophic category

Fish observed in the study were grouped into eight
trophic categories: carnivorous (CAR), mobile herbi-
vorous (MOVH), territorial herbivorous (TERH),
omnivorous (OMN), mobile invertebrate predator
(MIP), sessile invertebrate predator (SIP), piscivorous
(PIS), planktivorous (PLK), adapted from available
literature (Randall, 1967; Opitz, 1996; Ferreira et al.,
2004; Floeter et al., 2004, 2006).

Geographical distribution

Species zoogeographic affinities were classified as
proposed by Luiz Jr. et al. (2008) as follows: Brazilian
Province, Central Atlantic (Islands of St. Helena and
Ascension), Circumtropical, Eastern Atlantic, Patagonia
(occur mainly in temperate rocky reefs in Southern
Argentina), Southern Caribbean (coast of Venezuela,
Trinidad and Tobago and other islands below the
Lesser Antilles), Southeastern Brazil (endemic to the
region encompassing 20° to 27°S), Transatlantic (on
both sides of the Atlantic Ocean), Western Atlantic
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Figure 1. Map with location of the islands sampled in the states of Parana and Santa Catarina. a) Currais Archipelago and

Itacolomis Islands, b) Gragas Archipelago.

(Western North and South Atlantic), Caribbean, South
Atlantic and Northwest Atlantic (Azores).

Data analysis

In order to check for differences in taxonomic structure
among locations, the indices of Average Taxonomic
Distinctness (AvTD) (A*) and Variation in Taxonomic
Distinctness (VarTD) (A*) were calculated as:

At =23 jw;]/[S (S — 1)/2]
At = 35 (i — AY)?/[S (S —1)/2)]

where: wij is the ‘‘distinctness weight’’ given to the
path length linking species i and j in the taxonomy and
S is the number of fish species found in a sample
(Xiujuan et al., 2010). The value of wi; =1 was used as
a constant step weight between taxonomic levels
(Clarke & Warwick, 1999).

The hierarchical classification associated with the
data matrix was used to calculate the values of 4* and

A", built from 73 observed species and following
Nelson (2006).

Comparisons of density (fish 40 m?), biomass (g 40
m?), AvTD, VarTD and trophic guilds between
locations (fixed factor) were performed using a
nonparametric Kruskal Wallis analysis of variance,
with the package agricolae (Mendiburu, 2013).
Analyses were run in Primer 6 software (Clarke &
Gorley, 2006) and in R environment (R Development
Core Team, 2011).

RESULTS

At Currais Archipelago and Itacolomis Island, 168 ST
was performed in each area. On the other hand, at the
islands of Paz, Pirata, and Velha, 48 ST were performed
per island, and at Baleia outcrop and Veados Island, 23
ST in each, totaling 526 ST.
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In total, 19,377 fish belonging to 73 species were
observed, distributed among 34 families, 8 orders and
2 classes. The Itacolomis Island showed the highest
number of species, followed by Currais Archipelago
(49), Pirata Island (37), Paz and Velha islands (both
with 34), Baleia Island (31) and VVeado Island (27). The
Blenniidae and Carangidae families had six species
each, followed by Epinephelidae, Haemulidae,
Pomacentridae, and Scaridae, with five species in each
family. Considering 526 ST, Stegastes fuscus,
Malacoctenus delalandii, Parablennius marmoreus
and Abudefduf saxatilis exhibited the highest frequency
of occurrence (92.59%, 85.74%, 51.52%, and 46.96%,
respectively). In relation to density, S. fuscus (9.56 fish
40 m?), A. saxatilis (6.13 fish 40 m?), Haemulon
aurolineatum (4.98 fish 40 m) and M. delalandii (4.46
fish 40 m?) were the most abundant species.
Acanthurus chirurgus (534.22 g 40 m?), S. fuscus
(216.33 g 40 m?), Kyphosus spp. (195.55 g 40 m?),
Diplodus argenteus (103.24 g 40 m?) and Anisotremus
virginicus (100.47 g 40 m) showed the highest values
of estimated biomass (Table 1).

Geographical distribution

Among the observed species, approximately 60.27%
(44) occur in the Western Atlantic, 20,54% (15) are
Transatlantic and 9.58% (7) are endemic to Brazil.
Species occurring in the Circumtropical Province,
South Atlantic, and Southern Caribbean contributed
with 5.48% (4), 2.74% (2) and 2.74% (2), respectively
(Fig. 2).

Trophic category

The 73 species observed were grouped into eight
trophic categories. Mobile invertebrate predators
(MIIP) were the most diverse with 21 species (28.8%).
Carnivorous (CAR) was the second category in a
number of species (14), representing 19.2% of the total
observed. The other categories together, omnivorous
(OMN), mobile herbivorous (MOVH), piscivorous
(PIS), planktivorous (PLK), territorial herbivorous
(TERH) and sessile invertebrate predator (SIP)
contributed with 52.5% of the number of species (11, 9,
6, 6, 4 and 2 respectively)

MIP was also the trophic category with the highest
density, 12.57 fish 40 m?, followed by TERH and
OMN with 9.61 and 8.25 fish 40 m™. Regarding the
biomass, MOVH accounted to the highest biomass,
780.48 g 40 m2, followed by MIP (300.57 g 40 m™),
TERH (217.42 g 40 m2) and OMN (217.41 g 40 m?).

Approximately 32% of the total density at Baleia
outcrop consisted of MIP species, followed by OMN
(29.12%), PLK (17.99%) and TERH (13.19%). The
sum of the remaining categories accounted for 7.55%.

At Currais Archipelago, species grouped into MIP,
TERH, OMN represented respectively 41.42%,
24.94% and 15.75% of the total density, while CAR,
MOVH, PIS, PLK, and SIP, together accounted for
17.89%. Thirty percent of the total density at Itacolomis
Island was represented by MIP with TERH represen-
ting 29.81% and OMN with 27.29%. The other
categories accounted for 11.23%.

In the Paz Island, the three categories with higher
total density values accounted for 83.37%, where MIP
contributed with 34.05%, OMN with 28.70% and
TERH with 20.62%. At the Pirata Island, MIP and
OMN were the trophic categories that contributed most
to total density, with more than 30% each. Carnivorous
and PLK accounted for 11.71 and 10.85%, respectively,
of the total density in the island. On the other hand,
TERH contributed with 42.77% of total density at
Veado Island. MIP and PLK represented 20.93% and
17.19%, respectively. At the Velha Island, the trophic
category that mostly contributed to the total density was
MIP, with 35.25%, followed by TERH (26.11%) and
PLK (19.04%). The other categories together
contributed, in this island, with 19.60% (Fig. 3).

MIP was the most representative group in terms of
total biomass at Currais Archipelago (31.55%) and
Velha Island (36.27%). In the Itacolomis Island,
MOVH showed the highest biomass, contributing with
70.17% of total biomass. Nonetheless, the category
OMN was the group with greatest biomass at Baleia
outcrop (48.61%), Paz Island (40.55%) and Pirata
Island (37.26%) (Fig. 4).

Size class

Fishes in the length class of less than 10 cm accounted
to a density of 25.96 fish 40 m2 (70.47% of total). The
length class between 11 and 20 cm showed a density of
9.37 fish 40 m?, 25.43%. Furthermore, the length
classes, 21 to 30 cm and larger than 30 cm, sheltered
densities of 0.94 fish 40 m?2 and 0.58 fish 40 m?,
representing 2.54% and 1.56%, respectively.

As for biomass, the size class of individuals larger
than 30 cm accounted for 929.18 g 40 m?, 51.90% of
the total. Fish smaller than 10 cm presented only 50.64
g 40 m?, 2.83% of the total, while fish between 11 and
20 cm, 552.82 g 40 m2 (30.88%) and fish between 21
and 30 cm presented 257.59 g 40 m™ (14.39%).

Density (fish 40 m?)

Regarding fish density, the Kruskal-Wallis analysis of
variance evidenced significant differences among
locations (> = 96.64; P < 0.001). The highest density
was found in the Itacolomis Island (48.18 + 2.82 fish 40
m?), followed by Veado Island (43 + 3.38 fish 40 m?),
Currais Archipelago (36.40 + 2.54 fish 40 m™), Baleia



201

Rocky reef fish assemblage of southern Brazil

cric el ¥T9s

€0 870

6£°0

SOV £9°0 wl

)
<
)
)
¥
)
o

6¥'1

V0

V0 6TTE

69T

o

o
3}
(=}

LTO

wo

670 99°181

870

oL'TT

¥6'1

LT89

L6'T

891

161

ST’§

)
(2}

680

¥9°0

¥$°0

LETE

vL0

vL0

0Ty

960

€90

09°0

0€0

v

VM

VM

V1

LA

VS+d0

A2

V1

LAR

VM

A2

AAN

VO+VA

VA

dIN

qvo

AVO

SId

dIN

dIN

dIN

SId

A1d

dIN

AVO

qvVO

AVO

AVO

(6281

IDIAND)) SLYUIAIAD]f SNUD.LIDS
(pz81 ‘puewiien

2 KonQ)) aypipo. wnoa)dicy
E14UTARENY

681

“ID1ANY) SISUDIJISDAG DUaD.100§

aeprudediodg

(85L1 “snoeuury)
subjjoa sniajdoj1onq
eprdorsypeq

(86, 1snaeuury)
DLIDIDGDI DLIDINIST]
JeplLIe[mysTy

(€261 ‘PUBIQIPIIH
NOOIN) uputu snjjpydopnasdg
(zv81 ‘suduap)
SMIIULLD SNYIDUSOLON
Jepnpeusuis

(S9LT ¥029s0)
SIUOISUDISPD SNLYUIIOJOF]
JEPLIIUIIO[OH

(8.1 “snoruury)
snpouds snpouds
JepyuUOpousy

(6281 “1o1A0D)
pjoadn]o pnSua.avfy
aupradnp)

(8781 ‘wospreyory)
sdao142.1q sCy1yoLIA
seprpyaydo

(¢581 neupIse)d)
SnUIdIA XDAOYIOUWAL)
(681 11a0D)
p3uLiow Xv.1ol1ouAr)
(6£81 ‘Tuezuwy)
sLigaunf xp.ioijouuAr)
duprudvany

(06L1 ‘uaserydn)
LIDULIDU SIDGOJIF
depyeqoIA N

oig ua( oig

uaq oig

ua( oig

org

org

ua(q

eqPA

ejeIg

eo[eg

STHIOJOdR)]

sIeLInD)

an

oL

sa10ads pue Ajrwe

"PanIasqo Ajuo

$91080S . *(S2102y) JNUEIY 1SSMULION VN ‘0RUB|IY UYINOS 1S ‘Uesqqiied :H4O ‘(dnUeY YINoS pue YLOoN UISIS3AA) JBUR[IY UISISSAA (WA ‘(UBS00 3} JO Sapis yiog
uo) anueresuel] W1 ‘(S./z 01,0z Buissedwoous uoifial ay) 01 IWBPUI) [IZeig UISISLaYINOS :gs ‘(So]Inuy 18ssa ayl Mojag Spue|sl Jaylo pue obeqo] pue pepiull]
‘@lanzaus A JO 15e02) uraqqlied wisyinos :JS ‘(eunuabiy uiayinos ul spaaJ Ax00. syedadwial ul Ajurew indao) eiuobeled :1d ‘onueply ulaised w3 ‘jeardonwnould i 1D
‘(U0ISUBISY puUR BUSJOH 1S JO SPUR|S|) dNURNY [eAUD WD ‘BoUIN0Id UeljiZzeld :¥g (d9) uonnglisip [eaiydelboss) ‘snojoamueld :31d 'snoJoAaldsid :Sld ‘1orepald
d1eIgalLIaAUI 3]1SSaS :dIS ‘Jolepald a1elgaliaAul S[Iqow I ‘SNOJOAIUWO NINO ‘SN0JOAIQISY [LIOILISY :HYTL ‘SNOJOAIGJaY 3]Iqow :HAOIW ‘SNOJOAIUIRD (HVD
|1Zelg UIBYINOS Ul Sa1oys Ax00. Ul panIasqo sa19ads ayl Jo (O1) Aobare) atydoaL pue (;.w o B = o1g) ssewolq uesw ‘(oW Of ysy = usq) Alsuap ues|y ‘T ajgeL



Latin American Journal of Aquatic Research

202

(0€81 ‘sauueroud[Rp )

0£'6 €10 L6'LTT ¥¥'T L1IZeEl 91 8L'8¥6 16T ¥99L LT0 ELTT vIo VM NINO snaua3.1p snpojdi(q
(8SLT ‘snoeuury)
¥8T €70 VM NINO S1DPIOQUIOY.L SNSADSOYIA
(z6L1 ‘wneqrep)
8981 €0 LEL 8T0 91'C 09°0 VM NINO snjpydaooipqo.ad sn3.insoyo.y
Jepriedg
(0€81 “1aND)
L6'0 0 LT 8L°0 SL'E 8%°0 81°0 €80 L6'T €70 6£0 ¥T0 LET 170 vm dIN doqn.t systidoyri)
(2881 “W2qiD) 2% uepior)
Yo'LY 50 96°1S w0 L9 180 81°0 €70 190 090 €e’l 0€0 VM dIN LI2UYODPUIDIS UOJNUIDDE]
0€81 ‘101a0D
YIS 6L°0 681 €80 8¢'T 1’0 L8°0 050 6¢€°1 LT0 8LTY L9V OV'LIT  6€71 VM dIN unpauljonp UojNUDEL
(8.1 *snoeuur)
0¢'1IL [8°0 SI'9% vl TC9tT €T 9TLLL LIl 98°¢€ LT1 YLY9 19°0 96’ 1L 80 VM dIN SNOIULS.HIA SNUDJOSIUY
(16L1 Yoorg)
991 L8°0 86'T1 870 9€°91 61°0 oTerT 8l 0S°LT 810 YS9 LTO VM dIN SISUDUIDULINS SNULD.LOSIUF
JupInuaRy
SE0 cro AZ4'N AVO (8781 “101aN)D) syvup snuvljng
sepruefny
(851 “snoeuur)
€0 090 VM SId L2UI0A 2UD|2S
(STST “TIMYMAD
09°L1 €0 VM AVO siuidpjas auajag
(1081 “1oprowaydg
TT Tl wo 86'6T 620 9T’ EL 89°0 RFe) A'Md 2 YOO[{) Xo1Udp XUD.ADIOPNIS]
(99L1°snaruury)
6T 870 0€'Ly SET 8¢9 61°0 o v SET (424 Tro 8¢C°¢ 8Y0 V1 N1 SANSAYD SNIGUIODSO.LO]Y )
S0 090 VL SId 1€81 ‘z1ssedy Smv] Xuvan))
i (s181
069 9¢€'0 9€°0 090 A SId TITYONIN) $0SLLd saproZUn.ID)
eprsueae)
6T81
£E9 £€9°0 Vi1 AVO IDIANY) STDUDID SNYIUDIDLI]
JepryjuedeLl
(0981
89°¢ 870 161 090 VM SId ‘Ka0) 1ovuoq va.1ado.12)24
(8281 ‘souudrous[eA)
w9el sT0 Ly'9 o IS4 870 I8¢ vIo Z9'1E o 6l £€8°0 619¢ o A2\ SId SLUSOULINOY D2.12d0.12]OAN
(8281 ‘souudIoUd[RA)
ce0 €10 90 ¥T0 910 09°0 vm AVO smpaLu snpoy).odAff
(8281 ‘seuuaroualep)
* VM qvOo oriour snjpydaurdsy
(€8T 2mo0T)
8¢'1T 870 6696 vE0 ce9 €10 9T’y €80 L9'EE €70 w99 €60 vI'LT o VA+1d+4dS AVO snypurS.ow snjaydaurd:y
seprpydaurdy

org uwd org LEle org uw(g org wd org uw( org ua( org uwd
ans oL sa10ads pue Ajrue |

BYPA OpBaA BRIy z7ed vLa[eg STO[09R)] steLmn))

uoneNUNUOD



203

Rocky reef fish assemblage of southern Brazil

Lv9

vece

¥6'1

1799

60

I

09°IT

9T 6¢

y1o

£9°0

8L'S

wo

€L°0

A §

1€0

STo

LLT £vo

13 £3 6¢£81

¥9'C

Ly'Tl ¥eT

8¥°0

LTO

(48 44 8¥°0

S¥'9T Lce

6L°L

£vel

$6°0

66’8

£5°¢8

96'9TT

'8l

LLBIT

6¥'16

wo

£€9°0

870

£T0

8LT

00°S

STo

8¢°0

8¥°0

8T0

sTo

8T¢

86°CL

¥6'Cl

9Tl

¥T0

8¥'¢S

£9°0

wo

870

£8°0

69°¢

¥6'C

8¥°0

STo

96991

(494

0696

86°€L

§TTI

L60

YL

98'LE

L8O

o

96'¢

9T

160

£v0

160

LT'T

vE8Le

8T0

6£°6

61°€9¢

124!

090

¥T0

S0

09°0

cro

¥T0

¥To

€eEvl

ro

6T 11

90

€90

S1T

vl

L8LT

LET

I'L6l

€SVT

9Tl

6°81

88’1

€L9

0€°0

90

9¢°0

v$'6

YLy

0¥°0

090

9¢°0

LTO0

0¥'0

LTt

VM

os+Had

ad

ud

VM

VM

VM

VA

os+ad

ad

V1L

1o

VM

VA

VL

VA

VM

VM

VM

HAONW

HAONW

HAOW

HAONW

HAONW

dIN

dIN

HY4L

HYaL

HYAL

Ad

NINO

NINO

dIS

HAOW

A1d

dIN

dIN

(0F81 ‘souuaroud[ep)
subipp.L uosLIndg

(1€81

‘z1ssedy) snsopuo.if butosLindg
(8£81 “IoUYdEPUIdS)

SLIDJIXD DUOSLIDAS

(1¥81

‘ruezuey]) wnjdwn puwosLindg
(1281 *2dop)

Snaso.L snuo1o1das’)
depLIBdS

(2981 “weuydEpUINg)

1020d $2.12001]DF]

(8.1 “snoruury)

snfinL snupipog

deplLiqer]

(ss81

‘NRURISB))) S1JIGDLIDA SAISDBDIS
($681 meupIse))

smoid saisn3aig

(0€81 “w1anD)

snosnf sa1sp32)§

(£681 ouayomn)
pID2ULINW SIULO.LD)

(8sL1

‘snoruUL]) SyUDXDS [uplopnqy
JepLyuURWOJ

(L8LT "yooie)

nand SnupIDWO]
epIpjuLIBWOJ

8SLI

‘STIQRUULT SIIDLIS UOPOIADYT)
depHRUOPOIRY)

‘ds snsoydy

JepisoydAy

(8781 “[PYOSIL. 29 J[MA)
ny3anquioyds stiayduag
aepraydurd g

(€6L1 "yoore)

smppnovuwt snauadnpnasg
depIMIA

(1081 ‘1oprowaydg

2 Yooyg) smvurunan sanba.og
(0€81

‘ISIAND)) X2JUDP UOLISOIUOP()

BPIUBIIS

ua(]

ord

ua(]

ord

ua(]

ua(]

org

ua(]

org

us(]

org

ua(]

opeaA

ejeng

eoreg

STWIO[0d®)]

ste1ny)

an

sa10ads pue Aue.|

uoneNUNUOD



Latin American Journal of Aquatic Research

204

1799

760

I

09°1¢

9T 6¢

(4% 4

¥9°9%

8L'S

o

€L°0

{1

1€°0

ST'o

060

LLT

€0

13 £3 6£'81

¥9°C

SE0

L¥'Tl ¥eT

8¢T

8¥°0

LTO

(48 44 8¥°0

S¥'9T LTt

6L'L

£vol

S6°0

668

£6°¢€8

96'9TT

8l

LL8TT

6¥'16

wo

£9°0

£T0

00°¢

8¢°0

8¥°0

8T¢

86°CI

6Tl

Ir'l

¥T0

LTT

s8¢l

65°9¢

£9°0

wo

870

£8°0

69°¢

¥6'C

8¥°0

€0

8L'1

96991

0696

86°€L

STTI

YTyl

98°LE

L8O

96'¢

9T

160

LTO

€0

160

LTT

¥6°0

143!

cres

S8l

9¢'1

LTT

ve8¢ce

8CT0

¥6'L

12!

98'8

vecl

Y8

09°0

¥TO0

¥$°0

09°0

¥T0

¥T0

€evl

6T 11

90

€90

SIT

L

L8'LT

LE'T

Iv'L6l

€SVT

9Tl

681

88'L

€L9

0€°0

90

9¢°0

¥To

¥$'6

YLy

0¥°0

LSO

09°0

9¢°0

LTO

0¥°0

LTT

VM

os+ad

qd

ud

VM

A2\

A2

VA

osHad

ud

V1

1o

VM

VA

VL

VM

VM

VM

VM

HAONW

HAONW

HAONW

HAONW

HAOW

dIN

dIN

HYAL

AL

HY4L

A1d

NINO

NINO

dIS

HAONW

A'1d

dIN

dIN

(0P8 ‘souuaroudyep)
subipp.L buosLinds

(1€81

‘z1ssedy) snsopuo.if bulosLindg
(8£81 “1ouUyoERPUIdIS)

SLIDJIXD DULOSLIDAS

(1481

‘ezuey]) wnjdup puwosLindg
(1281 *2doD)

snaso. snuojo1dae’)
JepLIwds

(2981 “weuyoEpUINg)

1420d 5212001 DF]

(851 “snoeuury)

snfiL Snubipogy

deplIqe]

(ss81

‘neuyRISe))) SyIGLLIDA SIS
(6581 "neuppIse))

snjord s21s032)§

(0€81 “m1anD)

snosnf sajsp32)§

(£681 “ouayomn)

piaUL N STUO.AYD)

(85LT

‘SnoeuuLl’]) SUPXDS [uplopnqy
JePLIUdRWOJ

(L8L1 "yooieD)

n.and SnjupIPWOJ
aeprnpuedRmOog

8SLI

‘STIQRUULT SIDLILS UOPOIADY)
vPHRUOPO)IRY))

‘ds snsoydLy

JepisoydAy|

(8781 “TPYISIL 23 JINIA)
1ny3anquioyods stiayduwag
aeprdydurd g

(€6L1 “yoore)

smpjnovut snauadnpnasg
depIMIN

(1081 ‘19powayog

2 yoo[g) smvurunon sanba.og
(0€81

“IBTAND)) X2JUDP UOLISOIUOP()

JBPIUSLIIS

org

ua(]

org

ua(]

org

us(]

org

ua(]

orgd

ua(]

org

ua(]

org

u(

LN

opeap

ejeng

zed

eoeg

STHIO[02®)]

sIeLn))

an

sar0ads pue Ajrue |

uoneNUNUOD



Rocky reef fish assemblage of southern Brazil 205

0 < (%]
= £ 3 B

2

Geographical distribution
b=3

q

60,27%

0 5 10 15 20 25 30 35 40 45 50
Species (n)
Figure 2. Geographical distribution of the species (n) observed on rocky shores in Southern Brazil, and their percentages.
BR: Brazilian Province, CA: Central Atlantic (St. Helena and Ascension islands), CT: Circumtropical, EA: Eastern Atlantic,
PT: Patagonia (occur mainly in temperate rocky reefs in southern Argentina), SC: Southern Caribbean (coast of Venezuela,
Trinidad and Tobago and other islands below the Lesser Antilles), SB: Southeastern Brazil (endemic to the region

encompassing 20° to 27°S), TA: Transatlantic (on both sides of the ocean), WA: Western Atlantic (western North and South
Atlantic), CR: Caribbean, SA: South Atlantic, NA: Northwest Atlantic (Azores).
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Figure 3. Density (fish 40 m) of trophic categories for each location. CAR: carnivorous, MOVH: mobile herbivorous,
TERH: territorial herbivorous, OMN: omnivorous, PIS: piscivorous, PLK: planktivorous, MIP: mobile invertebrate
predator, SIP: sessile invertebrate predator.
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Figure 4. Contribution in biomass (g 40 m) of trophic categories for each location. CAR: carnivorous, MOVH: mobile
herbivorous, TERH: territorial herbivorous, OMN: omnivorous, PIS: piscivorous, PLK: planktivorous, MIP: mobile

invertebrate predator, SIP: sessile invertebrate predator.

outcrop (31.65 * 4.75 fish 40 m), Pirata Island (31.47
+ 4,12 fish 40 m?), Velha Island (22.10 + 1.40 fish 40
m2) and Paz Island (18.29 + 1.75 fish 40 m™) (Fig. 5).

Biomass (g 40 m?)

The analysis of variance evidenced that the estimated
biomass (g 40 m? was also significantly different
among locations (y?= 30.47; P < 0.001). The highest
mean biomass values were observed at Itacolomis
Island (3,253.09 + 1,187.25 g 40 m?) and Baleia
outcrop (3,028.65 + 754.12 g 40 m), following lower
values at Pirata Island (1,333.58 + 259.12 g 40 m),
Veado Island (1,087 + 247.24 g 40 m?), Currais
Archipelago (994.04 + 150 g 40 m?), Paz Island
(836.38 + 114.84 g 40 m?) and Velha Island (639.82 +
11.07 g 40 m?) (Fig. 6).

Taxonomic distinctness

The results of the Average Taxonomic Distinctness A*
(AvTD) and the Variation in Taxonomic Distinctness
A (VarTD) for each sampled area were within the 95%
confidence interval. For A+, the values were very close
to the index expected mean, corroborated by the
analysis of variance (* = 3.53; P = 0.7394), differing
only in species number, in which Itacolomis Island
contributed with 51 species, Currais Archipelago, 49,
Pirata Island, 37, Paz and Velha, 34 each, Baleia
outcrop, 31, and Velha Island, 27 species (Fig. 7).
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Figure 5. Boxplots of density (fish 40 m2) in the studied
islands. Similar letters indicate statistically similar densi-
ties. average.

The Variation in Taxonomic Distinctness (A*) also
showed values within the 95% confidence interval.
However, significant differences were detected
between locations (y%ssss = 1.1662; P = 8.63e-07); the
Itacolomis Island was the farthest from the expected
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Figure 6. Boxplots of estimated biomass (g 40 m) of fish
in the studied islands. Similar letters indicate statistically
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Figure 7. Average Taxonomic Distinctness (A*)
calculated for each sampled location. The expected mean
is represented by the central dotted line and the 95%
confidence interval is represented by the funnel-shaped
solid line. Ba: Baleia outcrop, cu: Currais Archipelago, it:
Itacolomis lIsland, pa: Paz Island, pi: Pirata Island, ve:
Veado Island, vl: Velha Island.

mean, but still within the 95% confidence interval.
Pairwise comparisons between locations in A+ pointed
out that the Baleia outcrop, Itacolomis Island, Pirata
Island and Veado Island were not significantly different
from each other. The results also evidenced that Itacolomis
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Figure 8. Variation in Taxonomic Distinctness (A+)
calculated for each sampled location. The expected mean
is represented by the central dotted line and the 95%
confidence interval is represented by the funnel-shaped
solid line. ba: Baleia outcrop, cu: Currais Archipelago, it:
Itacolomis Island, pa: Paz Island, pi: Pirata Island, ve:
Veado Island, vl: Velha Island.
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Figure 9. Average Taxonomic Distinctness (A*) of the
locations according to the corresponding values of
Variation in Taxonomic Distinctness (A*). The ellipse
represents the 95% confidence interval of paired values,
obtained from 60 independent random simulations. ba:
Baleia outcrop, cu: Currais Archipelago, it: Itacolomis
Island, pa: Paz Island, pi: Pirata Island, ve: Veado Island,
vl: Velha Island.

Island was statistically similar to Paz Island, which was
also observed between Currais Archipelago, Paz Island
and Velha Island (Fig. 8).
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The bivariate simulations for A" and A"
demonstrated that the values of all sampling sites were
within the 95% confidence interval. The ellipse shape
and the distribution of means suggested a positive
correlation between A* and A* (Fig. 9).

DISCUSSION

This study encompassed the rocky shores of Currais
Archipelago, Itacolomis Island and the Gragas
Archipelago covering an area of 21,040 m? through 526
40 m?strip-transects. We observed 73 species,
representing 13% of the total (547 species) registered
along the Brazilian coast, according to Freire &
Carvalho-Filho (2009). For the islands of the State of
Parana, Hackradt & Félix-Hackradt (2009) and Daros
et al. (2012) observed 77 species, of which 66% and
64% were observed only in the Itacolomis Island and
Currais Archipelago, respectively. Godoy et al. (2007)
conducted an underwater visual census, using the same
methodology of this study, and only at Paz Island, the
authors observed 33 species, one less than in the present
survey. Considering the total number of species, Gragas
Archipelago had an absolute richness of 53 species.

Comparing the species richness of the present study
with other studies performed in the south-southeastern
Brazil, including our study area, the richness observed
herein is close to that observed by Alves & Pinheiro
(2011) in the islands of Balneario Barra do Sul (State
of Santa Catarina) and Mendoncga-Neto et al. (2008) in
rocky shores of Rio do Janeiro. On the other hand,
surveys carried out in rocky shores of the south-
southeast region by Ferreira et al. (2001) (State of Rio
de Janeiro); Hostim-Silva et al. (2006) (State of Santa
Catarina); Floeter et al. (2007) (State of Espirito Santo);
Rangel et al. (2007) and Monteiro-Neto et al. (2013)
(State of Rio de Janeiro); Luiz Jr. et al. (2008) and
Gibran & Moura (2012) (State of S&o Paulo)
demonstrated a higher richness. These differences
between study areas are not only related to the
morphology of each site or longitudinal variation, but
also to the sampling effort applied for data acquisition,
as well as, visual census methods, differences in
sampled depths, sampling of different areas (protected
from wave action) and degree of protection (no-take
areas) and, different seasons along the year. Due to the
proximity of the islands to large estuaries, strip
transects were only conducted at an average depth of 6
m, where visibility is generally more favorable to the
full accomplishment of the sampling procedures.

As to the number of species per family, Blenniidae,
Carangidae, Haemulidae, Pomacentridae, and Scaridae
showed the higher richness, which was also verified by
Floeter et al. (2001), who considered these families as

the most representatives in species richness for the
south-southeastern Brazil. According to these authors,
the family Serranidae presented the highest richness.
Craig & Hasting (2007) proposed an alteration in the
family Serranidae, moving up the subfamily
Epinephelinae to the family Epinephelidae, which
shelters important large size genera (i.e., Epinephelus,
Mycteroperca, Hyporthodus), which showed a
significant number of species (5) in the present study.

The rocky shore fish assemblage observed herein is
mainly composed of species occurring in the Western
Atlantic and Northeast Brazil, despite the fact that the
studied islands are located at subtropical latitudes. Even
with a lower species richness compared with Laje de
Santos State Marine Park (24°15°S, 46°10°W State of
Sdo Paulo) (Luiz Jr. et al., 2008), the species
composition in relation to geographical distribution is
very similar. This distribution is mainly influenced by
the Brazilian Current, warm and shallow waters,
transporting tropical fish larvae to the coast of Santa
Catarina, which according to Floeter et al. (2008) is the
southernmost limit of reef fish distribution in Brazil.

The trophic categorization of species is a useful tool,
which beyond taxonomic grouping, is a suitable way to
infer ecological attributes like food availability and use
of resources (Bellwood & Wainwright, 2002).
Considering the species grouped into trophic
categories, mobile invertebrate predators (MIP)
showed the highest species richness, followed by
carnivorous (CAR) and omnivorous (OMN).
According to Ferreira et al., 2004, the dominance of
these groups in subtropical regions is a result of the
decrease of mobile herbivorous (e.g., families
Acanthuridae and Scaridae), considered a dominant
group at lower latitudes, especially in densities.

Moreover, MIP is described as the main trophic
group in reef environments (Wainwright & Bellwood,
2002) due to a large amount of available food at
consolidated and unconsolidated bottoms (Harmelin-
Vivien, 2002). This group accounted for the highest
densities observed, being Malacoctenus delalandii and
Haemulon aurolineatun the species with the highest
values within MIP. Accordingly, the biomass of MIP
species had Anisotremus virginicus, H. aurolineatun
and H. steindachneri (Haemulidae) as the most
representative ones.

In relation to density and biomass, Odontoscion
dentex was the main representative of the category
CAR in the study area. This result differs from the
observed in the southeastern Brazil, where Serranidae
species were the most abundant (Ferreira et al., 2004).
On the other hand, Chaves & Monteiro-Neto (2009)
reported Labrisomus nuchipinnis as the most abundant
among carnivorous species, ascribing the low abun-
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dance of Serranidae to the historical fishing pressure
along the coast of Rio de Janeiro. Similarly, the low
abundance of (large) Serranidae species in the islands
reflects the growing demand and intensification of
fishing effort for these valuable species (Medeiros et
al., 1997; Gerhardinger et al., 2006).

Besides that, omnivorous (OMN) was the group
with the third highest density, differing from that
observed along the coast of Rio de Janeiro, where OMN
was the most abundant (Ferreira et al., 2004; Chaves &
Monteiro-Neto, 2009). Abudefduf saxatilis and
Diplodus argenteus were the main species, both for
density and biomass, showing great plasticity, inha-
biting different reef environments and feeding on a
wide range of resources (Carvalho-Filho, 1999;
Harmelin-Vivien, 2002; Ferreira et al., 2004).

In agreement with Ferreira et al. (2004), Stegastes
fuscus is the most abundant territorial herbivorous
(TERH) species in reefs from the State of Pernambuco
(NE Brazil) to the rocky shores of the north-central
coast of the State of Santa Catarina. Among TERH, this
species was the most frequent, abundant and the
accounted for the second highest biomass contribution
in our study.

Mobile herbivorous category (HOVH) had the
lowest abundance in the southeast region compared
with the North and Northeast Brazil, and exhibited the
highest biomass, due to the presence of Acanthurus
chirurgus and Kyphosus spp. Ferreira et al. (2004)
compared trophic categories between latitudes and
indicated that Acanthuridae was the most abundant
from NE Brazil until Arraial do Cabo (State of Rio de
Janeiro) and Kyphosidae dominated this niche down
south to Santa Catarina. The geographical gap
addressed by this study demonstrates that, in fact, with
an adequate sampling effort, species like A. chirurgus
shows a higher relative contribution to the reefs further
south, differently than suggested by Ferreira et al.
(2004). Data from this study referring to herbivorous
are consistent with Floeter et al. (2005), who described
a decrease in richness and abundance towards high
latitudes, and the replacement of mobile by territorial
herbivorous.

All other categories, piscivorous (PIS), plankti-
vorous (PLK) and sessile invertebrate predators (SIP)
had lower densities and biomass, compared with other
categories. The main species were: Mycteroperca
acutirostris (PIS), Coryphopterus glaucofraenum and
Harengula clupeola (PLK) and Chaetodon striatus
(SIP). Some studies (e.g., Floeter et al., 2007; Rangel
et al., 2007; Chaves & Monteiro-Neto, 2009) have
reported low richness and abundance of PLK on the
coast, once greater abundances are observed on oceanic
islands (Ferreira et al., 2004).

The vast majority of fish observed were smaller than
11 cm. This result was expected, once most species
observed in this study had their maximum length close
to 10 cm. Another factor is the ontogenetic migration
of some species, such as E. marginatus (Machado et al.,
2003), inwhich juveniles inhabit shallow areas, seeking
refuge/larger prey in deeper places while growing, thus
reducing competition for space and food.

In our study, 40 m?-samples can be easily converted
and comparable with any other unit of measurement
that involves area. Regarding the number of fish per 40
m?, ltacolomis Island showed the highest density,
which was statistically similar to Veado Island. Baleia
outcrop, Currais Archipelago, Pirata Island and Velha
Island showed no significant differences regarding fish
density. Paz Island exhibited the lowest density.
Biomass per 40 m? also differed between locations,
with higher values in the Itacolomis Island and Baleia
outcrop.

The Average Taxonomic Distinctness (AvTD) and
the Variation in Taxonomic Distinctness (VarTD)
provided a consistent picture of the taxonomic
relationship within the reef fish assemblage (Clarke &
Warwick, 2001), based on the uniformity of taxa
distribution in a hierarchical taxonomic tree (Xiujuan et
al., 2010).

Such indices pointed out to a uniform taxonomic
relationship pattern within the reef fish assemblage in
Southern Brazil (Clarke & Warwick, 2001; Shan et al.,
2010), which was expected given the proximity
between the islands and the similar geomorphology of
the rocky reef sites. The index VarTD evidenced no
differences in the taxonomic structure between islands
i.e., an assemblage made up of few genera (with several
species), while other higher taxa are represented by
only one (or few) taxa (Clarke & Warwick, 2001).
Indices also showed a positive correlation, that is, the
higher the average taxonomic distinctness the higher
the variation thereof.

Besides being a tool for monitoring environmental
stress, the use of these indices can support the selection
of specific sites for conservation, indicating locations
with higher values of Average Taxonomic Distinctness,
which consequently have higher ecological resilience.
Our results evidenced that the rocky fish fauna that
inhabits south Brazilian coastal islands’ is dominated
by few species, and contains taxa geographically
widely distributed, with a predominance of generalist
species; and although differing in richness, density and
biomass, the islands do have a very similar taxonomic
composition.
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