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ABSTRACT

Sedimentation has previously been considered amriamt source of impact in coral reefs. We
compared 3 sites on the Abrolhos Bank, Brazil, idigg sedimentation rates, carbonate sediment
composition, coral cover, and colony size for tlmnmonest local coral specieMyssismilia
braziliensis Siderastrea stellateandFavia gravidg. The sites are located at different distances fro
the mainland: Pedra de Leste (14 km), Pontas Sulk(2), and Parcel dos Abrolhos (58 km).
Sedimentation was higher in winter (p <0.05), butdifference among sites was noted. Sites differed
in sediment type (P <0.05), with Parcel dos Abrelshowing nearly 90% of carbonate in sediment
composition, Pontas Sul nearly 65%, and Pedra de¢elenly nearly 50%. The farther from the
mainland, where the zoanthid cover was smaller, htgher was the coral cover (p <0.01).
Differences in colony sizes were found only fr braziliensis with smaller colonies occurring at
Pedra de Leste (p <0.05). It is suggested thagésmous sediment distribution and turbidity may be
the main factors controlling reef development atAbrolhos Reefs.

Resumo

A sedimentagdo tem sido considerada uma imporfante de impacto nos recifes de coral. Uma
comparagao entre as taxas de sedimentacao, tearlm®atos nos sedimentos, cobertura coralinea e
tamanho de colbnias de corais para as espéciescomims Klussismilia braziliensisSiderastrea
stellata eFavia gravidg foi realizada em 3 locais no Banco dos Abroll@s locais representam um
gradiente de distancia da costa: Pedra de Lestknf}4Pontas Sul (26 km) e Parcel dos Abrolhos
(58 km). A sedimentagéo foi maior no inverno (p0&), mas néo foi observada diferenca entre os
locais. O tipo de sedimento diferiu entre locaisk(F05), sendo que Parcel dos Abrolhos apresentou
90% de carbonatos, Pontas Sul 65% e Pedra de 3@%ieA cobertura coralinea foi maior no local
mais afastado de terra (p <0,01), onde a cobettuzmantideos foi menor. Diferengas de tamanho de
colénias foram encontradas apenas pararaziliensis com menores colénias em Pedra de Leste (p
<0,05). A distribuicdo dos sedimentos terrigenoa &urbidez devem ser os principais fatores
controladores do desenvolvimento dos recifes delAbs.

Descriptors:Coral community, Sedimentation, Point intercepnsext, Sediment trap, Abrolhos,
Brazil.

DescritoresComunidade coralinea, Sedimentagdo, Transectateisegdo de pontos, Armadilha de
sedimento, AbrolhosBrasil.

INTRODUCTION 1993; BROWN et al., 2002). High sedimentation rates
on coral reefs can lead to smothering, abrasion,

Several kinds of disturbances to coral reef§hading, and/or  coral  settlement inhibition
have been described, including several anthropogerﬁHUBBARD' 1997). Furthermore, studies have related

impacts, such as destructive fishing practices, ofedimentation to coral recruitment (GILMOUR,
spills, sewage discharge, eutrophication, and999), skeleton morphology (FOSTER, 1980), growth
sedimentation (RICHMOND, 1993; HUGHES, 1994;(PODGE et al., 1974, DODGE; VAISNYS, 1977),
BROWN, 1997; NYSTROM et aI., 2000) A common and Communlty structure (LOYA, 1976; CORTES;
and well-documented source of impact isRISK, 1985; TOMASCIK; S_ANDER' 1987). )
sedimentation (LOYA, 1976: DODGE: VAISNYS, The Abrolhos region, the reefs of which are

1977: CORTES: RISK. 1985: VAN KATWIJK et al. the most diverse and richest of the South Atlantic,
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covers an area of approximately 6,000 2km reefs studied, while more conspicuous differences
LABOREL (1969) reported the occurrence of fifteenwere expected in turbidity, since extremely turbid
scleractinian coral species, five of which are Biazi waters are more common on the inner reefs (personal
endemics, on these reefs. However, there are nesbservation). Such a scenario would then lead to a
records of scleractinian species in other Brazitisef  turbidity gradient inversely proportional to disten
communities (see Neves et al.; 2008), which prgbablfrom the mainland. Sedimentation would, therefore,
also appear on the Abrolhos. These findings suggegtobably vary in accordance with increasing distanc
that Abrolhos coral diversity may be even higherfrom the shoreline, and this may be a process that
Ledo (1995) mentioned that activities such asontributes to variations in reef composition or
deforestation in coastal areas in southern Bahidtmigstructure.

be responsible for an increase in sediment depasiti

at reef sites. However, there is almost no quaivita M ATERIAL AND METHODS

data on sedimentation rates to which Brazilian coral

communities are subject (but see Dutra et al., 2006 The three sites sampled were Pedra de Leste,

The relationship between sedimentation and recef} pgrcel das Paredes 47.261'S; 03802.795'W):

coral communities in Brazil remains poorly ponias Sul, at Parcel das Paredes’5@025'S:
understood (but see Dutra et al., 2006). Hencs, thb38°59.265’W); and Parcel dos Abrolhos
study aims to quantify sediment deposition. rates(,l7o58_203,5; 03%0.230'W) (Fig. 1). These sites
sediment type, coral cover, and size of coral de®n \yere selected because they stand near the commonest
at different sites, in order to investigate the., e from the mainland to the reefs most disteornf
rc_elatlo_nshlps between these parameters. Furthc_er_mogﬁe shore. Although we tried to sample the same
since it has been suggested that coral communmities depths at each location, depth differed among reefs

the Abrolhos Bank vary according to their distancgy,e to the lack of shallower areas on the outefsree
from the mainland (LABOREL, 1970; DUTRA et aI.,As a result, the Pedra de Leste (PL) site was

2006)., this hypothesis is reviewed in the lighthefv approximately 3.4 to 3.7 m deep, whereas that at

quantitative data. , Pontas Sul (PS) was 3 to 6.5 m deep, and thatre¢lPa
_An assessment was designed, therefore, {go5 Aprolhos (PA) from 5.2 to 7.7 m deep. The depth

quantify several parameters and compare sites pljicated were corrected in accordance with theekiw

different distances from the mainland. Size ofgyels of spring tides. Maximum tide amplitude et
individual reef pinnacles, depth at the top of seahd 4,05 is approximately 1.7 m.

wave exposure varied comparatively little betwden t
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Fig.1. Location of the study sites at Abrolhos Baafazil.
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Sediment deposition was measured usingecorded. One-way ANOVA was used to compare
sediment traps with a height/diameter ratio >3alythoa caribaeorumtotal coral, and other benthic
(BLOMQVIST; KOFOED, 1981). Traps were built group coverage between sites, with arcsin transfdrm
with PVC tubes (7 cm in diameter and 25 cm indata, using SYSTAT 7.0.1 (SPSS Inc., 1997). Species
height) closed at the bottom and tied to metal pinsomposition and abundance were compared between
fixed to the reef. Trap bottoms were located c€a sites and within stations with multi-dimensional
cm above the seafloor. Ten traps were placed apd kescaling (MDS) and cluster analysis, using the Bray-
for approximately 2 months at each sample sitdvén t Curtis similarity coefficient. After these procedsye
summer of 2000 (November/1999-January/2000) an8IMPER analysis was performed to identify the
the winter of 2000 (May/July) and 2001 (July/August species/categories that best explained similarities
In two instances, some traps were not retrievedithin groups and differences between groups. All
(Pontas Sul, summer and winter/2000 — see Table fjese analyses were performed with the aid of
due to the loss of a trap or to its coming loos# s PRIMER 4.0 (CLARKE; WARWICK, 1994; CARR,
bottom’s resting on the seafloor. All the winte20 1997).
traps from Pedra de Leste were lost in the fiekk (s When assessing colony size structuring,
Table 1). Sediments collected by the traps werentak large and irregular colonies are difficult to measu
to the laboratory for analysis. The sediment wasnainly due to parallax. Therefore, the use of linea
composed mainly of very fine particles, making theissue length, instead of colony diameter, wasetest
use of filtering processes for sediment quantificat Initially, 36 colonies oMussismilia braziliensisvere
impossible (ROGERS, 1983). The mollusk shells andandomly selected. Their largest and smallest
crab carapaces that were occasionally found irtsidle diameters (straight lines — one dimension) between
traps were removed before the analysis. Samples wespposite sides, and equivalent linear lengths ef th
diluted and washed (to diminish the contribution ofiving tissue (length of arcs — two dimensions) ever
salt to the dry weight), dried at approximately’G0 taken. The correlation between the two measurements
and weighed. Data were log-transformed for statisti was assessed by Pearson’s coefficient, using tiiatis
analysis of sedimentation rates, owing to the nom.3 for Windows (STATSOFT Inc., 1993), resulting in
normality of raw data. Comparisons of sedimentation = 0.97 (p <0.05) for higher diameter x higherekn
rates between localities and seasons were performédsue length and r = 0.96 (p <0.05) for smaller
using two-way analysis of variance (ANOVA), with diameter x smaller linear tissue length.

SYSTAT 7.0.1 for Windows (SPSS Inc. 1997). Subsequently, average linear tissue length
measurements ((largest+smallest)/2) were taken from

Table 1. Mean sedimentation rates, with standavihtien, . o / . .
up to 40 colonies oM. braziliensis Favia gravida,

at the Abrolhos Bank, Brazil. Number of samplessirewn

between parenthesis. # = data not collected. and Siderastrea stellataat each site. A 50 m tape
: : — measure marked at 4 m intervals (points) was plated
site Summef/ggg‘)e”‘wi‘?]’t‘effl‘;%% (()mg &\flf‘g’tgr 12001 the bottom. The size of the colony nearest to iatp
on both sides of the tape was recorded. To compare
Zg:glehl :Sos 52+1.6(10) 10.%20(10) 9.5 2.6 (10) colony sizes among sites ANOVA, with SYSTAT
Pontas Sul  3.3x1.9(6) 10.2:45(8) 9.8 4.1 (10) 7.0.1 (SPSS Inc., 1997), was used.
Pedra de Leste 5.6+ 2.3 (10) # 10.1+ 6.5 (10) RESULTS

For sediment type analysis, 6 pre-weighed ) . .
sub-samples from 3 samples of each site in each The highest sediment deposition was
season were treated with a solution of formic aci@PServed during r_‘%‘”me_rl 2000 at Parcel dos Abrolhos
(10%) and formalin (5%) to remove the carbonatél0-7 2.0 mg cmday’), and the lowest géjrlng_lthe
fraction (CALLIS 2008: see Westphal et al. 2008 foSUmmer at Pontas Sul (3.3 + 1.9 mg“cuay’)
the removal of the carbonate fraction with formic(T@ble 1). Sedimentation rates did not differ
acid). Each sub-sample was dried and re-weighet, asignificantly among sites, but rather petwqen SERSO
the carbonate percentage was calculated by weight = 56, df 16, f = 31.85, p<0.01), with higherest
l0Ss. oceurring in winter. N .

Benthic coverage data were collected in Sediment  composition was  different
November, 1999 at each site. We sampled 5 poif€tween sites (Fig. 2), with Parcel dos Abrolhos
intercept transects at each of the 3 stations ch eaPr€Senting a calcium carbonate composition of 91.7%
site, to a total of 15 transects per site, in atgoce + 0-4 (SD) in winter and 92.1%2.4 (SD) in summer,
with a method described in Segal and Castro (2001f0ntas Sul presenting 65.9%40.3 (SD) in winter and
Ten-meter-long transect lines were previously tegge66.4%z 1.3 (SD) in summer, and Pedra de Leste, with
with 250 random points. Each organism (alga, coral the smallest contribution of carbonate to sediment
other invertebrate) positioned below each point wasomposition, presenting 54.6% 4.4 (SD) in winter
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and 51.0%+ 1.7 (SD) in summer. There was no Total coral cover showed significant

difference in carbonate contribution between semson differences among localities (n = 45, df. 42, fG:2B,

p <0.01). The highest coral cover was found at &arc
100 dos Abrolhos, and the lowest at Pedra de Lesteghwhi

is closer to the mainland (Table 2 and Fig. 3).
Palythoa caribaeoruntover also showed significant

60 - differences among localities (n = 45, df. 42, {24,

p <0.05), but with a strong increase towards reefs
40 1 closer to shore (Table 2, see zoanthid cover onFig
20 4 The abundance of Mussismilia braziliensis,

80 -

Siderastrea stellataand Agaricia humilis was also
higher on the outer reefs of Parcel dos Abrolhos
Parceldos  Pontas Sul  Pedra de Leste (Table 2 and Fig. 4). A marked difference in
Abrolhos _ composition was observed in relation to scleragtini
Site corals versus milleporids: the outer reefs of Hados
] Summer ] Winter Abrolhos showed a higher contribution of
scleractinians and the inner reefs of Pedra deelest

Fig. 2. Carbonate contribution (in percentage afirsent showed a higher contribution of milleporids (TaBle
composition) during summer (2000) and winter (2001) g Fig. 4).

sediment samples from three sites at the AbrolhaskB

Brazil.

Calcium Carbonate (%)

Table 2. Mean percent cover and standard deviafibenthic organisms at the 3 sampled sites aAlthielhos Bank, Brazil.
PL = Pedra de Leste; PS = Pontas Sul; PA = PaoseRtrolhos.

Benthic organisms PL1 PL2 PL3 PS1 PS2 PS3 PAL PA2 A3 P

Agaricia humilis 0.79 +0.78 0.89+0.86 0.99+0.82 0.39+0.56 @4073 0.34+054 764+159 7.83+336 58

Crustose coralline algae  13.39 +6.67 12.77 +3.3716 + 1.82 8.34+2.49 8.39+2.32 741177 22B.77 17.18+4.96 12.94+5.02

Turf algae 10.62+4.01 13.95+4.79 16.05+549.93+7.22 3238+3.63 30.52+5.97 38.99+7.923.99+7.83 44.47+4.20
Foliose algae 0.00 0.16 £0.36 0.08+0.18 0.00 6 &.0.57 2.86+192 0.00 0.49+0.88 0.86+1.92
Favia gravida 0.16 £ 0.36 0.49+051 0.00 0.40 £0.40 0.6790.4 0.96+0.81 0.99+0.63 0.73+0.33 0.87+0.76
Favia leptophylla 0.00 0.00 0.00 0.00 0.00 0.00 0.50+1.12 0.00 0.00

Millepora alcicornis 2.03+1.86 349+142 231+229 095+1.33 81k3.86 1.04+129 090+133 0.160.36 1.10042

Millepora braziliensis ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.48 £0.72
Millepora nitida 0.08 £0.17 0.91 +0.69 0.00 0.00 0.00 0.32 £ 0.7D.00 0.00 0.00
Montastrea cavernosa 0.00 0.00 0.16 +0.35 6.48+4.39 2.94 +3.09 32865 0.16 +0.36 1.30 +1.97 1.76 +2.20
Mussismilia braziliensis 0.00 0.00 0.16 +0.35 0.40+0.89 0.00 0.17+0.37.41+4.47 2.67+3.13 7.67+4.20
Mussismilia harttii 1.80 +3.00 041+069 0.08+0.18 264+350 62280 068+1.07 041+091 0.00 0.72+0.87
Mussismilia hispida 0.24+0.54 0.16 £0.22 0.00 1.64 +1.03 0.42 204 244 +1.14 0.08 £0.19 0.40 £ 0.49 0.73+1.01

Palythoa caribaeorum 67.33+6.45 65.08+8.00 67.61+4.95 30.13+20.86.12+9.19 42.61+4.47 13.05+5.74 26.51069.1.20+0.94

Porites astreoides 0.24 +0.54 0.00 0.00 0.08+0.19 0.25+0.37 0.00 236+482 0.16+0.37 0.00

Porites branneri 0.08 +0.17 0.00 0.08+0.18 0.40+0.30 0.09©0.1 0.17+0.23  0.00 0.00 1.80 +£4.02
Siderastrea stellata 0.32+0.72 0.24+0.54 0.08+0.18 272+259 00.0 114+146 9.04+282 7.05+479 16.73+1.19
Zoanthus spp. 1.74+1.07 0.78+0.72 1.72+0.58 235+0.74 726.14 048051 3.14+169 081064 2107
Milleporidae 210+1.83 4.40+1.78 2.31£2.29 99+1.33 158+1.86 137+172 090+1.33 (@IB36 1.58+2.28
Zoanthids 69.07+6.68 65.86+7.45 69.34+5.20.48210.83 48.78+8.93 43.09+4.34 16.19+6.787.32+9.12 3.39+2.18

Scleractinians 3.62+2.08 220+1.28 1.55+0.525.14+6.80 7.11+4.94 9.46+351 28.59+7.99.12+6.96 36.14+4.79
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similarity), and Siderastrea stellata(SIMPER =
13.33%). These three categories accounted for %9.76
of the overall similarity within this group. A seaut
group included Pedra de Leste and Pontas Sul is¢atio
(SIMPER average similarity = 73.68%) and was
characterized mainly by. caribaeorumdominance
(SIMPER = 42.41%), and secondly by turf algae
(SIMPER = 23.68%) and crustose coralline algae

Cover (%)

(SIMPER = 16.47%). These three categories

accounted for 82.57% of the group’s overall sintifar
PL1  PL2 P3PSt PS2 PS3 PA1  PA2  PA3 These two groups were fairly distinct (SIMPER
Site average dissimilarity = 42.66%), with differences

[ Mook £ Zoanthids L Algae ‘ explained mainly by the highét. caribaeorumcover

Fig. 3. Mean percent cover of corals, zoanthidd, @gae at In the second group (SIMPER dissimilarity = 22.93%),
each station sampled at the Abrolhos Bank, Brapil = and secondly by the higher cover of several cdrals

Pedra de Leste; PS = Pontas Sul; PA = Parcel dashAls. the f.irst. .group $ sFeIIata SIMPER = 13'1?0.%;
Mussismilia braziliensisSIMPER = 9.95;Agaricia

0 humilis SIMPER = 9.68). These four categories
1 | accounted for 55.66% of the overall dissimilarithe
second group could be further clustered in two
30 4 subgroups at 70% similarity, which distinguisheé th
2 transects of Pedra de Leste (SIMPER average
similarity = 83.32%) from those of Pontas Sul
(SIMPER average similarity = 77.61%). Although less
than those cited above, these subgroups differed
(SIMPER average dissimilarity = 32.33%) mainly by
the extremely high cover &®. caribaeorumat Pedra

" V| — de Leste (SIMPER dissimilarity = 18.25%), as
o ,. opposed to a higher cover of turf algae (SIMPER =
PL1. P2 RS PST PRS2 RS3 PAl PRz PAS T 16.55%),M. cavernosdSIMPER = 11.38%) and other

35

N

.

N

Site ..
[E]Other Scleractinians [AMilleporids [ Montastrea cavernosa SCleraCtlnlan Corals at Pontas SU|
DlAgaricia humilis N Mussismilia braziliensis [ Si stellata P. caribaeorumand/or turf algae showed an

overwhelming dominance in most samples (Table 2).
Fig. 4. Mean percent cover of scleractinian andepdrid ~ Therefore, in order to better evaluate the distisu
corals at each station Sampled at the Abrolhos Bamll of Cora|5, crustose coralline and foliose a|gae, we
Milleporids includeMillepora alcicornis M. nitida, and M. erformed another set of analyses after removing
braziliensis Other scleractinians include species with les oanthids and turf algae from the matrix (Figs @ an

than 3% coverfavia gravida F. leptophylla Mussismilia .
harttii, M. hispidg Porites astreoidesandP. branneri PL = 8). The cluster showed three main groups near 60%

Pedra de Leste; PS = Pontas Sul; PA = Parcel dohgs. ~ Similarity (Fig. 7). The transects from Parcel dos
Abrolhos (PA) clustered again in a distinct group
The cluster ana|ysis for the Comp|ete data SétslMPER average Slmllarlty = 7144(%)), characterized
(all species/categories) revealed 2 groups at 66% BY @ higher cover of crustose coralline algae (SHRP
similarity, the first comprising all PA stationsychthe — €xplaining 29.18% of the similarity), and scleratn
other linking PS and PL, which are furthercorals Giderastrea stellataSIMPER = 24.42%;
distinguished at the 70% level of similarity (Fi). Agaricia humilis SIMPER = 21.42%;Mussismilia
These groups were easily identified in the MDS plopraziliensis SIMPER = 14.01%). A second group
(stress value = 0.10) (Fig. 6). Sites were separaténcluded exclusively transects from Pontas Sul (PS)
mainly on the x-axis. There is also some(SIMPER average similarity = 64.47%), being
differentiation in benthic communities among stasio Ccharacterized by a lower (but mostly uniform) cover
of PA on this same axis (See rectang|es in F|gT® crustose coralline algae (SlMPER explaining 34.28%
MDS plot showed a continuous distribution of sitesof the similarity) and a higher cover of other dora
according to their distance from the mainland anxh ~Species Klontastrea cavernos&IMPER = 18.55%;
axis. A first group comprised all the Parcel dogVussismilia hispidaSIMPER = 13.12;M. harttii
Abrolhos stations (SIMPER average similarity =SIMPER = 9.28). A third group comprised almost all
75.90%), and was characterized mainly by turf a|gag’1e transects from Pedra de Leste and a few okthos
cover (SIMPER explaining 30.65% of similarity), from Pontas Sul (PL-PS) (SIMPER average similarity
crustose coralline algae (SIMPER = 15.79% of 64.03%). This group is characterized by crustose
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coralline algae (SIMPER = 64.25%)Millepora
alcicornis (SIMPER = 17.85%), andA. humilis
(SIMPER = 10.73%). PA differed from PS (SIMPER
average dissimilarity = 54.63%) mostly by a higher TN
abundance of several corals in PA. (humilis /
SIMPER = 15.90%;S. stellataSIMPER = 15.40%;
Mussismilia braziliensisSIMPER = 13.71%) and a yay 00 /
higher abundance dflontastrea cavernoséSIMPER v
= 10.87%) andvussismilia harttii(SIMPER = 7.37%) L Vi
in PS. PA differed from PL-PS (SIMPER average /’. 4 w7 \
dissimilarity = 57.24%) by a higher abundance @ th Ady ) o |l

same scleractinian corals in P3. (stellataSIMPER = g i\ /
24.29%;Mussismilia braziliensiSIMPER = 16.60%; {
A. humilis SIMPER = 14.42%) and a higher N S —
abundance dffillepora alcicornisin PL-PS (SIMPER

= 8.73%). The most abundant species on PS or PL-PS,
when compared with PA, also accounted for the
differences between these groups (SIMPER average Fig- 6. MDS plot of benthic community coverage at
dissimilarity = 50.84%,M. cavernosaSIMPER = three sample sites at the Abrolhos Bank, BrazﬂcBI
18.57%, Mussismilia harttii SIMPER = 10.93%,  SYMPOIS represent Pedra de Leste (PL) site, gray

; - . = o represent Pontas Sul (PS), and white corresponds to
Millepora alcicornisSIMPER = 10.04%)Mussismilia Parcel dos Abrolhos (PA). Different symbols (cigsle

hispic!a (5|M|_3ER = 11.25%) was also important t0  yiangles, and squares) represent distinct sampled
explain the differences between PS and PL-PS. stations.

70% of similarity
—————————— 60% of similarity Stress = .10

PL1
PLI1
PL2
PL2
PL3
PLI1
PL3
PL1
PL1
PL2
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Fig. 5. Cluster analysis of benthic community cewger at ) ) ) )

three sample sites at the Abrolhos Bank, BrazilacBl Fig. 7. Cluster analysis of benthic community cager free

Symb0|s represent Pedra de Leste (PL) site’ gmsent from the influence of Zo.anthids at the three Samplﬁes at

Pontas Sul (PS), and white corresponds to Parcel déhe Abrolhos Bank, Brazil. Black symbols represeatira de

Abrolhos (PA). Different symbols (circles, triangleand Leste (PL) site, gray represent Pontas Sul (PSJ, veinite

squares) represent distinct sampled stations. corresponds to Parcel dos Abrolhos (PA). Differgythbols
(circles, triangles, and squares) represent distiaenpled
stations.

BRAY-CURTIS SIMILARITY
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(CORTES; RISK, 1985; NZALI et al, 1998).
e -~ Nevertheless, Cortés and Risk (1985) identified a
e N significant decrease in diversity and number otagse
/ ° N in areas with high sedimentation rates.
— / \
o7 \\\ i \\\
4 Wi
/l/ \\\',/ \\\
! i} A n | Mussismilia braziliensis
I A |
| i A A [} I 16
| i Pe / 4 M
\ N L / 2 14
\ v/ B N J S 12
@ n N & .
\ N 7 — .
. o
k 1 // 1
\ e, EBN.EE 5 ©
\\\ ;\,‘;\)‘ . /L \\\ ~—____- - _g 4 - I
\ YA A \ s 2
m < 9 ‘ O NT 0 0
N 7
N 7 O O O ©® O O O O O
ST 70% of similarity o NV AT WP NE N W2
O D AN R A
s T 60% of similarity NS
Iress = .

) ) . Favia gravida
Fig. 8. MDS plot of benthic community coverage ffeam

the influence of zoanthids at the three samplees it the 4 14
Abrolhos Bank, Brazil. Black symbols represent Rede € 12
Leste (PL) site, gray represent Pontas Sul (PS), velmte —g 10
corresponds to Parcel dos Abrolhos (PA). Differgymbols o 8
(circles, triangles, and squares) represent distsaenpled ° 6
stations. 2 4
E o |
Regarding colony sizes, onM. braziliensis 2 0 ‘ I‘H‘l o i
showed significant differences between the threessi RINR IR IR IR
(n = 102, df. 99, f = 6.81, p <0.01), with Pedra de QQ \@Q%@Q%%b bp"b."‘bg",\.'\
Leste presenting smaller colonies than Pontas S N Vv
(Tukey test, p <0.01)S. stellataand F. gravida
showed no significant differences in colony size Siderastrea stellata
among sites. The size-frequency distribution Nof w 18
braziliensis at Pedra de Leste showed that the £ ]g
population was skewed towards small-sized colonie: 2 4, | |
which are of extensions of up to 20 cm of livinggtie, 8 10
while the PS and PA colonies were more evenl "é 8 1
distributed among size classes, though also regchii 3 2:
larger sizes (Fig. 9). All three species presente § 5 I
smaller coverage on the reefs nearest to the coast. € 9 dl_ = —
DiscussioN SV o & N KA AR i q:\%
According to Rogers (1983, 1990), normal size class (cm)

sedimentation rates on healthy coral reefs wouldfbe B Pedradeleste [Pontas Sul [ Parcel dos Abrolhos

up to a maximum of around 10 mg érday”. Values

above SL,’Ch a rate would Cau_se Sﬂme degree of reﬁ"fé 9. Size class (average linear tissue lenggtjilution of
degradation, and above 50 mg€day* would lead t0  ne three most common reef building coral spectesha
catastrophic situations (BROWN, 1997). Indeedihree sampled sites at the Abrolhos.

Nemeth and SladecemetandLadeck-Nowlis (2001)

found a strong positive correlation between Although sedimentation rates at all the sites
sedimentation and bleaching. However, some studiesudied on the Abrolhos Bank are within the limits
have shown that significant coral coverage (averagexpected for healthy reefs, our data have brought
around 40% or even higher) may occur in reef areadivergent situations to light. Our sites presented
with sedimentation rates of above 50 mgZray' variable coral cover (from 1.5 to 36 %) under simil
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sediment deposition rates. Moreover, extremely higheste and Pontas Sul sites were mostly (>75%)
deposition rates have been observed in other afeascomposed of mud-sized grains.
the Abrolhos Bank, with mean coral cover comparable Less carbonate sediment was found on the
to those of Pedra de Leste and Pontas Sul (5.1 itoner reefs, which agrees with the analysis of Ladd
14.3 %) (Table 3; C. B. Castro et al., unpublishedinsburg (1997) of the bottom sediments surrounding
data). This scenario is further complicated by datauch reefs. These latter authors found from 40084 7
from northern Bahia. Reefs less than 3 km offshoref siliciclastic particles in inner areas, from ®8040%
were considered impoverished due to excessivia intermediate areas and less than 10% in ouéarsar
historical terrigenous sedimentation (LEAO et al.According to them, the lowering in sea level that
1997), with depths close to those of our statiom$ a occurred after 5,000 years B.P. moved the coastline
presenting covers of between 2.6 and 8.0%. Thestoser to the reefs, and terrigenous sediments were
covers are similar to those of our site closeritore then transported towards these reefs. Furthers sezf
(Pedra de Leste: 1.5-3.6%). This might imply thats trapping mechanisms for terrigenous and fine
whatever is constraining coral cover in northerniBah particles that are transported along the coast. [&oo
may also be acting on reefs closer to the shothdn and Larcombe (1999) stated that the most proléef r
Abrolhos area. growth occurs with minimal influence of non-
Sedimentation rates at all the three siteframework (non-biogenic) material. Coral community
were higher during the winter than in summer. Thiglata from the Abrolhos Bank are in accordance with
area is affected by violent storms from the Soutlhis assumption, since sediment composition shows a
during the winter (SEGAL et al., 2008). Accordirg t clear distinction between inner and outer reefs as
these latteauthors, a higher sedimentation rate in theegards their respective bottom sediments (Le&82;19
winter could be explained by the re-suspension diut see Ledo et al., 2006 for a less distinct frehast
local sediments due to southerly gales during thisuch a trend has also been perceived in the mineral
season (SEGAL et al., 2008). This is evidenced alscomposition of suspended matter by Knoppers et al.
by the increase in sedimentation on the Parcel d¢$999), who stated that “selected surface samples
Abrolhos reef during the winter. This reef is lamht clearly reflected differences between the inshore,
some 60 km offshore, and it is unlikely that it wbu coastal and open reef waters”.
be influenced by short-term coastal run-off, as Community analysis (cluster and MDS),
evidenced by the distribution of soluble radioig@e including the contribution of zoanthids, pointsnore
found in sediment samples (SEGAL et al., 2008)diverse communities on the Parcel dos Abrolhossreef
Furthermore, the carbonate fraction in the depdsitewhile inner reefs bear more homogeneous
sediment did not vary between seasons at all the.si communities (see Figs. 5 and 6). According to
It was concluded, therefore, that the main causbef Richmond (1993), “healthy” reefs present a high
increase in sediment deposition must be the ralegree of habitat heterogeneity, which leads to a
suspension of bottom sediments. A similar trend wadiversity of habitats for fish and invertebrateheT
observed by Torres et al. (2001), who found a highomogeneity of habitats seen at both sites in Parce
sedimentation rate (>37 mg @nday’) after the das Paredes (Pedra de Leste and Pontas Sul) seems t
passage of Hurricane Hortense in 1996, in thee related to the overwhelming dominanc®alythoa
Dominican Republic. In addition, Larcombe et al.caribaecorumon these reefs, especially at Pedra de
(1995) observed an increase in suspended sedimérmste.P. caribaeorunmis a highly successful colonizer
concentration related to local winds on the infels of shallow hard substrata and is known to overgrow
shallow reefs of Australia, where fine sedimentseve other sessile marine invertebrates, such as
also available. Hubbard (1997) considered thataon scleractinians and soft corals (SUCHANEK; GREEN,
micro scale, one of the main controlling factors fo 1981). This species seems to achieve its maximum
reef development is the light. Rogers (1979) comgar cover (of approximately 90%) at a depth of 2 m , in
experimentally the effects of both shading andhe Florida Keys (HAYWICK; MUELLER, 1997).
sediment deposition oAcropora cerviconixolonies Other authors also point to #4lythoazone” in the
and found that, although growth rates were nofirst 2 meters of depth (BASTIDAS; BONE, 1996;
reduced by heavy sedimentation, they wer&SEGAL; CASTRO, 2002). Although there is a
significantly reduced by the prolonged exclusion oflifference in depth between the three sites sampled
light. Although this study used a branching coral(see Material and Methods), we do not believe that
functionally different from all Brazilian speciesynay depth alone can explain the marked difference
be an important clue to the indirect effects ofbetween sites in the cover &. caribaeorum The
sedimentation upon coral communities, mainly as aiinimum depth at Pedra de Leste is approximately 3.
result of the increase in turbidity, with the re-meters, butP. caribaeorumat this site covers some
suspension of fine sediments. Ledo et al. (200®/3rds of the substrate. However, shallow coral
indicated that bottom sediments near the Pedra d®emmunities (from 1.9 to 4.0 m deep) around the
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Abrolhos Islands (near the Parcel dos Abrolhos) The environment in the Abrolhos area is
showed a total coral cover of up to 31%, much highesimilar to that described by Potts and Jacobs (002
than that at Pedra de Leste, and a low cover {tess for the Plio-Pleistocene period when “sediment and
10%) of Palythoaspp (SEGAL; CASTRO, 2002). A nutrient inputs from land and from streams incising
large-scale evaluation of the reefs on the Abrolhothe exposed inner shelf were probably high, and
Bank showed a widespread distribution @&f. shallow sediments would have been very susceptible
caribaeorumover the whole reef complex, but with ato re-suspension locally by tidal currents and save
dominance on reefs closer inshore (CASTRO et alAccording to these authors, reef building
2006). Despite its importance in terms of bottonscleractinians evolved through adaptations totifgh
coverage in the western Atlantic, little is knowwoat turbidity environment. Brazilian reef corals are thps
the ecology of. caribaeorumor its interactions with endemic forms that can be traced back to the Tertia
other benthic organisms (but see Suchanek; Greef,EAO; GINSBURG, 1997). Although we are
1981). It is, therefore, necessary to evaluate rothenaware of environmental reconstructions or of any
physical factors (such as hydrodynamics or tunpjdit records of these species in Brazil prior to the
on the Abrolhos reefs in order to arrive at arHolocene, these species have probably been living i
explanation for the dominance Bf caribaeorumin  turbid environments for at least several thousazats
some areas. Such variables could be important ssurLEAO et al., 1997).
of disturbance influencing the coral-zoanthid “Turbid-zone” reefs, such as are most
relationship on these reefs. Brazilian ones, are likely to present coral species
Community analysis excluding zoanthidsadapted to cope with low light levels (WOOLFE;
and turf algae showed somewhat diverse trends. ThARCOMBE, 1999). Although some studies point to
Parcel dos Abrolhos transects also clustered tegetha decrease in diversity and colony growth ratested!
and were totally distinct from those of other sitesto turbidity (DODGE; VAISNYS, 1977; PINZON et
However, the ordering of stations seen in the previ  al., 1998; TORRES, 2001 and others), others point to
analysis (Fig. 6) did not appear when zoanthids antiechanisms of adaptation of modern scleractinian
turf algae were removed from the analysis (FigNg). coral species to sediment and turbidity stresséd(B
clear distinction of the sites occurs within eaelefy ELGERSHUIZEN, 1976; RIEGL, 1995; RIEGL et al.,
contrary to what occurred in the previous analysis1996; PINZON et al., 1998; GLEASON, 1998;
There is a transect group composed of transeats froANTHONY; LARCOMBE, 2002; POTTS; JACOBS,
Pontas Sul and Pedra de Leste, which can B2002). Our data did not differ in sediment loadoasr
understood as a transition zone. We believe thesteth the in-shore/off-shore gradient. However, basethen
trends occur becaude. caribaeorumand turf algae high turbidity and terrigenous sediments that surtb
(hidden in this analysis) occupied most of the harthe coral communities (LEAO, 1982; KNOPPERS et
substrate that would be necessary for the developmeal., 1999), we agree with the suggestion that Beail
of the other benthic community. The limited spaceeef corals may be included among the species edlapt
actually available would be occupied sparsely antb low light, high sedimentation habitats (LABOREL,
somewhat randomly by different sets of other benthi1969; LEAO; KIKUCHI, 2001).
organisms, resulting in the spreading and mixing of Castro et al. (2006) indicate that distribution
the transects. or abundance over the reef complex is speciesfipeci
Smaller colonies oMussismilia braziliensis even among scleractinians. However, the differences
were found on Pedra de Leste, the reef closesbiash in coral andPalythoa caribaeorunmabundances and
than on Pontas Sul (Fig. 9). However, no statiljica Mussismilia braziliensiscolony sizes among sites
significant differences were found between the size suggest some kind of constraint to the developroént
the colonies of the Parcel dos Abrolhos and thdse at least a key builder species in reefs closeroresbn
the other two sites. We believe this was due tlaa f the Abrolhos Bank. Although our results do not pérmi
in the method. Although the colonies on Parcel doa clear conclusion as to the abiotic parameters tha
Abrolhos were clearly larger than those on the othemight be responsible for this constraint, thesesgme
reefs, they frequently grow into very high, mushmeo authors do not believe that sediment depositiothen
shaped columns. The tape-measure laid on the bottararals per se could explain the patterns observeéioei
slipped off these columnar structures. There werseef community. We, therefore, suggest that
many smaller colonies near the base of the columndifferences in other parameters related to
Therefore, the colonies closer to the sampling tgoin sedimentation, such as turbidity or carbonate-
were most frequently these lower and smaller onesiliciclastic composition, may be important strugig
This probably led to the underestimation of thefeatures, which deserve more attention in future
average colony size on this reef. studies in the area.
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