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ABSTRACT

Dredging and dredge-spoil disposal are among ttjermpeoblems in coastal management. Many of
the scientific contributions concerning the impaatghis practice are based on the study of sessile
organisms and subtropical environments. We evalugtanges in the composition and abundance of
a fish assemblage resulting from dredging and sewlirdisposal at the mouth and in the adjacent
waters of the Caravelas River on the north-easteast of Brazil. Samples were collected in two
directly impacted and three adjacent areas. Diffege among stations were not significant, but the
dredged site had the least diverse station, asctegheThe stations farthest from the directly
impacted areas apparently were not influenced éyttastal work, thus suggesting localised effects.
The contribution of the present study is partidylamportant because of the study area's proximity
to others that have high conservation value suchmasgrove forests and coral reefs, and the
relevance of the subject given the continuing direglgctivity.

Resuwmo

A dragagem e descarte de sedimento se destacamatimidades que geram grandes disturbios aos
ecossistemas marinhos e, consequentemente tornammsdesafio ao manejo e ordenamento
costeiro. Grande parte dos estudos que abordam ismestos é baseada em pesquisas com
organismos sésseis e em ambientes temperadosiccriam lacuna no entendimento de seus efeitos
sobre a ictiofauna, principalmente nas regibesidadp No presente estudo foram avaliadas as
alteracdes na composicdo e abundancia da comundfageixes sob influéncia da dragagem e
descarte de sedimento na foz do Rio Caravelasa ai#stregiao Nordeste do Brasil. As amostras
foram obtidas em duas estacdes diretamente afetadastrés outras areas adjacentes. Nao houve
diferenca significativa na diversidade média obtidara cada estagdo, porém a estacdo
correspondente & area dragada apresentou o mémodeatre as demais. As estacBes mais afastadas
aparentemente ndo foram influenciadas pelo empireentb sugerindo efeitos localizados. A
contribuicdo do presente estudo é particularmempeitante devido a proximidade com éareas de alto
valor de conservagdo como manguezais e recifesrdés@ a relevancia do assunto, o qual trata de
uma atividade que sugere expansédo em vista dowisgiemento da atividade portuaria.

Descriptors: Dredging, Coastal works, Estuarindrenments, Sediment disposal, Marine impacts.
Descritores: Dragagem, Ambientes estuarinos, Desdarsedimento, Impactos marinhos.

INTRODUCTION significance as rich and complex environments makes
it urgent to identify the impacts caused by human
The accessibility of coastal ports, fishing activity on the dyna.m.ics of estuarine e(':o.sy.stenms, i
harbours, and navigable waterways is vital to th@rder to develop efficient methods to minimise them
economic growth of coastal regions (ENGLERakt (BLABER, 2000). . )
1991). Consequently, estuarine areas have traditjon These activities have several potential
been developed first for these purposes, as siudhogin impacts. The continuous removal of the substrate
lands are used for human settlement. Since essuarfg!@nges the bottom topography as well as the
are rarely naturally deep, dredging becomes vital tsediment composition. Desprez (2000) reported that

maintain navigable depths by preventing the silofig after several years of dredging along the Frenetstco
shipping channels (HARVEY et al., 1998). of the eastern English Channel, the seabed surfase w

Dredging and dredge-spoil disposal areSeriously affected, with reduced species richness,
among the major problems in coastal managemefiundance, —and biomass. Furthermore,  the

(BORJA et al 2010). The conflict between the reconstituted benthic communities formed by
economic importance of estuaries and their ecogic€c0lonisation at the dredging extraction and diapo
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sites were different from the original communiteesd coast of Brazil (17°4% 39°11IW). The area includes
from the biota found at the control station.a large mangrove forest in addition to nearby coral
Sedimentation caused by dredge-spoil disposal hasef structures, such as Coroa Vermelha, Sao
numerous potential impacts, including the smotlerinSebastido Gomes, Paredes Parcel, and the Abrolhos
of benthos (although the extent of the impact ddpen Archipelago (Fig. 1), encompassing an environment
on the mobility of the benthic organisms and thte ra rich in biodiversity (ANDRADE; DOMINGUEZ,
of sedimentation) and the suffocation of filterdeey 2002; PATCHINEELAM; SMOAK, 1999). One of the
benthic organisms by large amounts of suspendedain characteristics of the eastern Brazilian camst
matter (COLLINSON; REES, 1978; KENNISH, the predominant influence of tropical waters frdme t
1992). Extensive sedimentation caused by dredgingrazil Current during the summer, characterised by
events was responsible for a decrease in coratgiiye salinities above 36.9 and temperatures between 22°
and coral cover on intertidal reef flats at Ko Pétuk and 28° Celsius (LEIPE et.al999).
Thailand (BROWN et al 1990). Finally, the sediment The mouth of the Caravelas River has two
removed from harbours or estuaries in industridliseentrances, although only one is used by vesseaito
regions is usually contaminated with metalsaccess to Luciano Villas Boas Machado Harbour,
pesticides, and oil, and these pollutants are thdocally known as Barra do Tomba. The channel depth
transferred to the dumping grounds (YEAGER et alranges from 5-10 m and has a semi-diurnal tide that
2010). ranges from 0.47-3.37 m (Fig. 1). A study of local
Fish species are more or less associated witturrent dynamics carried out in 2002 through 2005
the substratum, where they may live, feed, or spawfound that in waters adjacent to the navigation
(WESTERBERG et al 1996), and therefore respondchannel, the main currents are NE and SW with a
to changes in this compartment. However, little isnean speed of 0.25 m/s (maximum of 1.04 m/s) and
understood about the effects of coastal dredging omith waves reaching a maximum of 3.6 m (mean of
estuarine fish assemblages (PEREZ-RUZAFA et al§.45 m) (CEPEMAR, 2005). Northward currents
2006) which are expected to be less affected bgccasionally occur in association with cold frorftee
dredging activities than the benthic community, thue navigation channel contiguous to the mouth of the
their ability to avoid the disturbed area (DESPREZCaravelas River has predominantly smooth and
2000). Certain species may be more vulnerable tslightly undulating bed sediment, composed mairily o
sedimentation or smothering of eggs on spawningand (CEPEMAR, 2004).
grounds (WESTERBERG et.al1996). The removal
of sediment has also been connected to the lofishof Sampling Design
spawning and nursery habitat. Additionally, many
demersal fishes may be affected by the removal of Surveys were conducted during five periods:
benthos, which is an important food source (DAAN ef1) March 2006, (2) June 2006, (3) September 2006,
al., 1990). (4) March 2007, and (5) June 2007. During this time
In view of these factors, more studies ardrame, dredging operations were executed two weeks
needed to fully examine the impacts on theafter period one and also during the fourth peride
ichthyofauna caused by dredging operations ansh assemblage was sampled at five stations,
dredge-spoil disposal, and the potential use of thdesignated Control, Channel, Discard, and Plume (A
ichthyofauna as a tool to evaluate the health estad  and B) (Fig. 1). The Control station was located mort
ecosystems. The main objective of this study was tof the dredged area (Channel) and served as a
examine the impacts of a maintenance dredgintgference site. This area was considered to be
operation on a tropical coastal ecosystem, Barra d#hinfluenced by the dredging activity, based on
Tomba, located at the mouth of the Caravelas River girevious studies that showed a predominance of
the north-eastern coast of Brazil. The research w&puthward currents in the area, which dispersed the
based on quantitative and qualitative analyseshef t sediments in this direction (LEIPE et al., 1999;
ichthyofauna, and addressed the following questiofPATCHINEELAM; SMOAK, 1999). The Channel
does dredge-spoil dumping have dissimilar impants oand Discard stations were located in the impacted, a
the fish assemblage structure (composition andnd were characterised by the dredging activity and

abundance) at dredged, disposal, and adjacerf sites Spoil disposal, respectively. Plumes A and B were
situated south of the Discard station, with Plume B
farther from the latter (Fig. 1). The Plume statioas
divided into two different zones because of thgedar
Study Site area that the dispersing sediments could reach,

i possibly affecting the ichthyofauna to different
The study area is located at the mouth of thgegrees.

Caravelas River and in adjacent areas on the eastern

MaATERIALS AND METHODS
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Fig. 1. Map of the mouth of the Caravelas River #mel coastal region, showing the stations that wearapled during this
investigation and the principal coral reef formato

m

At each site, we randomly performed twofish collected were separated and identified taigse
trawls of 1000 m (approximately 15-20 minutes eachising specialised literature (e.g., FIGUEIREDO;
using a typical fishing boat of the local artisafiaet. ~MENEZES, 2000). Ecological aspects of the species
Boat speed was maintained at around 2.0 knots, ameere assessed via specific literature (e.g., VIANNA
the trawls were always carried out during the ddne  ALMEIDA, 2005). No sub-sampling was employed.
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Data Analysis 2005) and PC-ORD 4 (MCCUNE; MEFFORD, 1999).
Lastly, the significance level af=0.05 was used for
Firstly, the status of threatened species wag|| tests.
assessed using national (MMA, 2004; MMA, 2005)
and international (CITES, 2009; IUCN, 2009) lists REsuLTs
of threatened and endangered species. For the next

step, capture per unit of effort (cpue) was apbbis species in 26 families, were recorded during thre fi

an estimation of abundance (number of indiwdual%ampling periods. The results showed a high degfree
-1 .
trawl") for all analyses. cgominance by certain species and families. Therseve

usin fouflizi\(/:gm;::eumteyazgruecst'urse ;’\(l:?:scr?:hrz;irl'(ste pecies captured most often accounted for 49.9% of
9 - Sp total abundance, and Sciaenidae was the most

Elfjfmtt)_er of Spka'eS'fabundfance (ftlapttjre rg%r: Unit O,f abundant family, contributing 48.1%.
ort, number of specimens/traw), annon's The ariidGenidens barbuand the sciaenids

diversity index H’), and Pielou equitability Jj : : o
X . Micropogonias furnieriand Macrodon ancylodorare
(MARGALEF, 1974). The Analysis of Variance Was icted  as species under threat or at risk of

employed to assess the variability of these meas'ur%verexploitation by the Brazilian Environmental

(ZAR, 1996). Ministry. In addition, the IUCN Red List indicatesath

five Sitess()p\)lztl’lill’]:.rf]i(\j/etir:r?ﬁo:ﬁ: dlf;erirgggevje?emong th(?or the ray Dasyatis guttata the available data are
piing p orp insufficient to establish its conservation status.

usin_g _Correspondence Analysis (CA), a muItivaria_te There was a major change in fish abundance
féigzt:]csag tr(r)] et:r?((jjerr;/ ?nsgedur?nrle:surrg(()jdeeln\(/)ifrosr?]eeﬂte§PUE) and species richness during the five periods,
- i - ith no clear evidence that dredge-spoil dumping
gradlents (CLAR.KE' WARW'QK’ 19.94)' This affected these variables (Fig. 2A and 2B). Both
analy5|s was carried out only W'th. Species th"’lt(:'werabundance and richness showed the lowest values at
dominant throughout the study period, which toglethethe Control site during the first sampling period
contributed >90% of the total Index of Rel"’uivecarried out two weeks after the dredging operatior’1
Importance (IRI) (‘?-9-' SELLESLAGH; AMARA, . The Channel and Discard locations showed the highest
2008) (Table 1). This approach removes rare specigy ndances during the final sampling period.

ter:(?réns(;r:dast?yn?rzsee’e?;gnegllzezﬁiittr(]i% t?]toatla;[rt]gr t%gnno.n’s diversity index and Pielou’s evennesexnd

. . ried little over the sampling periods (Fig. 2C and

interpretation of results. i . 2D). The lowest diversity measures were associated
To analyse the association of each SPECI&Rith the Channel and Plume B stations, concomitant

with a statlofnd ord a specific dsargplllng e"elmdi("?'wnh spoil dumping, and returned to the common eang
occurrence of dredging, or no dredging), an Indica in the next period.

Species Analysis (ISA) was carried out. Analysesewe
performed using the programs Statistica 7.1 (StgtSo

800 35

A total of 7,582 individuals, representing 79

30

mar/2006 jun/2006 sep/2006 mar/2007  jun/2007 mar/2006 jun/2006 sep/2006 mar/2007 jun/2007

—4— Channel Control —&— Discard -3+ PlumeA —»%— Plume B —¢= Channel Control —#— Discard -+ PlumeA =% Plume B

Fig. 2. Temporal succession of abundance (A), sgaithness (B), Shannon
diversity index (C), and Pielou equitability (D) sampling stations under the
influence of dredging at the mouth of the CaravBla®r.
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Spatially, the mean diversity values were notomposition and abundance between these two
significantly different, although they indicated anstations.
important difference between the Control statior th
directly impacted stations (Channel and Discard)l an 3s
the adjacent stations (Plumes A and B) (Fig. 3).

The results of the CA revealed the 30

dissimilarity of the Control station from the other e
sampling areas during March 2006 and 2007 (Fig. 4 % ~ I
periods associated with dredging and sedimer.

[N)
n

Ing
=

disposal activities. In March 2006, the low total
abundance and richness (34 and 13 respectivelyd we
responsible for the dissimilarity of this stati@nd on

Shannon’s diversity index (
&

March 2007 the reason was the exclusive capture ' § 10

Chirocentrodon bleekerianudsopisthus parvipinnis

Polydactylus virginicus Stellifer stellifer, and 0.5

Symphurus tesselatu€®n the other hand, Plumes A

and B were consistently associated, except for Marc 00 Channel  Control  Discard  Plume A Plume B

2007 when Plume B showed the lowest richness

found in this survey. Lastly, there was no proxymit  Fig. 3. Mean (+Cl; 95%) variation of Shannon divgrindex
Channel and Discard in the analysis for each sagplirfrom each station over the six sampling periods.

period, in consequence of the dissimikgecies
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Fig. 4. Ordination of stations in each samplingigeerin biplot representations of the
first two axes from the Correspondence Analysefopaed on CPUE for species that
represented more than 90% of IRI.
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The Indicator Species Analysis resulted in adynamic environments such as estuaries, where the
total of 19 significant species indicators for theichthyofaunal assemblage is influenced by seasonal
presence or absence of dredging operations (T3ble Yariability. This scenario is specially challengiaigthe
Eight of these species were collected only duringnouth of the Caravelas River, where at the different
dredging operationsCynoscion leiarchusDiapterus stations the habitat is highly heterogeneous becafis
rhombeus, Diplectrum radiale, Eucinostomusthe presence of mangroves and coral reefs.

argenteus, E. gula, Menticirrhus littoralis, Having in mind the likely influence of these

Sphoeroides spengleandSynodus foetehs confounding factors, it was nevertheless possible t
identify indicators of the effects resulting fromedge

Discussion activity. As expected, the Channel station showed th

lowest diversity; the observed large Cl is an irai¢
The first concern that must be addressed ifonseduence of the different situations that were
this particular study is the sources of variatibatt rePresented during the sampling periods, compoged b
may have influenced the outcomes. The major issue f Variety of temporal circumstances during andrafte
identifying spatial effects on teleost fishes réagl the dredging impact. Under these influences, vagile
from coastal activities such as dredging and dredg&Pecies such as fish tended to move away from the
spoil disposal is that they are vagile organismd can disturbed area, leaving only a few, more-tolerant

avoid disturbances by migrating to adjacent areasPecies (PEREZ-RUZAFA et.aP006), as seen by the
(PEREZ-RUZAFA et al 2006). An investigation short-term decrease in diversity in the Channeindur
becomes more challenging when it takes place ilflarch 2006 and 2007.

Table 1. Mean capture per unit of effort (CPUE) gmtlcentage of indication of significant speciesfrindicator Species
Analysis (ISA).

% indication
Channel || Control Discard Plume A| Plume B (relative abundance + relative

Species frequency) p
Mean|SD ||MeanSD ||MeanSD | MeanSD | MeanSD witho_ut with dredging
dredging

Aspistor luniscutis 3.9 |[9.1// 0.9 |[ 2.3[ 1.1] 1.8 26/ 20 0¢ 1.7 58 2 @042
Cathorops spixii 8.1 |[15.90.0 |[0.0][09 |14 16| 23 27 6L 55 0 0.0100
Cynoscion leiarchus |[1.0 ||1.9/| 1.2 || 3.0/ 1.8/ 45 16 40 28& 70 0 49 @002
g{;%f:gi’gotus 22 (4223 40 37 80 22 26 05 09 57 1 0.0190
Dasyatis guttata 04 |[03/03] 05/ 06| 08 06 o8 00 00 1 64 ®obo1
Diapterus rhombeus |[0.7 |[1.3][ 0.9 |[ 1.3/ 02| 05 01 o0l8 0& 00 0 70 @01
Diplectrum radiale /0.5 |[1.3/[0.2 |[ 0.3/ 00| 00 01 08 ol 00 0 50 @006
Etropus crossotus 34 ||22| 44| 35 04| 10 40 52 5% 05 5 79 (002
Erlgceirr‘]?j;‘;m”s 339 84815 |18 05 | 1.3 4.0 10039 345 0 70 0.0020
Eucinostomus gula /0.5 |/ 1.3| 0.1 || 0.0/ 0.0/ 0.0 6.5 164 |/1.0 0 40 0.0060
Isopisthus parvipinnis4.7 |[4.4|[10.1][ 1779 |[11.59.3 |[13.654 |77 67 15 0.0350
Macrodon ancylodon||0.5 |/ 1.3| 2.3 || 54| 17| 2.8 11| 21 0. 09 66 1 (009
Menticirrhus littoralis||1.5 |/{0.9// 0.2 || 0.5/ 0.1| 0.8 16 38 0& 14 0 67 @mo01
2ﬁ2?£ﬁg?j;hus 9.1 | 13.2135/30.210.7 | 15.310.3 |21.98.1 | 87 72 8 0.0120
Ef‘;g'lfe”ncsr:;‘rus 79 81 44 48 45 38 50 39 82 63 68 13 ®004
Peprilus paru 04 |[10/05 ] 1.3 03] 08 04 o7 04 07 45 0 27
Sphoeroides spengleri0.4 ||1.0// 0.1 || 0.3/ 0.3|| 0.8 04 10 0.0 00 0 40 (D008
Stellifer rastrifer 34 |[50/ 10 1.7 132 2105 |[[14/ 10 03 63 3 0.0460
Synodus foetens 0.4 |[1.0/[00 |/ 0.d/ 0.1 03 03] 0B 02 05 0 40 @004

SD = standard deviation
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The other directly impacted area was theelated to this process. This is an attractive aggin
Discard station; this site showed a smaller ranghé that must be considered, in order to support
confidence interval but a higher mean value for thenanagement actions while dredging and spoil didposa
Shannon diversity index. One might suggest that theontinue to be widespread activities.
spoil dumping had only a small impact at this stati

However, it seems that the effects at this stakiad ACKNOWLEDGEMENTS
the opposite effect on teleost fishes than on #retic
fauna. Sediment disposal may have increased the This work was funded by Aracruz Celulose

availability of food in the sediment, acting as anyhich has given permission for the publication fuf t

attractive factor (HARVEY et al 1998) for |oq,its The study was undertaken in conjunctich wi
ichthyofauna and increasing diversity, similarlyth®  cepgpMAR, which was responsible for the biological
findings of Pérez-Ruzafa et al. (2006) for @monitoring framework of this activity. We are also
corresponding Discard site. grateful to the Laboratory of Fishery Biology and

_ The sampling stations farthest from thetechnology of the Federal University of Rio de
directly impacted areas (Control, Plumes A and B}aneiro.

apparently were not influenced by the dredge and

dredge-spoil disposal activities, and were dissimib

the other areas, independently of the period. These

stations may be functioning as refuge zones, 8@V, | e\ g L BLATZ, D. M. Distribution and microftatat

Organ'_sms that are sensitive _to disturbances. The use by flatfishes in a Louisiana estuagnviron. Biol.

association oEtropus crossotuwith dredge events at Fishes v. 50, p. 85-103, 1997.

the Control and Plume B stations supports thiaANDRADE, A. C. S.; DOMINGUEZ, J. M. L. Holocene

hypothesis, in view of the close relationship oisth barrier island/lagoon system at Caravelas strairdpla

species to the sediment (ALLEN; BLATZ, 1997), and  coast. Res.v. 42, p. 132-141, 2002.

changes in the substrate are presumed to strongfFMVENUTI, C. E.; ANGONESI, L. G.; GANDRA, M. S.

influence its presence (CONSTANTINO et, £009). Effects of dredging operations on soft bottom

On the other hand, some species were ma_crofauna in a harbor_ in the Pa_tos Lagoon estiarin

. . - . . region of Southern BraziBraz. J. Biol,, v. 65, p. 573-

associated with the directly impacted areas dutfireg 581, 2005.

dredging period. Bolam and Rees (2003) stated th@{ ABER, S. J. M. Tropical estuarine fishes: ecology,

naturally unstable ecosystems such as estuaries are exploitation and conservation Oxford: Blackwell

composed of a large number of opportunistic species Science, 372 p. 2000.

(ELLIOT et al, 2007). These species are responsiblBOLAM, S. G.; REES, H. L. Minimizing impacts of

for a rapid recolonisation process that accelertites maintenance dredge material disposal in the coastal

reconstitution of disturbed ecosystems, mitigating environment: a habitat approacknviron. Manag.,v.

impacts of dredging (BEMVENUTI et al 2005; 32, p. 171-188, 2003.

. . . BORJA, A;; DAUER, D. M.; ELLIOTT, M.; SIMENSTAD,
BOLAM; REES, 2003; SMITH; RULE, 2001). C. A. Medium- and long-term recovery of estuarimne a

Among the species related to the presence of digdgi  coastal ecosystems: Patterns, rates and restoration
work, four were captured mostly at the Channel effectivenessEstuaries and Coastsv. 33, p. 1249-
station: Diplectrum radiale Eucinostomus argenteus 1260, 2010.

Sphoeroides spengleri, and Synodus foetens BROWN, B. E.; LE TESSIER, M. D. A.; SCOFFIN, T. P;
Therefore, these species may be responsible for a TUDHOPE, A. W. Evaluation of the environmental
similar recolonisation process at directly impacted impact of dredging on intertidal coral reefs at Rouket,

. . . . Thailand, using ecological and physiological partarse
stations, because of their resistance to distugbanc Mar. Ecol. Progr.Ser, v. 65, p. 273-281, 1990,
In conclusion, the effects on the -

. . CEPEMAR- Meio Ambiente. Caracterizagdo geoldgica do
ichthyofaunal assemblage resulting from dredge and {,ndo marinho no canal de acesso da Barra do

dredge-spoil disposal appear to be localised at the Tomba — Caravelas Vitéria: CEPEMAR Technical
directly impacted stations. Nevertheless, dredgind Report CPM RT 051/04, Vitéria, Brazil, 2004.
dredge-spoil disposal in estuarine ecosystems areC&ZPEMAR - Meio Ambiente. Hidrodinamica e
matter of utmost importance and should be evaluated concentracdo de sedimentos em suspens&o na zona
with care, given the presence of economically Costeira de Caravelas (BA) CEPEMAR Technical
important species at risk of over-exploitation. The._RSPort CPM RT 212/05, Vitoria, Brazil, 2005.

t . iall | t b f tr?ITES - Conservation on International Trade in Ergdaed
presenl case Is especially relevanl because 0 e Species of Wild Fauna and Flor&ITES species

proximity of important ecosystems to the mouthtf t database2009.<http://www.cites.org/eng/resources/spec
Caravelas River, including coral reefs and mangrove jes.html>. Accessed online October 10, 2010.

forests that have high conservation value. Duehé t CLARKE, K. R.; WARWICK, R. M. Change in marine
sampling design, the recovery time could not be communities an approach to statistical analysis gnd
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